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Abstract

AIM: To investigate the efficacy of hepatic arterial in-
fusion chemotherapy (HAIC) using floxuridine (FUDR)
in patients with advanced hepatocellular carcinoma
(HCC) confined to the liver.

METHODS: Thirty-four patients who had advanced
HCC with unresectability or unsuccessful previous ther-
apy in the absence of extrahepatic metastasis were
treated with intra-arterial FUDR chemotherapy at our
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hospital between March 2005 and May 2008. Among
the 34 patients, 9 patients were classified as Child
class C, and 18 patients had portal vein tumor throm-
bus (PVTT). One course of chemotherapy consisted of
continuous infusion of FUDR (0.3 mg/kg during day
1-14) and dexamethasone (10 mg on day 1, 4, 7 and
11), and this treatment was repeated every 28 d.

RESULTS: Two patients (5.9%) displayed a complete
response, and 12 patients (35.3%) had a partial re-
sponse. The tumor control rate was 61.8%. The me-
dian overall survival times were 15.3 mo, 12.4 mo and
4.3 mo for the patients who were classified as Child
class A, Child class B and Child class C, respectively
(P = 0.0392). The progression-free survival was 12.9
mo, 7.7 mo and 2.6 mo for the patients who were
classified as Child class A, Child class B and Child class
C, respectively (P = 0.0443). The cumulative survival
differed significantly according to the Child-Pugh clas-
sification and the presence of PVTT. In addition to
hepatic reserve capacity and PVTT, the extent of HCC
was an independent factor in determining a poor prog-
nosis. The most common adverse reactions to HAIC
were mucositis, diarrhea and peptic ulcer disease, but
most of these complications were improved by medical
treatment and/or a delay of HAIC.

CONCLUSION: The present study demonstrates that
intra-arterial FUDR chemotherapy is a safe and effec-
tive treatment for advanced HCC that is recalcitrant
to other therapeutic modalities, even in patients with
advanced cirrhosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC), which is one of the
most common malignancies worldwide, causes over
600 000 deaths per year and is the third most common
cancer in South Korea”. Although surgical resection
or liver transplantation can be curative for HCC, most
patients are not candidates for surgery at the time of
diagnosis because it is difficult to detect HCC at an carly
stage. In addition, some patients have advanced cirrhosis
by the time of diagnosis™.

Although recent advances in therapeutic modali-
ties, such as hepatic resection, percutaneous ethanol
injection, radiofrequency ablation (RFA), transarterial
chemoembolization (TACE), radiotherapy and liver
transplantation, have improved the treatment of HCC,
the prognosis for patients with advanced HCC remains
poor. In addition, these current therapies have many
limitations, and recurrence and metastasis are relatively
common!”. Among the currently available therapies,
TACE is the current standard of care for patients who
are not candidates for curative therapy. The survival ben-
efit conferred by TACE was reported in a randomized
controlled trial®™, which showed that the median survival
of the patients in the TACE group was approximately
14 mo. However, TACE is contraindicated in advanced
HCC with main portal vein tumor thrombus (PVTT),
massive or diffuse infiltration, poor liver function with
Child class C, and sevete hepatic arterioportal shunt.

Regional hepatic arterial infusion chemotherapy
(HAIC) has also been used in patients with advanced
HCC because liver cancers receive most of their blood
supply from the hepatic artery, whereas normal liver tis-
sue has a dual vascular supply (i.e., 20% of the blood
supply comes from the hepatic artery, and the remaining
80% comes from the portal vein). Thus, HAIC may be
used, albeit with caution, in cases in which TACE is not
indicated or is ineffective”. HAIC may provide higher
concentrations of chemotherapeutic agents directly to
the HCC and produces minimal systemic concentrations
of chemotherapeutic agents, which can minimize sys-
temic toxicitylmj.

Floxuridine (FUDR) is an active metabolite of 5-flu-
orouracil (5-FU) that has the advantage of being rapidly
metabolized, with a 94%-99% extraction rate within the
liver via first-pass metabolism. FUDR is maintained at
an intrahepatic concentration that is more than tenfold
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greater than that of 5-FU, cisplatin, mitomycin or doxo-
rubicin, which permits maximal tumor cell death while
preventing systemic toxicity! "',

Most previous studies have reported the efficacy of
HAIC using 5-FU and cisplatin in advanced HCC or
HAIC using FUDR in patients with hepatic metastasis
from colorectal cancer! >,

In the present study, we evaluated the efficacy and
toxicity profile of HAIC using FUDR in patients with
advanced HCC confined to the liver who failed to re-
spond to previous therapy or who were unable to receive
other therapeutic modalities.

MATERIALS AND METHODS

Patient eligibility

Thirty-four patients with advanced HCC that was unre-
sectable or resistant to previous therapy in the absence
of extrahepatic metastasis were treated with intra-arterial
FUDR chemotherapy at our hospital between March
2005 and May 2008. The criteria for unresectability
included bilobar disease with 4 or more lesions, large
tumors occupying more than 50% of the liver, and inva-
sion of the tumor into major vascular structures. Previ-
ous therapies included RFA, TACE and radiotherapy.
All of the patients belonged to tumor node metastasis
stage A or IIB. To assess the eligibility for inclusion,
each patient received a computed tomography (CT) scan
of the abdomen and pelvis. Each patient provided a full
medical history and underwent a physical examination,
chest X-ray, and laboratory tests, including a test for
alpha-fetoprotein. Additional examinations, such as mag-
netic resonance imaging (MRI) scans, liver biopsy and
angiography, were performed if the CT scan and tumor
marker analyses were insufficient for diagnosis. Among
the 34 patients, disease was histologically confirmed in
5 patients. When metastasis was suspected, positron
emission tomography scans and bone scans and/or CT
scans of suspicious areas were conducted. Patients with
distant metastases were excluded. Informed consent was
obtained from all of the patients.

A pump catheter was inserted at the proper hepatic
artery from the superior mesenteric artery. The distal
gastroduodenal artery, the right gastric artery, the small
branches supplying the stomach or duodenum, and all of
the accessory hepatic arteries received ligations to pre-
vent gastrointestinal toxicity. The patients with hepatitis
B received prophylactic or therapeutic antiviral agents
before HAIC. Some of the patients with hepatitis C had
previously been treated with pegylated-interferon/inter-
feron and ribavirin. The remaining hepatitis C patients
were carefully monitored because antiviral treatment was
deferred because of underlying bone marrow and im-
mune suppression complications.

Assessment of responses

The patient responses were classified according to the
Response Evaluation Criteria In Solid Tumors guidelines.

July 14, 2012 | Volume 18 | Issue 26 |



Baek YH et a/. Intra-arterial FUDR in advanced HCC

Characteristics IA-FUDR (7 = 34)
Age (yr) 622+74
Sex
Male 27 (79.4)
Female 7 (20.6)
Cause of HCC
Hepatitis B virus 27 (79.4)
Hepatitis C virus 2(5.9)
Alcoholism 5(14.7)
Child-Pugh classification
Child class A 7 (20.6)
Child class B 18 (52.9)
Child class C 9 (26.5)
Portal vein thrombosis
Yes 18 (52.9)
No 16 (47.1)
Tumor morphology
Multinodular 16 (47.1)
Huge, massive > 50% of liver 18 (52.9)
Bilirubin (mg/dL) 26+23
Albumin (g/dL) 28+1.1
Prothrombin time (INR) 20£0.7
AFP (ng/mL) 5136.03 (median)
Treatment prior to chemotherapy or supportive care
Surgery 0(0)
RFA 3(8.8)
TACE 20 (58.8)
RFA and TACE 1(29)
Radiation 1(2.9)

No treatment 9 (26.5)

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; RFA: Radio-
frequency ablation; TACE: Transarterial chemoembolization; IA-FUDR:
Intra-arterial floxuridine; INR: International normalized ratio.

Complete response (CR) was defined as the disappear-
ance of all evidence of disease and the normalization of
tumor markers for at least 4 wk. Partial response (PR)
was defined as a = 30% reduction in unidimensional tu-
mor measurements without the appearance of any new
lesions or the progression of any existing lesion. Pro-
gressive disease (PD) was defined as any of the follow-
ing: a 20% increase in the sum of the diameters of five
measurable lesions, the appearance of any new lesions,
or the reappearance of any lesion that had previously
disappeared. Stable disease (SD) was defined as a tumor
response that did not fulfill the criteria for CR, PR or
PD. CT scans or MRIs of the measurable lesions were
carried out within 4 wk before the start of treatment
and repeated every 2 cycles (2 mo). Responses were con-
firmed by subsequent CT or MRI scans after the docu-
mentation of the initial response.

Toxicity assessment
Toxicity was assessed according to the National Cancer
Institute Common Toxicity Criteria. The FUDR dose
was modified when grade 3-4 toxicity was observed.
Hepatic toxicity was defined as a significant increase
over baseline values (3- to 4-fold for aspartate transami-
nase or alanine transaminase and greater than 1.5-fold
for bilirubin), and the increases in hepatic enzyme levels
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caused by the disease varied across patients. If a patient
complained of epigastric pain, an evaluation that includ-
ed an upper gastrointestinal endoscopy was performed.
If an ulcer or gastroduodenitis was identified, then che-
motherapy was stopped until recovery. If a patient had
severe diarrhea or abdominal pain, chemotherapy was
stopped until recovery. In addition, angiography was
performed to block collateral vessels when extrahepatic
perfusion was suspected.

Chemotherapy regimen

Local chemotherapy was started between 3 and 5 d af-
ter pump insertion. The patients received FUDR (0.3
mg/kg per day for 14 d) and dexamethasone (10 mg on
day 1, 4, 7 and 11) via an intra-arterial pump. FUDR was
synthesized by APP Pharmaceuticals, LL.C (Schaumburg,
IL, United states). After the 14 d of treatment with
FUDR, the pump was emptied and refilled with 30 000
units of heparin in 0.9% saline for 14 d. This treatment
was repeated every 28 d. FUDR was given indefinitely
until the disease progressed or the therapy was discon-
tinued due to toxicity or patient death.

Statistical analysis

The objective of the present study was to estimate the
efficacy and toxicity of continuous HAIC with FUDR
via an implantable pump. All of the analysis were per-
formed using SPSS version 18.0.

Survival times were calculated from the start of the
study treatment until patient death or the final follow-
up. Progression-free survival (PES) was calculated from
the first day of chemotherapy until the date of progres-
sion. PES and overall survival (OS) curves were obtained
using the Kaplan-Meier method, and comparisons were
made using the log rank test. Multivariate analysis to
evaluate the influence of prognostic factors on survival
was performed using Cox proportional hazard methods.
Statistical significance was established as P < 0.05.

RESULTS

Patient characteristics

A total of 34 patients, 27 men and 7 women, with a
median age of 62.2 years received intra-arterial FUDR
chemotherapy between March 2005 and May 2008. The
patient baseline characteristics are shown in Table 1. The
major etiology of the patients’ liver disease was hepatitis
B virus (27 of 34, 79.4%). Eighteen patients had PVTT,
whereas 16 patients did not have PVTT. The majority of
patients had received TACE as the previous therapeutic
modality (20 of 34, 58.8%).

Response to treatment
Patients received 2-10 (the median was 3.5) cycles of
chemotherapy. All of the patients received at least 2 cy-
cles of intra-arterial FUDR chemotherapy, and 17 (50%0)
patients received more than 4 cycles.

The patients’ responses to treatment are summarized
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After 9 cycles

—~—

& After 8 cycles

Figure 1 Two cases of nearly complete response. A: The first case was a 54-year-old patient with diffuse, multinodular hepatocellular carcinoma throughout
the whole liver. After 9 cycles of hepatic arterial infusion chemotherapy (HAIC) with floxuridine, no enhancing nodular lesions were observed by dynamic contrast-
enhanced computed tomography (CT); B: The second case was a 48-year-old patient with a large mass in the left lobe and intrahepatic metastasis in the right lobe.
After transarterial chemoembolization treatment, viable masses were still observed in sequential CT images, and HAIC was started. After 8 cycles of chemotherapy,

no viable masses were observed. TACE: Transarterial chemo-embolisation.

Intra-arterial FUDR chemotherapy
Total Child class A Child class B Child class C

Tumor response

CR 2(5.9) 1(14.3) 1(5.6) 0(0)

PR 12(353)  2(28.6) 9 (50) 1(11.1)
SD 7(20.6)  2(28.6) 3 (16.7) 2(222)
PD 13 (38.2)  2(28.6) 5(27.8) 6 (66.7)
Response rate 14 (41.2) 3 (42.9) 10 (55.6) 1(11.1)
Disease control rate 21 (61.8) 5 (71.4) 13 (72.2) 3(33.3)
Total 34 (100) 7 (100) 18 (100) 9 (100)

FUDR: Floxuridine; CR: Complete response; PR: Partial response; SD:
Stable disease; PD: Progressive disease.

in Table 2. Two patients (5.9%) had CR, 12 (35.3%) had
PR, seven (20.6%) had SD, and 13 (38.2%) had PD. The
CT findings for the two patients with CR (Figure 1).
Among the patients who were classified as Child class A
or B, 2 (8%) had CR and 11 (44%) had PR. The patients
who were classified as Child class A or B had a response
rate of 52% and a disease control rate of 72%.

Survival
The cumulative survival of the 34 patients is presented
in Figure 2A and B. The median OS was 8.9 mo, and the
median PFS was 6.6 mo.

We assessed the cumulative survival according to the
Child-Pugh classification and the presence of PVTT
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(Figure 3). The median OS times were 15.3 mo, 12.4 mo
and 4.3 mo in the patients who were classified as Child
class A, Child class B and Child class C, respectively, and
there were significant differences between the groups (P
= 0.0392). Similarly, there were significant differences in
the median PFS times, which were 12.9 mo, 7.7 mo and
2.6 mo in the patients who were classified as Child class A,
Child class B and Child class C, respectively (P = 0.0443)
(Figure 3A and B). These findings showed that the pa-
tients who were classified as Child class C had signifi-
cantly shorter survival times compared with the patients
who were classified as Child class A or Child class B.
Further differences were found in the OS and PFS ac-
cording to the presence of PVTT, which indicated a nega-
tive impact of PVTT on survival time. The median OS
and PES of the patients without PVTT were 13.1 mo and
8.2 mo, respectively, compared with 8.2 mo and 3.4 mo,
respectively, for the patients with PVTT (Figure 3C and D).

Prognostic factors

We conducted univariate and multivariate analyses of
baseline characteristics, such as age, sex, Child-Pugh clas-
sification, PVTT, extent of HCC, bilirubin, albumin and
PT international normalized ratio (INR), using a Cox
proportional hazards model to evaluate the prognostic
factors for survival (Table 3). The multivariate analysis
showed that 4 variables (i.e., child classification, PVTT,
HCC type and PT INR) were independent predictors of

survival.
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Figure 2 The overall survival and the progression-free survival deter-
mined by Kaplan-Meier analysis. A: The overall survival (OS) determined by
Kaplan-Meier analysis; B: The progression-free survival (PFS) determined by
Kaplan-Meier analysis.

Adverse reactions and complications

The treatment-related adverse reactions and complica-
tions that were observed in the 34 patients who were
treated with HAIC (Table 4). Severe hematologic toxicity
during HAIC was not noted in any of the patients. The
most common grade 3-4 adverse reaction was gastric
or duodenal ulcer (11.8%). Most of the adverse reac-
tions were improved by medical treatment and/or de-
laying HAIC. One patient with hepatitis C experienced
progressive hepatic failure during the third cycle of
chemotherapy and eventually died. In addition, a major
complication related to the indwelling catheter occurred
in 1 patient. Indeed, an infection occurred around the
catheter, but it was controlled by antibiotics and removal
of the port. This patient continued HAIC after insertion
of another catheter in the opposite site. Another major
complication that has commonly been reported to be as-
sociated with FUDR treatment is biliary sclerosis; how-
ever, the patients in the present study received prophy-
lactic dexamethasone on a regular schedule, and none of
the present patients experienced biliary sclerosis.

Cause of death

During treatment and follow-up, 9 patients died from
various causes, including tumor progression, hepatic
failure, gastrointestinal bleeding and sepsis. Among the
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Multivariate Hazard ratio 95% CI P value
Age (= 60 yr, < 60 yr) 1.381 0.403-4.734  0.608
Sex (male, female) 1.462 0.433-4.937 0.541
Child-Pugh classification 3.710 1.490-9.238 0.005
Portal vein thrombosis (without, with) 0.086 0.019-0.387 0.001
Extent of HCC 0.185 0.051-0.679 0.011
(multinodular, massive > 50% of liver)

Bilirubin (= 3, < 3) 0.837  0.319-2.195 0.718
Albumin (< 3, = 3) 1.059 0.430-2.603 0.901
PTINR (<23, = 2.3) 0.218 0.066-0.715 0.012

HCC: Hepatocellular carcinoma; PT INR: Prothrombin time international
normalized ratio.

NCI-CTC grade

Treatment group (toxicity) _———
1-2 3-4

Fever 2(5.9) 0 (0)
Nausea/vomiting 0(0) 0 (0)
Gastric or duodenal ulcer 3(8.8) 4 (11.8)
Mucositis 4 (11.8) 3(8.8)
Diarrhea 4 (11.8) 3(8.8)
Leukopenia 2(5.9) 1(2.9)
Thrombocytopenia 2(5.9) 1(2.9)
Bilirubin elevation 4 (11.8) 1(2.9)
AST/ALT elevation 5 (14.7) 1(29)
BUN/Cr elevation 0(0) 1(2.9)
Catheter infection 1(2.9)

Total 19 9

NCI-CTC: National Cancer Institute Common Toxicity Criteria; AST: As-
partate transaminase; ALT: Alanine transaminase; BUN: Blood urea nitro-
gen; Cr: Creatinine.

patients who died, 4 (44.4%) died of hepatic failure re-
lated to an advanced cirthotic condition. Only 1 of the 4
patients had hepatic failure in relation to therapy, and the
remaining patients died after loss to follow-up or the in-
cidence of another illness. Tumor progression and sepsis
were the causes of death in 2 patients each (22.2%). One
patient died of upper varix bleeding.

DISCUSSION

Many therapeutic modalities are available for the treat-
ment of HCC, such as hepatic resection, percutaneous
ethanol injection, RFA, TACE, radiotherapy and liver
transplantation'”, Among these therapies, TACE has
been the main treatment modality for the management
of unresectable or recurrent HCC. A randomized con-
trolled trial revealed that the median survival for patients
undergoing TACE was approximately 14 mo'™. However,
this treatment has not been useful in patients with PVTT
or large infiltrative HCC because of the potential risk of
hepatic failure resulting from ischemia"®'".

HAIC can be safely used in patients with impaired
liver function due to advanced HCC or underlying liver
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Figure 3 Kaplan Meier plot estimates of the overall survival and the progression-free survival according to the Child-Pugh classification and existence of
portal vein tumor thrombus. A: Kaplan Meier plot estimates of the overall survival (OS) to the Child-Pugh classification; B: Kaplan Meier plot estimates of the pro-
gression-free survival (PFS) according to the Child-Pugh classification; C: Kaplan Meier plot estimates of the OS according to existence of portal vein tumor thrombus

(PVTT); D: Kaplan Meier plot estimates of the PFS according to existence of PVTT.

cirrhosis because hepatic arterial blocking agents, such
as lipiodol or gelatin sponges, are not used in HAIC".
Thus, HAIC is not limited by tumor size, number, and/
or proximity to major vasculature, all of which are com-
mon contraindications to resection and/or ablation. In
addition, HAIC has several other advantages. For ex-
ample, in most cases, there is no need for the administra-
tion of antiemetics or exogenous hydration, which can
cause ascites ot peripheral edema. Moreover, the higher
first-pass hepatic extraction of infused drugs produces
elevated local concentrations with lower systemic expo-
sure, which results in fewer side effects than systemic
chemotherapy"”.

HAIC using 5-FU with cisplatin has been extensively
studied as a treatment for advanced HCC™""*, Ho
ever, the pharmacokinetics of 5-FU are not linear over
a hepatic extraction gradient of 19%-90%, and there are
decreases in both systemic clearance and hepatic extrac-
tion at higher doses, which reduce the selective regional
advantage™.

Intra-arterial FUDR, which is a metabolite of fluo-
rouracil, is preferable because it is associated with an
increased response rate due to its higher hepatic extrac-
tion (> 95%) and an intrahepatic concentration that is
more than tenfold greater than that of 5-FU, cisplatin,
mitomycin or doxorubicin""?. Therefore, FUDR is
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associated with decreased toxicity and improved sur-
vival through maximal tumor cell death. Despite these
advantages, regional chemotherapy using FUDR »iz an
implantable pump has rarely been studied in HCC, al-
though it has been studied extensively in patients with
liver metastasis from colorectal cancers > *". Therefore,
we hypothesized that the study of HAIC using FUDR
in patients with advanced HCC could yield significant
results.

In general, the prognosis is poor for patients with ad-
vanced HCC. Many studies have reported a median sur-
vival of 3-6 mo for unresectable and untreated HCC™.
Recently, a multinational phase IlI, randomized, double-
blind, placebo controlled trial was conducted to assess
the efficacy and safety of new therapeutic options in a
group of Asian-Pacific patients with advanced HCC ™.
The controlled trial reported a median OS and PES of
4.2 mo and 1.4 mo, respectively, in the patients without
treatment. Interestingly, most of the patients were clas-
sified as Child class A (Child class A: 220 and Child class
B: 6). Many studies of HAIC have reported good results
compared with those of untreated cases” . In the pres-
ent study, the response rate and the median survival time
of the 34 patients who wete treated with intra-arterial
FUDR wete 41.2% and 8.9 mo, respectively. Despite the
inclusion of patients who were classified as Child class
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C, the present outcomes are similar or better than those
observed in other studies.

Studies have clearly shown that survival times are
longer in patients with a good functional hepatic reserve.
Many studies have shown that a patient’s Child-Pugh
status significantly influences survival, which is consis-
tent with the present results™". The OS times of the
patients who were classified as Child class A, B and C
were 15.3 mo, 12.4 mo and 4.3 mo, respectively. Simi-
larly, the PFS times of the patients who were classified
as Child class A, B and C were 12.9 mo, 7.7 mo and 2.6
mo, respectively. Most other studies excluded patients
who were classified as Child class C because eatly re-
ports demonstrated poor outcomes in these patients and
no differences in survival between treated and untreated
groups™. The present study included patients who were
classified as Child class C if they demonstrated a desire
to receive therapy and had a relatively good performance
status. The nine patients in the present study who were
classified as Child class C had similar or slightly better
outcomes compared with untreated patients. Interest-
ingly, only 1 of the Child class C patients suffered from
a serious adverse event (i.e., hepatic failure). Compared
with other studies, the present study also showed rela-
tively good results in the patients who were classified as
Child class B.

Like the Child-Pugh classification, PVTT is a major
independent factor in the determination of a poor prog-
nosis in patients with advanced HCC"". The median
survival of untreated HCC with PVTT was reported to
be 2.7 mo™!. One study reported a median survival time
of 6 mo in patients with advanced HCC with PVTT (ex-
cluding Child class C patients) who received HAIC with
5-FU and cisplatin along with systemic chemotherapym.
In the present study, the median OS in the groups with
and without PVTT were 8.2 mo and 13.1 mo, respec-
tively, and this difference was significant. In addition,
the difference in the median OS times in the groups
with and without PVTT also demonstrated the relatively
good outcomes that were observed in the present study
compared with those of other studies (despite the inclu-
sion of Child class C patients with PVTT). The present
study showed that the presence of PVTT, the extent
of HCC, and hepatic function (as assessed by the Child
classification) were major predictors of survival. Indeed,
the present study demonstrated the significance of these
factors using multivariate analysis.

Treatment tolerability and patient quality of life are
also important when deciding therapies for advanced
cancers. Only 1 of the 34 patients in the present study
(2.9%) experienced progressive impaired hepatic func-
tion that justified the withdrawal of FUDR, and the ma-
jority of the patients demonstrated a relatively sustained
quality of life during the HAIC.

Several studies have reported the outcomes of HAIC
using FUDR in advanced HCC. One study investigated
the efficacy of HAIC using FUDR for 5 patients with
HCC and reported a response rate of 80% and a 1-year
survival rate of 100%™, In 2009, Jarnagin ef a/*” report-
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ed that HAIC with FUDR therapy could be effective
and safe in patients with unresectable primary liver can-
cer. They reported a response rate of 25% and a tumor
control rate of 62.5%. These two studies demonstrated
positive results of HAIC with FUDR for HCC; how-
ever, they only included 5 and 8 patients, respectively.
Compared with these two reports, the present study was
significant in that it included more patients and dem-
onstrated the efficacy and safety of HAIC with FUDR
even in patients with advanced HCC.

Sorafenib was the first systemic agent to be approved
for the treatment of advanced HCC. Both the Study of
Heart and Renal Protection trial, which was conducted
in Europe and North America, and an Asia-Pacific trial
showed that sorafenib prolonged the time to progression
by 1.4-2.7 mo and prolonged the OS by 2-3 mo”. In
the present study, the outcomes of HAIC with FUDR
were superior to treatment with sorafenib. In addition,
there are limitations to sorafenib therapy, namely its de-
creased efficacy over time (i.e., disease-stabilization for
only a few months) and potential side effects. Moreover,
the safety and efficacy of sorafenib in patients who are
classified as having Child class B or C cirrhosis remain
unclear. Many factors could eventually limit the potential
advantages of anti-angiogenic sorafenib effects. Several
mechanisms of tresistance to vascular endothelial growth
factor signaling-targeted therapy have been proposed,
and other pre-existing or distinct oncogenic signal-
ing pathways may begin to drive tumor growth during
therapy[35]. Recently, approaches to overcome resistance
to anti-angiogenic sorafenib therapy in advanced HCC
are being pursued. One of these approaches is the com-
bination of anti-angiogenic therapy and metronomic
chemotherapy to induce durable tumor shrinkage or dis-
ease stabilization in refractory cancer””. Therefore, the
combination of sorafenib and HAIC with FUDR may
be a promising therapeutic approach for advanced HCC.

The present study has several limitations. For exam-
ple, high doses of FUDR in HAIC can produce toxicity,
which results in a fibrotic narrowing of the bile ducts
that is similar to primary biliary sclerosis (up to 30% of
patients)[38]. The use of regional dexamethasone with
FUDR, however, can reduce hepatic toxicity. In some
studies, the biliary sclerosis rate was 3% or lower, and
the patient response rate and survival also improved with
the addition of dexamethasone””. None of the patients
in the present study had biliary sclerosis, which was likely
due to the inclusion of dexamethasone in our treatment
protocol.

Another limitation of the present study was that
FUDR had to be administered for 14 d with continuous
infusion, which might have been associated with poor
patient compliance. Hepatic drug uptake and metabolic
capacity can be saturated at high drug delivery rates™’.
Therefore, continuous hepatic arterial infusion is regard-
ed as the most effective means of delivery to maximize
the regional advantage. In the present study, all but one
patient continued therapy and showed relatively good
compliance.
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The final limitation of the present study was that
we did not use a randomized design (i.e., HAIC was not
compared with other therapeutic modalities). However,
the present study was the first formal attempt to test
HAIC using FUDR in patients with advanced HCC,
including patients with advanced cirrhosis. Importantly,
the present study demonstrated that survival was better
in patients who received HAIC with FUDR compared
with patients with unresectable tumors or in whom other
therapeutic modalities had been used unsuccessfully.

In conclusion, the present study shows that intra-
arterial FUDR chemotherapy is safe and effective for
patients with severely advanced HCC confined to the
liver for which other therapeutic modalities are ineffec-
tive, even in patients with advanced cirrhosis. Based on
these results, additional large prospective randomized
clinical trials should be performed to prove the efficacy
and safety of HAIC using FUDR. Eventually, HAIC us-
ing FUDR could be widely applied for the treatment of
advanced HCC.
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