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Hepatic arterial infusion in hepatocellular carcinoma: a single center experience

Bohuslav Melichar*, Josef Dvorak¢, Alexander Ferko®, Katerina Kamaradova, Antonin Krajina

Aim. The aim of the present study was to evaluate a single center experience with hepatic arterial infusion (HAI) in
patients with hepatocellular carcinoma.

Methods. A retrospective analysis of 20 patients treated for hepatocellular carcinoma between 1994 and 2007.
Results. Most patients were treated with an HAI of doxorubicin and cisplatin combined with 5-fluorouracil and folinic
acid. The response was not evaluable in the majority of patients, predominantly because of associated surgical pro-
cedure or because only one cycle of HAl was administered. The median progression-free survival was 7.7 months. The
median survival of all patients was 12.2 months (5-year survival 5%). Serious adverse events were observed in 5 patients,
and one patient died of liver failure in association with the administration of HAI.

Conclusion. The data show the limited efficacy of HAl in patients with hepatocellular carcinoma.
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INTRODUCTION er it has been demonstrated that the postulated theoretical
advantage of higher intratumoral drug concentration and
In contrast to East Asia!, the incidence of hepatocel-  lower toxicity indeed translates into superior outcomes
lular carcinoma (HCC) is relatively low in Western coun-  such as response rate, but it has been more difficult to
tries?. The liver is frequently involved in the metastatic =~ demonstrate an overall survival benefit. Consequently,
spread of tumors of different primary locations, and inthe  the use of HAI in colorectal cancer metastatic to the liver
West, liver metastases represent by far the most common  has always been somewhat controversial and has markedly
form of liver cancer. Some aspects of the management of  decreased with the advent of new targeted agents*. The po-
liver tumors, primary or metastatic, are similar across the  tential role of HAI in patients with other primary tumors
spectrum of primary sites. In general, the best results are  involving the liver is even less clear. Promising results
obtained with therapeutic procedures that are targeted  were reported in patients with liver metastases of uveal
to the liver, e.g. liver resection, radiofrequency ablation melanoma’® and patients with biliary tract carcinoma®.
or, in the case of HCC, liver transplantation®. Optimal ~ While chemoembolization, another liver-directed proce-
results with liver-targeted approaches are to be expected  dure targeting the vasculature, is a standard method in
in patients with disease limited to the liver. For obvious the management of patients with inoperable HCC based
reasons, patients with primary liver tumors are candidates  on the results of prospective trials indicating survival ben-
for a liver-directed approach more frequently than patients  efit’, the utilization of HAI in this setting is less frequent.
with tumors of other primary sites. Numerous studies on HAI in HCC have been reported
One therapeutic approach that has been studied ex- from East Asia, especially from Japan®?, but the expe-
tensively in patients with both primary and metastatic  rience with this approach in the Caucasian population
liver tumors is hepatic arterial infusion (HAI). HAI uses  of Western countries is very limited??2. The use of HAI
anatomical targeting of cytotoxic agents to achieve higher  is currently not recommended in therapeutic guidelines,
intratumoral drug concentration with less systemic toxic-  but this approach has been used in the past. We present
ity*. HAI has been best studied in patients with common  here a retrospective analysis of a single center historical
tumors metastatic to the liver, e.g. colorectal carcinoma.  experience with HAI in patients with HCC.
In patients with colorectal carcinoma metastatic to the liv-
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PATIENTS AND METHODS

A retrospective analysis was performed of all consecu-
tive patients with histologically verified HCC treated with
at least one course of HAI at the Faculty of Medicine
in Hradec Kralove, Charles University in Prague and
University Hospital Hradec Kralove, Czech Republic be-
tween December 1994 and April 2007. The patient charts
were searched for relevant information. Survival was evalu-
ated from the start of HAI to death. No patients were lost
to follow up. Since the staging classification of primary
liver tumor has changed repeatedly over the time during
which the patients in the present cohort were treated?,
all cases were restaged according to the Barcelona Clinic
Liver Cancer (BCLC) staging classification® to ensure
comparability of the results between individual patients.

HAI was administered through catheters with a subcu-
taneous port system implanted either surgically during an
open procedure or percutaneously, or through catheters
introduced via femoral artery by the Seldinger technique
as described earlier®. The regimens used included HAI
of folinic acid (50-150 mg bolus or short infusion) and
5-fluorouracil (400 mg/m?) for 2-4 h on days 1-5 every 4
weeks or, in one patient, on day 1 weekly; HAI of folinic
acid (50-200 mg bolus or short infusion), 5-fluorouracil
(750 mg/m?), cisplatin (25 mg/m?) and doxorubicin (15
mg/m?) for 3-24 h on days 1-3 every 3-4 weeks; or HAI of
folinic acid (50-200 mg bolus or short infusion), 5-fluo-
rouracil (750 mg/m?) and cisplatin (20 mg/m?) for 24 h
on days 1-3 every 4 weeks. Premedications that included
intravenous injection of a setrone antiemetic (usually
granisetrone), short infusion of dexamethasone (16 mg)
and adequate intravenous hydration were also adminis-
tered. Continuous 24-h administration of HAI was pos-
sible only during hospital stay, and in patients treated
on an outpatient basis the duration of HAI was shorter
(2-4 h). In a second- and third-line setting, HAI of inter-
feron-alpha2a (Roferon) 9 MU for 1 h 3 times a week,
interferon-alpha2b (Intron) 10 MU for slow bolus 3 times
a week, melphalan 15 mg/m? for 2 h, or dexamethasone 16
mg slow bolus 3 times a week were administered.

The response was evaluated by imaging studies us-
ing the standard World Health Organization criteria®.
Descriptive statistics were used to characterize the pres-
ent retrospective cohort of patients. Overall survival and
progression-free survival (PFS) were calculated using the
Kaplan-Meier method. The differences in survival were
examined using the log-rank test. The statistical analyses
were performed using NCSS software (Number Cruncher
Statistical Systems, Kaysville, UT, USA).

RESULTS

Twenty patients, 19 males and one female, aged (mean
+ standard deviation) 59+10 (range 44-76) years, with
histologically verified HCC were treated with at least one
cycle of HAI. All patients were Caucasians. Six patients
had BCLC stage A disease, 6 patients had BCLC stage B
and 8 patients had BCLC stage C tumors. Four patients
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had extrahepatic spread. Five patients had a surgical cy-
toreductive procedure immediately prior or shortly after
the start of HAI, including 3 patients in whom the sur-
gery was considered radical. Two patients had Child-Pugh
B liver cirrhosis, while the remaining 18 patients were
functionally of Child-Pugh A class. The median sum of
the largest diameters of evaluable lesions in patients with
unresectable tumors was 100 mm (range 40-260 mm);
the median number of lesions was 3 (range 1->10). All 3
patients with resected tumors had single lesion, median
of the largest diameter was 60 mm (range 40-65 mm).

The median time from diagnosis to the start of HAI
was 52 days. The catheters for HAI were implanted surgi-
cally in 11 cases. In 7 of these patients a course of HAI
was administered before the surgical implantation through
single-use catheter inserted by the Seldinger method. In
two cases permanent catheters were implanted percuta-
neously by an interventional radiologist. Seven patients
had HAI administered only through single-use catheters
inserted using the Seldinger method.

In the first-line setting, 14 patients were treated with an
HAI combination of doxorubicin, cisplatin, 5-fluorouracil
and leucovorin, 5 patients were treated with an HAI of
S-fluorouracil and leucovorin and one patient was treated
with an HAI combination of cisplatin, 5-fluorouracil and
leucovorin. The median number of cycles administered
in the first-line treatment was 4 (range 1-26). Six patients
were treated by only one course of HAI. The median daily
dose of 5-fluorouracil was 533 mg/m?, median daily dose
of cisplatin was 19 mg/m? and median daily dose of doxo-
rubicin was 15 mg/m?>. Stable disease as the best response
was observed in 7 patients, and progressive disease was
noted in 2 patients. The response was not evaluable in
11 patients, mostly because of prior surgical procedure,
or because only one course of HAI was administered.
Among the 9 patients with evaluable response, increased
(> 13 IU/mL) alpha-fetoprotein (AFP) was present and
subsequent response was evaluable in 6 patients (median
pretreatment AFP concentration 10471 IU/mL, mean =
standard deviation 50038+94675 IU/mL, range 22-240670
IU/mL). Among these 6 patients, AFP increased after
therapy (by 119% and 991%) in two patients who were
classified as having stable disease, and decreased by a
median of 63% (range 26-98%) in the remaining 4 pa-
tients, including 3 patients with stable disease and one
patient with progressive disease (in two patients after a
transient surge). In the patient with progressive disease,
AFP decreased by 26% after an initial surge, but increased
by 189% compared to baseline 6 weeks after the nadir. In
an additional patient whose response was not evaluable
because only a single course of HAI was administered
AFP decreased by 88%, and the decrease continued dur-
ing subsequent systemic therapy.

Four patients were treated with a second-line HAI
regimen, including two patients treated with an HAI of
interferon-alpha, one patient treated with HAI of dexa-
methasone and one patient treated with an HAI of cispla-
tin, 5-fluorouracil and leucovorin. The third line regimen
was administered in 3 patients, including one patient
treated with an HAI of melphalan, one patient treated
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with an HAI of dexamethasone and one patient treated
with an experimental therapy (adoptive immunotherapy
using autologous cultured leukocytes). None of the pa-
tients responded to second or third line HAI therapy.
Eight patients received further systemic therapy.

Serious adverse events that required hospitalization
occurred in 5 patients. In three of these patients the
course was complicated by catheter occlusion, includ-
ing one patient who also had grade 3 thrombocytopenia.
One patient had febrile neutropenia, and one patient with
Child-Pugh B cirrhosis died of liver failure after HAIL This
death was the only fatal event associated with the admin-
istration of therapy.

At the time of the analysis, all patients had progressed
and died. The median PFS was 7.7 months (1-year PFS
20%, 2-year PFS 15%, 3-year PFS 5%, 4-year PFS 5% and
5-year PFS 5%; Fig. 1). The median overall survival of
all patients was 12.2 months (1-year survival 55%, 2-year
survival 20%, 3-year survival 10%, 4-year survival 5% and
S-year survival 5%; Fig. 1). The PFS and overall survival
in patients who had cytoreductive surgery immediately
prior or shortly after the start of HAI (7.5 months and
10.3 months, respectively) were not significantly different
from patients who had no surgical cytoreductive proce-
dure (10.0 months and 12.9 months, respectively). The
PFS (median 8.9, 10.4 and 5.7 months, respectively) and
overall survival (median 16.9, 20.3 and 10.9 months, re-
spectively) were not significantly different from patients
with BCLC stage A, B and C.

DISCUSSION

The results demonstrate the limited efficacy of HAI
in HCC. While comparison of results across studies is
inherently problematic, the median survival from the
start of therapy of 12 months in the present cohort is
generally comparable to the reported survival of patients
treated with targeted therapy or chemoembolization?*?’.
Moreover, the results obtained in the present small cohort
of Western patients are similar to the outcomes reported
with HAI in HCC patients from the East®*!*!¢. The re-
sponse rate in most patients in the present cohort was
not evaluable. Therefore survival, rather than objective
response rate, was the principal parameter of efficacy
evaluated in the present retrospective study. The survival
data are definitive in the present cohort and overall sur-
vival represents the best estimate of treatment efficacy in
a patient population that was selected less strictly than
in a prospective clinical trial. Objective response and pro-
gression-free survival, although frequently used in clinical
trials, are only surrogates for overall survival.

Because HCC is a relatively uncommon tumor, and
associated liver cirrhosis often precludes administration
of chemotherapy, the data on the efficacy of cytotoxic
agents, both administered systemically or as HAI, are rela-
tively limited compared to other tumors. The efficacy of
systemic chemotherapy is, in general, considered to be
limited?®. Among vascular liver-directed therapeutic meth-
ods, chemoembolization has been the approach used by
far most widely in HCC in Western countries?’, while the
use of HAI dominated in East Asia'’. However, even in
Japan before the advent of targeted therapy generally less
than 5% of HCC patients were treated with HAI (ref.").

Survival (%)

60 72 84 96

Time (months)

108 120

Fig. 1.

Progression-free survival (full line) and overall survival (dashed line) of patients in the present cohort. Shown is the

progression-free survival (median 7.7 months; full line) and overall survival (median 12.2 months; dashed line) of patients with

HCC treated with HAI in the present cohort.
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Although more prospective studies are available support-
ing the use of chemoembolization’, a recent randomized
clinical trial reported similar efficacy of HAI compared
to chemoembolization'®. On the other hand, the efficacy
of HAI in patients progressing on chemoembolization
seems to be limited'.

While the experience with HAI in the West is lim-
ited?'?2, many studies on HAI have been reported from
East Asia, especially Japan. A number of prospective tri-
als and retrospective series have reported the results of
HAI in Asian patients with hepatocellular carcinoma®’.
The efficacy and tolerance of HAI in Asian HCC pa-
tients has also been reviewed recently!®'*?. Despite the
fact that different cytotoxic agents have been used across
the spectrum of different primary tumors, 5-fluoro-2'-de-
oxyuridine (floxuridine) has been traditionally regarded as
an optimal agent for HAI. However, the experience with
floxuridine in HCC is more limited’. In addition to fluo-
ropyrimidine (mostly 5-fluorouracil) monotherapy?, the
combination of 5-fluorouracil and cisplatin has been the
most commonly used HAI regimen in HCC (ref 3!416.17.20)
The efficacy of HAI of 5-fluorouracil/cisplatin combina-
tion seems to be higher than HAI of 5-fluorouracil alone!.
Both an HAI of 5-fluorouracil and 5-fluorouracil/cisplatin
combination have been combined with systemic interfer-
on-alpha'220303! Moreover, higher dose of cisplatin and
S-fluorouracil administered as HAI results in increased
response rate?. The use of anthracyclines, mitomycin C
and etoposide has also been reported in HAI regimens in
HCC (ref.'>??). In a retrospective analysis comparing the
outcomes of 476 patients treated with HAI with 1466 pa-
tients who did not receive any active therapy, survival was
reported to be significantly prolonged in patients treated
with HAI (ref.'). Significant survival benefit was still evi-
dent when patients treated with HAI were matched with
untreated patients using propensity score.

Following the demonstration of survival benefit
over placebo?, sorafenib rapidly became established as
the standard of care for patients with inoperable HCC.
However, the efficacy of sorafenib is limited, with the
median progression-free survival being around 5 months,
and there remains an unmet medical need for additional
effective therapies for HCC. Moreover, the considerable
cost of the medication may limit the use of sorafenib,
especially in low-income populations. Of note, HAI has
been reported to be active in patients failing sorafenib3>33,
while the activity of sorafenib has also been described in
patients progressing on HAI (ref.**). Thus, even in the
era of targeted therapy, HAI may still be an option to be
considered in selected patients with disease limited to
the liver and progressing on sorafenib. In fact, in a small
comparative study the outcome of patients treated with
HAI using the combination of cisplatin and 5-fluorouracil
was comparable to sorafenib®. Obviously, the pilot experi-
ence with HAI in patients pre-treated with sorafenib will
require additional confirmatory studies.

The toxicity of systemic anticancer therapy, e.g. gas-
trointestinal toxicity induced by cytotoxic drugs®, and
side effects accompanying the administration of targeted
agents’’have major impact on the quality of life. Some
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side effects may be less expressed with HAI compared
to systemic therapy. It has been demonstrated in patients
with metastatic colorectal carcinoma that HAI is associ-
ated with improved quality of life’®. On the other hand,
HAI may result in increased hepatotoxicity. Although liver
toxicity of agents administered as HAI is in most cases
limited, liver cirrhosis that is present in most HCC pa-
tients increases the risk of severe liver toxicity. Although
HAI was well-tolerated in most patients treated in the
present retrospective cohort, in individual patients, severe
toxicity linked to HAI was observed, including one case of
lethal toxicity that was caused by liver failure in a patient
with Child-Pugh B liver cirrhosis.

The present report has several limitations, including
small size of the cohort and its retrospective nature. In
addition, an important proportion of the patients received
only one course of HAI or had extrahepatic metastases.
Thus, the effect of HAI may have been attenuated in the
described retrospective cohort of patients because of
inclusion of patients who were not optimal candidates
for this therapy. Moreover, the patients might have been
under-staged. Thus, it is not surprising that slightly bet-
ter results were observed in some more strictly selected
cohorts of patients enrolled in prospective studies of HAI
in HCC. On the other hand, the present series reflects the
real world practice of a relatively rarely used treatment in
a disease that is also relatively rare. The standard of care
has evolved since the patients in the present series were
treated. Patients treated with HAI in the present series
included those who had undergone liver resection. The
benefit of adjuvant therapy was a matter of debate at the
time, but these patients were perceived to be at high risk
of recurrence. In fact, the disease recurred shortly in all 3
patients treated with radical resection. With the availabil-
ity of positron emission tomography/computed tomogra-
phy (PET/CT) extrahepatic disease may be more reliably
identified before the start of treatment, resulting in better
patient selection, offering potentially better results in the
future. Similarly, other patients with BCLC stage A and
B would have now been probably managed differently.

Predictive biomarkers play an increasingly important
role in medical oncology®, but, unfortunately, there is cur-
rently no information on clinical, pathological or labora-
tory predictive factors and/or biomarkers that might help
in identifying HCC patients likely to benefit from HAL
One important set of biomarkers is associated with the
immune response. The immune system plays an impor-
tant role in the control of malignant tumors. It has been
documented that the systemic immune activation that is
commonly observed in patients with advanced cancer*
is associated with depressed immune response**?, and
effective tumor control may enhance the host antitumor
response. As mentioned above, in HCC patients the HAI
of cytotoxic agents has been frequently combined with
the administration of interferon-alpha'>. Moreover, im-
munotherapy has also been studied in HCC, including
the administration of immunotherapeutic agents as HAI
(ref.#4). Future studies should also investigate whether
the HAI of cytotoxic agents suppresses the host immune
response to a lesser extent than systemic chemotherapy.
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In conclusion, the results indicate the limited efficacy

of HAI in HCC patients. HAI may still be a therapeutic
option in patients with inoperable HCC and no extrahe-
patic spread.
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