
Abstract. Hepatic arterial infusion chemotherapy (HAIC)
combined with sorafenib is considered to be a promising
therapeutic strategy for patients with advanced
hepatocellular carcinoma. However, this combination
therapy carries the risk of hepatic arterial thrombosis (HAT),
which interrupts the continuation of HAIC, due to the side-
effects of sorafenib. This case demonstrates a complication
of HAT which occurred during HAIC combined with
sorafenib. HAT was detected early by angiography via an
implantable port-catheter system and was successfully
treated with catheter-directed thrombolysis. 

Recently, sorafenib (Nexavar®; Bayer Pharmaceuticals
Corporation), an oral multikinase inhibitor that targets RAF
serine/threonine kinases, vascular endothelial growth factor
receptors (VEGFR) 1-3, platelet-derived growth factor
receptor, FLT-3, c-KIT, and p38 tyrosine kinases (1), has
become a standard treatment for advanced hepatocellular
carcinoma (HCC). However, the outcome of patients treated
with sorafenib-alone is limited. Response rates of 2% and
median overall survival (OS) of 10.7 months have been
reported (2). Hepatic arterial infusion chemotherapy (HAIC)
using an implantable port-catheter system is a promising
regional treatment, with response rates of 20-48% for
advanced HCC (3). Therefore, HAIC combined with
sorafenib could be expected to have therapeutic advantages
compared with sorafenib monotherapy.

The patency of the hepatic artery is vital in order to allow
for repeated HAIC. However, arterial thrombosis is a
complication associated with the use of VEGF inhibitor and

the combination of the VEGF inhibitor with other systemic
chemotherapies increases the complication rate of thrombosis
(4). Implantation of a catheter in the hepatic artery and
continuous arterial chemoinfusion would increase the risk of
hepatic arterial thrombosis (HAT). Therefore, it is important
to be fully aware of the possibility of this critical side-effect
occurrence and to know how to manage this complication,
when combination therapies with continuous HAIC and
sorafenib are administered.

To date, there have been only two case reports regarding
the use of continuous HAIC via an implantable port-catheter
system combined with sorafenib (5, 6). To our knowledge,
our report is the first describing the complication of HAT due
to this combination therapy. 

Case Report

A 65-year-old male with multiple HCCs, which had been
uncontrollable with transcatheter arterial chemoembolization,
underwent HAIC. An anticoagulant-coated tapered 5-F side-
holed catheter (W-Spiral catheter; Piolax Medical Devices,
Tokyo, Japan) was inserted into the left hepatic artery and
the side hole was positioned in the proper hepatic artery
(Figure 1a). The proximal end of the catheter was connected
to an implantable port (Celsite Port; Toray Medical, Tokyo,
Japan) that was embedded subcutaneously. The
administration schedule of anticancer drugs was the
following low-dose 5-fluorouracil (5-FU)-cisplatin (LFP):
continuous 5-FU at 1250 mg for 5 days every week
combined with low-dose cisplatin at 5-10 mg on days 1 to 5
for 30 min. Two months after the initiation of LFP therapy,
the tumors had completely disappeared.

Even though LFP therapy was continued with the bi-
weekly administration schedule as maintenance therapy,
HCCs developed again after 1.5 years (Figure 1b). At the
time, the patient had a high performance status and good
liver function (Child-Pugh A). Therefore, we decided to
change the LFP therapy to sorafenib monotherapy (400 mg
twice daily). However, the sorafenib monotherapy was not
effective and the tumors increased in size (Figure 1c). Thus,
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we started combination chemotherapy of sorafenib (200 mg
twice daily) and bi-weekly LFP therapy. The patency of the
hepatic artery was confirmed at the initiation of the
combination therapy. 

Computed-tomography for the evaluation in the first
month after the combination therapy demonstrated tumor
reduction. However, hepatic arterial occlusion, due to a
thrombus, was found on the digital subtraction arteriography
(DSA) via the implantable port-catheter system (Figure 1d).
HAIC was consequently stopped and sorafenib monotherapy
(400 mg twice daily) was continued. However, after four
weeks, the tumors remarkably increased in size again.

We considered that HAIC was necessary to suppress the
tumor growth. Therefore, two days after the termination of
administration of sorafenib, catheter-directed thrombolysis
(CDT) was attempted in order to recanalize the hepatic artery.
Urokinase (10,000 U/h) was continuously infused through the
implantable port-catheter system. Simultaneously, heparin was
given intravenously at a dosage of 500 U/h. The activated
partial thromboplastin time was monitored to maintain the
value between 1.25 and 1.5 times in order to adjust the heparin
doses. Four days after the initiation of the thrombolysis, DSA
demonstrated that the HAT had almost disappeared (Figure
1e). HAIC alone was successfully re-started, and currently the
tumors have been controlled for 6 months without the
recurrence of HAT.

Discussion

Recent reports have suggested the combination therapy of
sorafenib with other anticancer treatments to enhance
therapeutic efficacy. Yang et al. reported a case in which the
combination therapy of sorafenib and continuous HAIC
successfully treated advanced HCC with portal vein tumor
thrombosis (6). In our case, it is of interest that the
combination therapy was effective even after the failure of
each monotherapy using HAIC and sorafenib. Several
previous pre-clinical and clinical studies showed the
synergistic antitumor activity of 5-FU combined with
sorafenib (7). Qun et al. reported a case similar to ours in
which HAIC of 5-FU combined with sorafenib demonstrated
effectiveness for cholangiocarcinoma which had been
resistant to HAIC monotherapy (5). 

Previous phase II studies showed that the LFP regimen
using an implantable port-catheter system achieved high
tumor response rates in patients with HCC. Recently, in
Japan, a randomized controlled trial (SILIUS trial: LFP
therapy alone versus LFP combined with sorafenib) was
started (8). In the future, greater worldwide attention will be
drawn to the effective use of the combination of HAIC with
sorafenib in the treatment of patients with HCC. 

Caution must be taken in regards to HAT, when
continuous HAIC using an implantable port-catheter system

is combined with sorafenib. Arterial thrombus is a critical
complication related to sorafenib use. The mechanism of
thrombosis due to VEGF inhibitor is the result of the
multiplicity of actions of VEGF on vascular walls and
components of the coagulation system. Inhibition of VEGF
reduces the regenerative capacity of endothelial cells and
increases hematocrit and blood viscosity via overproduction
of erythropoietin (9).

It has been reported that hepatic arterial occlusion during
HAIC via an implantable port system is usually caused by
the following: firstly, mechanical stimulation of the catheter
tip against the arterial intima, and secondly, vascular
endothelial injury by anticancer agents. The hepatic arterial
patency rate has been reported to be 91% at 6 months (10).
We considered that, in our case, the hepatic arterial occlusion
was mainly related to the combination of HAIC and
sorafenib, because hepatic arterial occlusion had not
appeared during previous monotherapies using either HAIC-
or sorafenib-alone, and the thrombus appeared early after the
initiation of the combination therapy. In addition, the
angiography showed unusual floating clots in the hepatic
artery, which was a different finding from the usual hepatic
arterial occlusion. HAIC monotherapy after the
recanalization of the hepatic artery was conducted without
further hepatic arterial occlusion. It is highly possible that
HAIC escalated the thrombogenicity due to sorafenib.

HAIC monotherapy management requires angiography via
an implantable port-catheter system to check the hepatic
arterial flow, which is usually conducted every three months
(10). Due to the high possibility of HAT, examinations at
shorter intervals are required in combination therapy of
HAIC and sorafenib. In our case, the first DSA was
performed four weeks after the initiation of the combination
therapy, and consequently, asymptomatic hepatic arterial
occlusion was detected earlier.
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Figure 1. a: Digital subtraction angiography (DSA) via an implantable
port-catheter system, before hepatic arterial infusion chemotherapy,
demonstrated multiple tumor stains of hepatocellular carcinoma (HCC).
The catheter tip (white arrow) was introduced deeply into the left
hepatic artery and the side hole (white arrow head) was positioned in
the proper hepatic artery. The right gastric artery was embolized with
the metallic coils (black arrow). b: DSA obtained 1.5 years after the
initiation of the combination therapy demonstrated the recurrence of
HCC. c: DSA obtained three months after sorafenib monotherapy
demonstrated that HCC had increased in size and the hepatic artery
was patent. d: DSA obtained one month after the initiation of the
combination therapy of hepatic arterial infusion chemotherapy and
sorafenib, demonstrated arterial occlusion and floating clots (arrows)
in the proper hepatic artery. e: DSA after catheter-directed thrombolysis
with urokinase demonstrated the recanalization of the hepatic artery.
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It is well-known that sorafenib has another critical side-effect,
that of hemorrhage (2). Severe gastric and brain hemorrhages
due to sorafenib monotherapy have been reported (11, 12).
Therefore, in our case, urokinase and heparin were not used
as an initial treatment of the HAT. However, after the tumors
re-increased in size, we determined that we had to administer
urokinase and heparin in order to be able to continue HAIC.
Two days before the start of urokinase and heparin
administration, sorafenib was stopped, because sorafenib has
a half-life of 25 to 48 h. In addition, we infused urokinase
through the implantable port-catheter system. Several articles
reported that CDT had a higher recanalization rate and a
lower hemorrhagic rate compared with intravenous
thrombolysis (13). The advantages of continuous infusion of
urokinase compared with bolus injections were also reported. 

As a preventive strategy with the combination of HAIC
and sorafenib, concurrent anti-coagulation therapy during
this combination therapy may be useful. However, caution
must be taken regarding the side effect of hemorrhage.

In conclusion, this case report is the first regarding the
critical complication of acute HAT, occurring during the
combination therapy of HAIC and sorafenib. Two important
points should be noted. Firstly, the short-interval angiography
via the implantable port-catheter system was useful in
detecting HAT early. Secondly, CDT via the implantable port-
catheter system was successful at recanalizing the hepatic
artery and enabling HAIC to continue.
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