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Abstract

Aim: The aim of this study is to evaluate the safety and efficacy of hepatic artery infusion (HAI) of 5-fluorouracil (5FU) for patients with
liver metastases from colorectal carcinoma after radiological placement of infusion catheters.

Methods: Forty-two patients with liver metastases from colorectal carcinoma received radiological placement of infusion catheters using the
distal fixation method. They received continuous HAI of 5FU 10001500 mg for 5 h weekly or biweekly. Tumor status was assessed by
chest-abdominal computed tomography (CT) scan after every 10 infusions. Hepatic perfusion was checked by CT arteriography via the
infusion port after every 10 infusions.

Results: Radiological placements of catheters were performed successfully in all cases. Each patient received an average of 36 treatments
(range: 10—98). Catheter failure was found in 3 patients (7.1%). Nine incidents of grade 1 toxicity were observed in 8 patients (19.0%).
There was a complete response in 6 patients, partial remission in 18, stable disease in 9, and progression of disease in 9 (response rate:
57.1%). Overall median survival time was 29.1 months. Using Cox’s proportional hazard model, lymph node metastases in primary colo-
rectal carcinoma and pre-treatment serum CEA affected overall survival (P = 0.011, P = 0.005).

Conclusions: HAI after radiological placement of infusion catheters is a safe and effective treatment particularly for patients with no lymph

node metastasis in primary carcinoma or with a low pre-treatment serum CEA level.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Median survival time; Response rate; Toxicity; CEA; Lymph node metastases; Arteriography; Infusion port; Distal fixation method

Introduction

Hepatic metastasis is one of the serious events that deter-
mine the prognosis of patients with advanced colorectal
carcinoma. Surgical resection alone can result in significant
prolongation of survival in patients with favorable prognos-
tic factors. The 5-year survival rate of patients who under-
went resection of hepatic metastases was reported to be
30% to 40%."” Chemotherapy is used to treat hepatic me-
tastases in colorectal carcinoma patients when surgical
resection cannot be performed. A number of phase 3 clini-
cal trials have reported median survival times of nearly

* Corresponding author. Tel.: +81 276 380 771; fax: +81 276 388 386.
E-mail address: shinsame@gunma-cc.jp (S. Sameshima).

0748-7983/3% - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.j50.2007.02.012

20 months using combination chemotherapy with 5-fluoruracil
(5FU), leucovorin (LV), oxaliplatin or irinotecan for meta-
static colorectal carcinomas.>~> However, these systemic
chemotherapy regimens cause a higher incidence of clini-
cally significant toxicities and make it difficult for patients
to continue with treatment.

Randomized trals evaluating hepatic artery infusion
(HAI) therapy for the treatment of unresectable hepatic me-
tastases have demonstrated higher response rates
(31%—50%) than those achieved with systemic chemother-
apy (8%—20%), but no survival benefit was reported.®”’
HAI offers a means for achieving high drug concentrations
in liver metastases and low concentrations systemically.®
HAI results in a high response rate for local control and
is associated with a very low incidence of toxicities.” In
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order to obtain a sufficient therapeutic effect, HAI should
be continued successfully without catheter failure. In
most HAJ studies, catheter placements were performed sur-
gically. When placed surgically, catheter problems can re-
sult, which is one of the reasons why HAI was previously
unsuccessful for improving survival. In 1992, a new radio-
logical technique was developed in which a side-hole cath-
eter is placed in the hepatic artery with the tip fixed in the
gastroduodenal artery.'® With this technique, the risk of
catheter failure and toxicity is reduced. It has also been re-
ported that computed tomography (CT) arteriography via
the infusion port is useful for detecting hepatic perfusion
abnormalities during HAL'!

Although hepatic metastases respond well to HAI treat-
ment, extra-hepatic metastases or recurrence often appear
and are important factors for defining the prognosis of
HAlI-treated patients. Since peripheral venous concentra-
tions of 5FU are lower and plasma clearance rates are
higher following HAI compared with a similar dose admin-
istered by intravenous infusion, HAI is less effective for
controlling extra-hepatic metastases.'> To maximize the
therapeutic efficacy of HAI, patients who can benefit
more from HAI than from systemic chemotherapy should
be selected. However, prior studies of HAI have not identi-
fied the patient types for which HAI is indicated.

We placed infusion catheters for HAI radiologically in
patients with liver metastases from colorectal carcinomas
using the distal fixation method. Hepatic perfusion was
checked by CT arteriography via the infusion port periodi-
cally. We administered SFU by HAI as first-line therapy
and examined the clinical safety and efficacy of HAI treat-
ment. We also examined the status of liver metastases and
the clinicohistological features of the primary colorectal
carcinomas of HAI-treated patients in order to identify can-
didates most likely to benefit from HAI therapy.

Patients and methods
Patients

We included patients with liver metastases from colorec-
tal carcinomas which were confirmed histologically. Their
primary colorectal carcinomas were resected surgically be-
tween January 1998 and September 2005. Patients with
extra-hepatic metastases, defined as pulmonary metastases
or local recurrence, were excluded. Forty-two patients
met the criteria and were enrolled in the study. Informed
consent was obtained from all patients. HAI was started be-
tween November 1999 and October 2005. Response and
survival rates were monitored for all patients.

Procedure of catheter placement
Catheter placements. in the hepatic artery were done

radiologically by interventional radiologists. The side-hole
catheters were placed using the distal fixation method.'®

The gastroduodenal artery and right gastric artery were
embolized radiologically with coils before the catheter fix-
ation. The tip of the catheter was fixed into the gastroduo-
denal artery and the side hole was placed in the common
hepatic artery. The catheter was inserted via the right
femoral artery and connected to the infusion port (Infuse-
a-Port, Strato Medical Corp., Beverly, MA, USA). The
port was implanted in the subcutaneous space.

Procedure of HAI

HAI treatment was performed weekly or biweekly at an
outpatient chemotherapy room. 5FU (1000~ 1500 mg) was
dissolved in 200 ml of physiological saline and packed into
a portable infusion pump (INTERMATE LV 50 mi/h;
Baxter Healthcare Corp., Deerfield, IL, USA). Before every
injection, the catheter and the port were flushed with 5 ml
saline. HAI was performed continuously for 5 h. The cath-
eter and the port were filled with 5000 units of heparin after
each infusion. Hepatic perfusion was assessed by CT arte-
riography via the infusion port after every 10 infusions.
The treatments were discontinued when the therapeutic re-
sponse was judged as progressing disease (PD) or catheter
failure. National Cancer Institute Common Toxicity Crite-
ria (NCI-CTC) version 2.0 was used to assess toxicity.'?

Clinical response evaluation

Patients scheduled for HAI received a chest-abdominal
CT scan before the start of treatment. Tumor status was as-
sessed by chest-abdominal CT scan after every 10 infu-
sions. The therapeutic response was evaluated according
to RECEIST guideline.'* Serum carcinoembryonic antigen
(CEA) levels were also measured before treatment and after

every 10 infusions.

Survival and statistical analysis

Actuarial survival curves were computed by the Kaplan—
Meier method. The survival rate results among the subgroups
were analyzed by log-rank analysis. Cox’s proportional haz-
ard model was used to analyze differences in risk factors for
survival using SPSS software version 14.0.

Results
Patients and treatments

Forty-two patients with liver metastases from colorectal
carcinomas were enrolled for HAI treatment. The charac-
teristics of the patients are shown in Table 1. Catheter
placements in the hepatic artery and HAI treatments were
performed successfully in all cases.

Each patient received an average of 36 treatments
(range: 10—98). CT arteriography via the infusion port
showed hepatic artery occlusion after 18 or 29 infusions
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Table 1
Patients characteristic

Characteristic No. of Characteristic No. of patients
i .

patients
Sex pTNM of primary colorectal carcinoma
Male 27 pT
Female 15 pTl 0
Age (average)  65.8 pT2
Onset of liver metastases pT3 39
Synchronous 26 pT4 3
Metachronous 16 pN
Previous hcpatéctomy pNO 12
Yes 3 pN1 16
No : 39 pN2 14
No. of liver metastases pM
<4 27 pMO 16
5< <9 7 pM1 26
>10 8 Histology of primary colorectal carcinoma
Serum CEA level Well 13
<50 23 Moderate 26
50< <300 8 Poorly 2
>300 11 Mucinous 1

in 2 patients, angd displacement of the catheter from the he-
patic artery in 1 patient. These 3 patients (7.1%) discontin-
ued the treatment. Collateral circulation. from the right
inferior phrenic artery to the liver was detected in 3 pa-
tients. They were embolized by coils radiologically in order
to correct the intra-hepatic perfusion of SFU and the treat-
ments were restarted.

Toxicity

Nine incidents of grade 1 toxicity were observed in 8
patients. No grade 2—4 toxicity was observed. The rate of
chemotherapy-related toxicity due to HAI was 19.0% (8/42).

Therapeutic response rate to HAI

We evaluated the therapeutic response to HAI by CT
scanning according to RECEIST guidelines. Complete re-
sponse (CR) in 6 patients, partial remission (PR) in 18 pa-
tients, stable disease (SD) in 9 patients, and PD in 9 patients

- Were observed. The overall response rate was 57.1%. Extra-
hepatic metastases appeared in 22 patients and in these
cases HAT was switched to systemic chemotherapy.
In relation to lymph node involvement in primary colo-
rectal carcinoma, the response rate was 66.7% in pNO,
'50.0% in pN1, and 57.1% in pN2. The differences between

groups were not statistically significant. No significant dif-
. ferences in the response rate were observed in relation to
- the histology of primary carcinomas or pre-treatment serum
“CEA levels. Thirty-three of 42 patients showed elevated
. (>5.0ng/ml) serum CEA levels prior to treatment. A
+:CEA decline of 50% or more in patients who had increased

 baseline CEA levels was observed in 26 patients (78.8%).

Survival of patients treated by HAI

The overall median survival time (MST) was
29.1 months. We examined survival rates in relation to
lymph node involvement in primary colorectal carcinoma.
MST was 50.1 months in pNO and 23.2 months in pN1-2.
The survival rate in patients with pNO was significantly
higher than in patients with pN1 or pN2 (P =0.011)
(Fig. 1). The survival curves did not differ significantly in
relation to the number of hepatic metastases prior to treat-
ment (P = 0.60). We also examined MST in relation to pre-
treatment serumn CEA levels. MST was 36.3 months in
patients with serum CEA <50 ng/ml and 24.1 months in
patients with serum CEA >50 ng/ml (P = 0.01). No signif-
icant difference was observed between the subgroups of pa-
tients with synchronous and metachronous liver metastases
(P = 0.33). Furthermore, the histological features of the
primary carcinoma did not differ significantly between
the subgroups. Multivariate analysis showed lymph node
metastases of primary colorectal carcinoma (pN) and pre-
treatment serum CEA to be significant risk factors (P =
0.017 and P = 0.004, respectively) (Table 2).

Discussion

HAI and systemic chemotherapy for liver metastases
Sfrom colorectal carcinomas

We administered SFU by HAI in patients with liver me-
tastases from colorectal carcinoma after radiological place-
ment of infusion catheters using the dista] fixation method.
The overall response rate and MST were better than those of
the systemic chemotherapy reported. Prior studies of Sys-~
temic chemotherapy included patients who had extra-hepatic

100
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Figure 1. Survival curves according to pN stage of primary colorectal car-
cinoma. Significant differences were seen between pNO and pNI
(P < 0.001) and between pNO and pN2 (P < 0.001).
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Table 2

Multivariate analysis of risk factors for overall survival

Risk factor Hazard ratio 95% CI P value
pNO vs. pN1-2 4.50 1.31-15.47 0.017

Serum CEA <50 vs. >50 3.67 1.42-949 0.004

metastases or recurrences, and these patients had a worse
prognosis than patients with hepatic metastases only. It is
difficuit to compare these results with our study, which
did not include cases with extra-hepatic metastases. Kerr
and associates reported a multicenter, randomized trial of
HAI versus intravenous SFU and LV for colorectal carci-
noma liver metastases.> There was no significant differ-
ence in MST or progression-free survival. However the
HAI group received a median of only 2 cycles, because
of catheter failure, compared with 8.5 cycles for the intra-
venous group. Recently, Kemeny and associates reported
the results of a randomized trial comparison between HAI
using floxuridine and systemic chemotherapy using 5FU
and LV.*® Overall survival was significantly longer for
HAI versus systemic treatment (median, 24.4 v 20 months).
The median number of cycles received was 3 and 4 for the
HAI and systemic arms, respectively. In cases where cath-
eters are placed accurately and maintained without failure,
the therapeutic response to HAI was deemed to be prefera-
ble for the treatment of liver metastases.

Successful HAI with new techniques

" In order to continue HAI successfully without catheter
failure, it is essential for interventional radiologists to be
highly skilled in performing the procedure. When inserting
the catheter, the branch vessels of the hepatic artery should
be embolized accurately.” Otherwise, 5FU can flow into
the stomach or pancreas and cause toxicity, such as nausea
and vomiting, which can lead the physician to discontinue
treatment. CT arteriography via the infusion port is useful
for detecting abnormal perfusion during HAI. Collateral cir-
culation from extra-hepatic vessels to the liver during HAI
should be also embolized radiologically in order to correct
for variations in intra-hepatic perfusion of 5FU.!® The radio-
logical placement of the catheter and careful follow-up using
CT arteriography are essential for maintaining safe HAL

Prognostic factors of HAI

MST was influenced by lymph node metastases of the
primary colorectal carcinomas. Since HAI does not control
extra-hepatic metastases, patients with lymph node metas-
tases are not ideal candidates for HAI treatment but can
be treated with systemic chemotherapy. Elevated CEA
levels are indicative of advanced-stage liver metastases,
as suggested by our finding that CEA levels influenced
MST. The response rate was not influenced by histological
features or lymph node metastases of primary colorectal

carcinomas in our study. Also, the response rate was not
influenced by the synchronous/metachronous status of liver
metastases, the number of hepatic metastases, or pre-
treatment serum CEA levels. It has been reported that
enzymes involved in SFU metabolism, such as thymidine
synthase and dihydropyrimidine dehydrogenase, are impor-
tant predictors of the therapeutic efficacy of SFU.!%20

Indications for HAI

In this study, we demonstrated that patients with pNO in
primary colorectal carcinoma or a lower serum CEA level
before treatment exhibited the longest MSTs. These pa-
tients, therefore, are suitable candidates for HAI therapy.
Because HAI resulted in a very low toxicity rate, it can
be applied as second-line therapy for patients who have dis-
continued systemic chemotherapies due to toxicity but still
have life-threatening liver metastases. In order to maximize
the therapeutic effectiveness of HAI, it is important to con-
tinue HAI with well-controlled delivery of 5FU without
catheter failure or toxicity.

Improvement of HAI

In order to improve the therapeutic efficacy of HAI, new
approaches are developing in 2 directions. One of these ap-
proaches involves the use of new therapeutic agents.?' New
combinations of 5FU, folinic acid, and interferon-o have
been used with HAI and high tumor response rates have
been reported.”* The other approach involves the use of
HAI and systemic chemotherapy in combination.?* Adjunc-
tive systemic chemotherapy can compensate for one of the
weakness of HAI i.e., HAI is completely ineffective for the
treatment of extra-hepatic metastases. However it has been
reported that combined treatment with HAT and systemic
5FU did not improve survival compared with systemic fluo-
rinated pyrimidine.* Further studies are needed to evaluate
the effect of HAI and systemic chemotherapies in
combination.
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