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{7]. In the results, SN-38 concentrations were on average
33% higher in patients receiving bolus IFL in combina-
tion with BV compared with bolus IFL alone. But it might
be caused by an imbalance between the two treatment
arms and a possible inter-subject variability of CPT-11
metabolism. Inter-patient variability of CPT-11 metabo-
lism was previously reported {10], and such variability
appears to be caused by inter-individual variability of
carboxylesterase activity [4, 5], or glucuroconjugate
activity correlated with UGT1A1 polymorphism [6]. In
the present study, we could indeed observe a large inter-
patient variability of CPT-11 catabolism, which is
another good area for future investigation. This was not
performed here since investigations into metabolic
enzymes or genetic polymorphism with inter-patient com-
parison were not the specific aims of the present study.
Here, we used intra-patient comparison to exclude inter-
patient variability. As a result, we were able to clarify that
BV has no effect on CPT-11 catabolism, Moreover, BV
appeared to exert no effect on the conversion ratios of
CPT-11 to SN-38 and SN-38 to SN-38G (Table 3). The
explanation of the lacking pharmacokinetic interaction
between BV and CPT-11 may be caused by different path-
ways of clearance: IgGs are cleared through Fc/Fc/Rn
systems, whereas CPT-11 are primary enzymatically
transformed in the liver [11, 12]. The analysis of PK
parameters failed to provide any explanation for the
observed supra-additive clinical efficacy of the CPT-11
and BV combination [2, 3]. The absence of PK interac-
tion between CPT-11 and BV has been recognized to
indicate the safety of this combination therapy for further
clinical study and general practice.
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Abstract

Background The prognosis of unresectable hepatic colorectal metastases is poor even if chemotherapy is administered. The
purpose of this study was to evaluate the long-term efficacy of hepatic arterial infusion (HAI) chemotherapy and
hepatectomy following HAI for such condition.

Methods Seventy-two patients with unresectable hepatic colorectal metastases received continuous HAI of 5-fluorouracil.
Results The overall response rate was 38%. The median survival of all patients was 18 months. The overall 3-year survival
rate was 18%. Seven patients (10%) survived more than 58 months. Of the eight patients with a complete response, seven
developed liver and/or lung metastases, and of these, one patient undergoing additional hepatectomy has been disease-free
and the other six receiving chemotherapy died of disease. Another complete-response case died of liver abscess. Of the 19
patients with a partial response, six could undergo hepatectomy after HAL The overall 5-year survival rate of seven patients
undergoing hepatectomy was 71%, whereas for patients without hepatectomy, the rate was 0%.

Conclusions Most patients showing response after HAI for unresectable hepatic colorectal metastases had relapses. The
long-term prognosis of patients undergoing hepatectomy after HAI was favorable. Therefore, when HAI makes liver
metastases resectable, they should be resected.

Keywords Colorectal cancer - Liver metastasis - Hepatic
arterial infusion - Neoadjuvant therapy - Liver resection

metastases because up to 50% of patients with primary
colorectal cancer develop liver metastases synchronously or
metachronously.™

" The treatment strategy for hepatic colorectal metastases
is still controversial. Although surgical resection is the best
treatment option for resectable metastases’ and the 5-year
survival rates after hepatectomy are 37-58%, ~'"' unresect-

Introduction

Colorectal cancer is the leading cause of cancer death in

developed countries.’” The prognosis of patients with
colorectal cancer is affected not only by surgical treatment
for primary tumors but also by management of liver
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able metastases remain a serious problem. In general,
systemic chemotherapy is recommended for such condi-
tion."'" When using current systemic regimens for disease
limited to the liver, chemotherapy enables resection in 15—
30% of patients.'” However, the S-year survival rates
following resection after systemic chemotherapy are still
around 30%,"” and there are circumstances that prohibit the
usage of current regimens, such as dmg toxicity and
refractory disease.

Therefore, despite being technically demanding, hepatic
arterial infusion (HAI) chemotherapy has a certain role in
the treatment of unresectable liver metastases. HAI has the
advantage of bringing a high concentration of cytotoxic
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agents to the liver with a minimal systemic toxicity' and
thus provides high response rates of up to 83%.' ' However,
HAI alone cannot cure such patients.'*™'" Indeed, there
were at best only one or two S-year survivors in each HAI
trial.' ™!

To overcome this problem, we had conducted a pilot
study of multimodality therapy with hepatic resection after
HATI and portal vein embolization for unresectable hepatic
metastases and reported the feasibility and potential benefit
for selected patients.'” The purpose of the present study
was to evaluate the long-term efficacy of HAI and hepatic
resection after HAI for patients with initially unresectable
liver metastases from colorectal carcinoma.

Patients and Methods

Between 1988 and 1999, 72 patients with synchronous or
metachronous unresectable hepatic colorectal metastases
received HAL Of them, nine patients received HAI after
resection of two liver segments or more and ten after
resection of one liver segment or less. Informed consent
was obtained from each patient. All patients had multiple
liver metastases involving three or four hepatic segments
(Table 1), which were detected by computed tomography
(CT) and ultrasonography (US) and/or confirmed by
intraoperative US and biopsy. These metastases were
considered unresectable because the remaining functional
parenchymal volume of the liver after resection was
estimated to be too small to maintain normal liver function
or the tumors were contiguous to essential intrahepatic
vascular structures. If hepatic metastases became resect-
able after HAI, resection was performed. All patients
were followed up for at least 5 years or until death.
Retrospective analysis of clinicopathologic data from the
prospective database and medical records of these patients
was conducted.

All patients underwent hepatic arterial catheterization
and placement of an implantable reservoir'® or an Infusaid
model 400 pump (Infusaid, Norwood, MA, USA)'® with or
without a laparotomy. In the laparotomy group, the gall
bladder was removed and the right gastric and gastroduo-
denal arteries and small branches supplying the stomach
and duodenum were ligated. An arterial catheter was placed
into the gastroduodenal artery, with the tip placed at the
junction of the proper hepatic artery and gastroduodenal
artery. In the non-laparotomy group, the gastroduodenal
and right gastric arteries were occluded with steel coils. A
catheter was placed into the proper hepatic artery via the
subclavian or femoral artery. After the catheter was
connected to the reservoir or the pump, fluorescein dye or
indigo carmine was injected through the catheter to confirm
complete perfusion of the liver.'™'"”

_@_ Springer

Table 1 Patient Characteristics

No. of patients

Patient
Sex
Male 50
Female 22
Age (years) 59 (range 32-78)°
Primary tumor
Site
Colon 39
Rectum 32
Unknown 1
Histological grade®
Well-differentiated 28
Moderately differentiated 41
Poorly differentiated 3
Transmural invasion depth (pT)b
T2 3
T3 63
T4 4
Unknown 2
Regional lymph node metastasis (pN)®
NoO 10
NI 19
N2 30
Unknown 3

Pathologic stage®
1 1

1 3

m 14

v 52

Unknown 2
Liver metastasis
Appearance

Synchronous 52

Metachronous 20
No. of tumors®

2 2(2).

3 3(2)

4 4(1)

5-9 254

210 38
Sum of tumor diameters (cm)°

5-9 27 (8)

10-14 )

15-19 8

>20 7
Number of involved segments

3 . 10

4 62

CEA levels (ng/ml) 61.3 (range 1.6-6,000)*

CEA carcinoembryonic antigen
*Numbers are median and range
PUICC TNM classification (6th edition)

“Numbers in parenthesis represent the number of patients who
underwent resection of two liver segments or more before hepatic
arterial infusion
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HAI was initiated 2-3 weeks after recovery from

simultaneous colorectal resection or the next day after
catheter placement alone. The protocols for HAI were as
follows:

Protocol 1 The initial dose of 360 mg/m” per day of 5-
fluorouracil (FU) was infused for 7 days by
using an extracorporeal continuous infusion
pump (CADD-1, Pharmacia, St. Paul, MN,
USA), followed by 180 mg/m* per day of 5-
FU for 21 days. After a 7-day interval without
infusion, 180 mg/m® per day of 5-FU was
infused for 7 days. This 7-day infusion/7-day
no infusion cycle was repeated.

Protocol 2 The initial dose of 360 mg/m? per day of 5-FU
was infused for 14 days by the same pump.
After a 7-day interval without infusion,
180 mg/m?® per day of 5-FU was infused for
7 days. This 7-day infusion/7-day no infusion
cycle was repeated.

Protocol 3 The initial dose of 1,000 mg/m® of 5-FU was
administered over 5 h once a week by the same
pump, and this therapy was repeated as long as
possible.

Protocol 4 The starting doses of 120 mg/m? per day of 5-
FU was administered by continuous infusion
through the Infusaid pump for 21 days, alter-
nating with normal saline for 7 days, and 4
mg/m’ per day of mitomycin C was given by
injection through the side port of the pump
once a month. This treatment cycle was
repeated as many times as possible.

We used S-FU instead of the floxuridine (FUDR)
because FUDR was not permitted in Japan. The patients
underwent a physical examination, complete blood count,
and blood biochemistry profile every 2 wecks. When
abdominal symptoms or abnormal values in the blood test
attributable to HAI were noted, HAT was discontinued until
the complications were resolved. After resolution of the
complications, subsequent doses were administered at half
of the starting dose. Upper gastrointestinal endoscopy and
angiography via the implanted reservoir were performed
when symptoms of epigastric pain and/or vomiting were
observed. When severe complications such as bleeding
from a duodenal ulcer, sclerosing cholangitis, occlusion of
the hepatic artery or extravasation, appearance of extrahe-
patic metastases, and regrowth of hepatic tumors occurred,
HAI was terminated. Treatment was continued for as long
as the liver tumors were evaluated to have either decreased
in size or remained unchanged.

All of the patients were examined before the initiation of
HAI and every 2 months thereafter with CT and US of the
abdomen and chest X-ray. The tumor response was

evaluated with CT and US and was defined according to
the World Health Organization criteria. ' A complete
response (CR) denoted the disappearance of all liver tumors
for more than 4 weeks by CT and/or US. A partial response
(PR) indicated a reduction of more than 50% in the sum of
the largest diameters of all tumors for more than 4 weeks by
CT. Progressive disease (PD) was defined as an increase in
tumor size of greater than 25% or an appearance of new
liver tumors. The patients with other response were
considered to have stable disease (NC). The duration of
the response was measured from the onset of a tumor
reduction of more than 50% to disease progression.
Survival curves were estimated with the Kaplan-Meier
method and differences in survival were evaluated with the
log-rank test. All statistical analyses were performed using
SPSS for Windows, version 11.0J (SPSS-Japan Inc., Tokyo,
Japan). All P values were two-sided and a P value of less
than 0.05 was considered to be statistically significant.

Results

The characteristics of the patients are shown in Table © and
treatment results in Table .. The overall response rate was
38% (eight patients with CR, 19 with PR; Table ). NC was
found in 20 patients and PD in 25. The response rates for
the protocols 1, 2, 3, and 4 were 50% (one patient with CR,
five with PR), 67% (two CR, four PR), 20% (two CR, six
PR), and 64% (thrce CR, four PR), respectively. Minor
complications including epigastric pain, nausea, vomiting,
and back pain were observed in 44 patients (61%). Of eight
patients (11%) with severe complications, six patients had
duodenal ulcers, one sclerosing cholangitis, and one both
duodenal ulcer and sclerosing cholangitis. Among the
seven patients with duodenal ulcers, six suffered bleeding
and four underwent emergency surgery. The two patients
with sclerosing cholangitis developed liver abscesses and
received US-guided drainage, but died at 40 and 82 months
after the initiation of HAI, respectively.

All patients were followed for at least 5 years or until
death. At the last follow-up, three patients (4%) undergoing
hepatectomy after HAI were alive. Two patients (3%) died
of liver abscess due to sclerosing cholangitis without
recurrence and 67 patients (93%) died of the disease.
Extrahepatic recurrences appeared in 45 patients (62%),
including lung metastases in 41 patients, bone metastases in
nine, local recurrence in five, lymph node metastases in
three, and brain metastases in two.

The median survival of the 72 patients after the initiation
of HAI was 18 (range, 3-167) months. Seven patients
(10%) survived more than 58 months. The 1-, 2-, 3-, 4-, and
5-year survival rates were 72%, 32%, 18%, 10%, and 7%,
respectively (Fig. 1). The survival of the responders (CR
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Table 2 Treatment Results

Protocol no. No. of patients Response rate (%) CR rate (%) Complication rate (%) Rate of severe Resection rate (%)
complication® (%)

1 12 50 8 75 8 0

2 9 67 22 77 11 33

3 40 20 5 65 5 5

4 11 64 27 90 36 18

Total 72 38 11 72 i1 10

CR complete response

“Sever complications were sclerosing cholangitis and duodenal ulcer

plus PR) was better than that of the non-responders (NC
plus PD; P<0.001). The median survival time was
26 months for the responders versus 12 months for the
non-responders.

Table 3 shows details of the eight patients with CR. Of
them, seven patients developed liver and/or lung metastases
afterward, and only one patient maintained CR who died of
liver abscess due to sclerosing cholangitis at 40 months. Of
the seven patients with relapses, one patient undergoing
resection of metastases confined to the liver was alive at
118 months. Another patient received HAI again, but died
at 27 months. The remaining five patients received systemic
chemotherapy because of extrahepatic disease or occlusion
of the hepatic artery.

Owing to shrinkage of liver metastases after HAI, seven
patients (10%) could undergo hepatectomy. Details of these
patients are shown in Table 4. Of the three patients with PR
whose remaining metastases were confined to the right
lobe, one patient could undergo right lobectomy and two
extended right lobectomy after portal vein embolization.
Another patient could undergo left lobectomy and wedge
resection after portal vein embolization. The other three
patients underwent wedge resection. Postoperative compli-
cations included bile leakage in two patients and liver

100

H [+)] [s:]
o o [=]

Survival rate (%)

[
(=4

0

0 1 2 3 4 5 6
Time (years)

No. atrisk 72 52 23 13 7 5

Figure 1 Survival curve of the overall patients who received hepatic
arterial infusion chemotherapy for unresectable hepatic colorectal
metastases (n=72). Time is from the initiation of hepatic arterial
infusion.
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abscesses in two. One patient died of liver abscesses due to
sclerosing cholangitis at 82 months, and three patients died
of liver and/or lung metastases. The median survival of
these patients was 63 months, whereas it was 17 months for
those who could not undergo hepatectomy (P<0.001;
Fig. 2). The 1-, 3-, and S-year survival rates of the patients
with hepatectomy after HAI were 100%, 86%, and 71%,
respectively, and five patients (7%) survived more than
5 years.

Discussion

Complete surgical resection is currently the only treatment
that can provide long-term survival and cure for patients
with hepatic colorectal metastases.”'" Although only 10—
25% of the patients can undergo complete resection,™ ' =
the resection rate may be improved if chemotherapy
sufficiently reduces the size and number of the
tumors':,xj,:x,?l

The current systemic regimens consisting of 5-FU,
leucovorin, oxaliplatin, irinotecan, bevacizumab, and cetux-
imab bring about response rates of 70% or more so that
they are regarded as standard therapy for unresectable
metastatic colorectal cancer.''"'” However, the median
survival after such chemotherapy alone is up to
20 months.” Although the systemic chemotherapy also
enables resection in 15-30% of patients with disease
limited to the liver,'” the S-year survival rates following
such resection are still around 33%.' *-' In addition, the
current regimens cannot be used for patients who suffer
toxicity or refractory disease after the current systemic
therapy.

On the other hand, the response rates of HAI with FUDR
are reported to be 42-62% and the median survival after
HAI have ranged from 13 to 17 months.' > ' = " In our
previous study, the median survival of eight patients with
unresectable liver metastases, who had undergone resection
of the primary tumor and received HAI with 5-FU, was
30 months with a response rate of 75%." Therefore,
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Table 3 Details of the Patients with Complete Response

Case  Age No. of  Sum of tumor Protocol  Duration of CR  Site of relapse ~ Treatment after  Survival Outcome

no. (years)/sex  tumors  diameters (cm)  no. (months) relapse (months)*

i 78/M 10 7.3 P-4 28 None None 40 Dead®

2 62/M 7 5.6 P-4 i5 Liver SCT 46 DOD

3 44/M 5 1.4 P-2 10 Liver Resection 118 ANED

4 65/M i1 10 P-4 9 Live,, Lung SCT 58 DOD

5 5TM 7 7.2 P-3 7 Liver, Lung SCT 45 DOD

6° 66/F 2 2 P-1 4 Liver SCT 26 DOD

7 6L/F 12 9.7 p-2 4 Liver SCT 21 DOD
59/F t 9 P-3 3 Liver HAI 27 DOD

CR complete response, SCT systemic chemotherapy, HA/ hepatic arterial infusion, DOD dead of disease, ANED alive with no evidence of disease

3 Survival from initiation of hepatic arterial infusion
® The patient died of liver abscess due to sclerosing cholangitis

°The patient underwent resection of eight liver metastases before HAI

although HAI is not effective for extrahepatic diseases and
has some technical difficulties, HAI seems to have a certain
role for selected patients with disease limited to the liver.

In this study, the response rate was 38% overall, but
ranged from 20% to 67% according to the protocols.
Reflecting these response rates, the median survival time
was 18 months. These results are comparable to those
following HAI with FUDR and are approaching those with
the current systemic regimens. Although this was not a
randomized controlled study and the number of patients
was limited, protocol 2 showed the highest response rate of
67%, the highest resection rate, the moderate rate of severe
complications, and seemed to be the best among our
protocols. However, 62% of our patients developed
extrahepatic relapses, mostly lung metastases, for which
HALI has limitations.

The median survival of our patients with CR was
42 months and the survival of the responders was signifi-
cantly better than the non-responders in line with previous
reports.” ' However, most patients showing CR had relapses
eventually as reported before. - Actually, of the eight
patients with CR, seven had relapses and only one patient
who underwent hepatectomy for relapsed liver metastases
has been free of disease. Therefore, as is recommended in
the Expert Consensus Statement, - hepatic metastases
should be resected when they become resectable.

Although there have been many studies on hepatectomy
following systemic chemotherapy, * '~ the number of
studies on hepatectomy after HAI is limited, ™" >
partlcularly w1th a few long-term follow-up stud-
ies. " ’ Elias et al." reported that liver tumors in
6% of 239 patients who received HAI with 5-FU and other

Table 4 Details of Seven Patients Who Underwent Hepatectomy After Hepatic Arterial Infusion Chemotherapy

Case no.  Age No. of  Sum of tumor Protocol PVE Typeof Complication Site of  Survival Outcome
(years)/sex  tumors  diameters (cm)  no./response surgery  after surgery relapse  (months)”

1 40/M 5 12.8 P-4/PR Yes RL Bile leakage None 167 ANED

2 44/M 5 11.4 P-2/CR No w None None 118 ANED

3 46/M i4 13 P-4/PR Yes ERL None None 82 Dead”

4 56/F 7 11.4 P-3/PR Yes LL+W None Lung 63 ANED*
5 35/F 8 20 P-2/PR Yes ERL Bile leakage Liver 62 DOD?

6 67/M 8 8.1 P-3/PR No W Liver abscess Lung 58 pop*

7 62/M 5 10.4 P-2/PR No W Liver abscess  Liver 22 pop?

PVE portal vein embolization, PR partial response, CR complete response, RL right lobectomy, W wedge resection, ERL extended right
lobectomy, LL left lobectomy, ANED alive with no evidence of disease, DOD dead of disease

?Survival from initiation of hepatic arterial infusion
b The patient died of liver abscess due to sclerosing cholangitis

¢ The patient is still alive after hepatectomy and after partial resection of the lung for lung metastasis

4 The patient died of lung and/or liver metastases

Q_) Springer
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100

Survival rate (%)

% ‘\\.

Time (years)
No. at risk
Hepatectomy 7 7 [] [] 6 5
No hepatectomy 55 45 17 7 1 0

Figure 2 Survival curves according to the additional hepatectomy
after hepatic arterial infusion chemotherapy for unresectable hepatic
colorectal metastases. Survival of the patients with additional
hepatectomy (n=7, solid line) was significantly better than that of
those without hepatectomy (n=65, broken line; P<0.001). Time is
from the initiation of hepatic arterial infusion.

agents for unresectable hepatic tumors subsequently be-
came resectable, and five of the nine patients with hepatic
colorectal metastases had been free of disease, with a mean
follow-up time of 36 months. Link et al.”’ evaluated 168
patients with unresectable hepatic colorectal metastases
treated with HAI with FUDR and others. The overall
resection rate was 5%, and seven patients were alive 2—
58 months after resection. Meric et al.”® reported that 18 of
383 patients (5%) treated with HAI with FUDR or 5-FU
and others for unresectable hepatic colorectal metastases
could undergo resection. Of them, 15 patients developed
recurrence at a median follow-up of 17 months and three
died of other causes within 7 months. Clavien et al.”’ used
HAI with FUDR and induced resectability in six of 23
previously treated patients (26%) with unresectable hepatic
colorectal metastases (including 20 previously treated with
irinotecan). The actuarial survival rate at 3 years was 50%.

In the present study, although the resection rate was
10%, the median survival of the sevén patients with
hepatectomy was 63 months and six patients survived more
than 58 months. In terms of resection rate and survival, our
results seem to be preferable to those of the previous HAI
series” """ and almost similar to the recent results with
FUDR.? In addition, our survival results appear to
approach those with the current systemic regimens,'>>"*
In resection rate, however, ours are worse than those with
the systemic regimens. Moreover, in spite of long-term
survival, 43% of our patients eventually died of the disease.
Therefore, the current HAI are not sufficiently effective for
unresectable colorectal liver metastases in terms of long-
term survival.

Integration of targeted agents such as cetuximab and
bevacizumab into the current systemic regimens has been
shown to raise response rates up to 70% or more'” and may
improve the resection rate and survival. Another possible
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option is a combination of HAI and systemic therapy,
which simultaneously utilizes a high drug concentration in
the liver brought about by HAI and the suppression of
extrahepatic disease by systemic therapy. A third possi-
bility is postoperative adjuvant chemotherapy. Portier et
al.™ conducted a randomized controlled trial and showed
that postoperative 5-FU plus leucovorin improved disease-
free survival of the patients who underwent liver resection
for colorectal metastases. All these options and their
combinations seem to be promising and warrant further
investigation.

Timing of hepatectomy is another important issue for
improving the outcomes. If we had performed hepatectomy
for the seven patients with CR, the resection rate would
have been 19% (14/72) and they might have avoided
relapses. Therefore, as is recommended in the Expert
Consensus Statement,'” resection should be performed as
soon as hepatic metastases become technically resectable.
Also, resection should encompass the segments involved
based on pre-chemotherapy imaging.'”

In this study, four patients (57%) suffered postoperative
complications consisting of bile leakage and liver abscess.
This morbidity is higher than expected in hepatectomy
without neoadjuvant chemotherapy. Indeed, we have
seldom experienced liver abscess in surgery alone. Elias et
al.”® reported that postoperative complications were signif-
icantly more frequent after hepatectomy following HAI
than after hepatectomy alone (57% versus 18%). The rates
of complications directly associated with hepatectomy,
including hemorrhage, biliary fistula, abscess, and atelecta-
sis, were 29% in the HAI group versus 11% in the non-HAI
group. HAI with 5-FU or FUDR is known to cause nodular
regenerative hyperplasia, steatohepatitis, chemical hepatitis,
and biliary sclerosis.'"”'* Although their pathogenesis has
not been well established,'"'" these high complication rates
are attributable to such hepatobiliary toxicity. In this aspect,
early resection has an advantage of shortening the duration
of HAI and thus reducing damage to the liver.

During HALI in our series, two patients developed liver
abscesses due to sclerosing cholangitis and four had
bleeding duodenal ulcers, both of which were life-
threatening and necessitated emergency intervention. The
etiology of sclerosing cholangitis is not well understood,
but is mainly attributable to a combination of ischemia and
inflammation.'* The incidence of sclerosing cholangitis
with FUDR HAI was reported to rise with an increase in the
infusion dose'® and the duration of infusion.'” Therefore,
we should reduce dosage and shorten duration as less as
possible. The addition of dexamethasone to HAI regimens,
circadian modification, and drug alternation also have been
attempted'® and may be beneficial. Gastrointestinal toxicity,
mainly gastroduodenal inflammation and ulceration, is
directly related to extrahepatic perfusion.'’ This can be
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avoided by careful hepatic artery dissection, including
ligation of the right gastric artery and all the small branches
in the hepatoduodenal and hepatogastric ligaments, during
catheter placement. Oral histamine receptor blockers may
decrease the severity of gastric toxicity. Early detection of
toxicity and discontinuation of HAI are also important to
prevent the occurrence of severe complications. We should
pay careful attention to elevations of aspartate aminotrans-
ferase, alkaline phosphatase, and bilirubin in addition to
gastrointestinal symptoms.

In conclusion, the present study showed that almost all
patients showing CR or PR after HAI for unresectable
hepatic colorectal metastases had relapses, but overall long-
term survival of patients undergoing hepatectomy after HAI
was favorable. Therefore, when HAI makes liver metasta-
ses resectable, they should be resected. This approach
appears helpful for patients with unresectable colorectal
metastases limited to the liver who suffered toxicity or
refractory disease after the current systemic therapy.
Although the standard drug for HAI is FUDR, efficacy of
the current HAI regimen with 5-FU appears almost similar.
To improve survival further, measures to increase candi-
dates for resection, reduce liver and lung relapses, and
reduce complications are necessary.
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Metastases Causing Severe Liver Dysfunction: Takeshi Suto™', Toshihiko Sato*!, Naoki Mori*!, Naruhisa Takano™',
Koshiro Ishiyama™', Naoki Sakurai*!, Kiyohiro Saito*?, Hajime lizawa*' and Eiichi tkeda ™! (Dept. of*'Gastroenterological
Surgery, *ZRadio/ogy, Yamagata Prefectural Central Hospital)

Summary

Purpose: The purpose of this study was to evaluate the efficacy of the combination of hepatic arterial infusion thera-
py and FOLFOX for colorectal cancer with multiple unresectable liver metastases causing severe liver dysfunction.

Subjects and Methods: The subjects were 13 colorectal cancer patients who had undergone resection ofthe primary
tumor, and showed multiple, unresectable liver metastases and severe liver dysfunction. They consisted of §men and 5
women, with a median age of 63 (29-77) years. Of these patients, 7 and 6 had colon and rectum cancers, respectively.
They had an average of 8 (3-22) liver metastases of 4.6 (1.5-14.5) cm in diameter. Buring surgery, extrahepatic
lesions were found in 3 patients (Pin 2, and CY in 1). The preoperative serum LDH and ALP levels were high, at 1, 099
(322-1,418) and 1,011 (644-2, 384), respectively. The follow-up period was approximately 500 (248-928) days. Only
5-FU in FOLFOX4 or 6 m therapy was infused into the hepatic artery, and LV and L-OHP were injected into the central
venous port about every two weeks. Response rates and adverse events were evaluated according to the RECIST
criteria and CTCAE ver 3. 0, respectively.

Results: The therapy was performed 14 (6-22) times, with a response rate of 84. 6% for liver metastases, facilitating
hepatectomy in 1 patient. The overall response rate was 61. 5%, with 1 patient dying of the primary cancer on the 265th
day. Grade 3 adverse events were neutropenia and anorexia in only 1 patient each, and no adverse events were specific
to hepatic arterial infusion. '

Conclusion: Since the follow-up period after this therapy was still short, only 13 patients have received the therapy.
However, it appears that it can be performed relatively safely, and is effective for the control of extrahepatic lesions as
well. Therefore, this therapy provides good control, and can be a treatment option. Key words: Colorectal cancer,
Multiple liver metastases, Hepatic arterial infusion, FOLFOX (Received Apr. 2, 2008/Accepted Jul. 3, 2008)

BE B SELIFREEELHIDRTESENER L E T2 KBHESICH T 5 FEEH A FOLFOX BB &kt
KOWTHRE T 5. HREFE BELHBREREL L) URTREENERLEFL, BERELORLAXEEEN 135
MRE Lo BHSH, ZUSH, FEMzPRIEE (29~77) BThHol. B 76, BB 6H. HEBEIL 3~22)
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DS5FUDHTENEL YEHEL, LV & L-OHP BeHORIRR— P X D BEL, #2BM I L ICHIT L. E3%I2 RE-
CIST &, AEERII CTCAE ver 3.0 KREVFEME L /-0 &R MITEEIE 14 (6~22) B TH ot FiICH T 28213
84.6% T, 1PIHURIBETH oo £FTIZ61.5%DEHETH Y, FETHIL 1 (265 B BEMIE) Thol, grade 3
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KIBED S L IFERIIEEMEIC 10%, REMEIC15%
ERLVERECROAEBERTH L. KBBOWE
EHEIEBHAOFRIIFTRE bR, EHEFID 50%4%
FHMIE4.5~125 2R LBESR TR, DT
AF BT Arai 512 & Y 5-fluorouracil (5-FU) ¥
FNC & 2 BB ERENEIT S, RiF2RFtENEE
BOTWD", BRTOEFFRELDT V5 A1t
HERBICBWTHATARMERDRZBD L EHRE
EhTwi¥ BT FOLFOX % EOEHEROH
£ B{bFHMEZ 1T L, down-staging HICIFEIIR %2 1T
v, EERZERFRREIRESATHEY, F07:
HE5EbhbIuE, BEOHEBEREELE T 5UBTE
HARBEFEEENCT L, BflERo v 5-FU
@ P BhFEH# T levofolinate calcium (LV) & oxalipla-
tin (L-OHP) 0 g%k 5t OHBERELHITL, F0OH
ik & BEEHICOWTHRE L7, (bEFEOEER/ID
$#13 RECIST (Response Evaluation in Solid Tumors)
#HAKT4 >y, HEHEZRIX CTCAE ver. 3.0 (Common
Terminology Criteria for Adverse Events v3.0) Z6-
7oo MBENEEDRNEXEIXBRIURCRHET
MUZHE > 720

I. W&RELOFE

1. % %
2005 4 6 H~2007 £ 8 R ¥ ClCYBRAENEBEF
T HRBEESNI L, BRI TEEREIERE first-line

Tablel Subjects

Gender :
Male/female 8/5
Age 63 (29~77)
Performance status
0/1/2/3/4 11/2/0/0
Tumor location
Colon/rectum 7/6
Number of liver metastases 8 (3~22)

Diameter of liver metastases (cm) 4.6 (1.5~14.5)
Extra hepatic metastases

ves/no 3/10
P/CY 2/1
GOT (IU/L) 104 (31~228)

GPT (IU/L)
r-GTP (JU/L)
T-Bill (mg/mL)
LDH (IU/L)
ALP (IU/L)
CEA (ng/mL)
CA19-9 (U/mL)

110 (32~208)

252 (85~631)

0.8 (0.3~1.3)

1,099 (322~1,418)
1,011 (644~2,384)
362.1 (65.6~3,832)
451.3 (46.9~73,816)

BALSEE

I2T FOLFOX # ik % 11T L 74T KBS IBIED) 65 B,
BEOHBRERELFTLLRITERIC IR, 251K
HROBAFNEZLN 13608 E L 13HI0ERK
MBS % Table 1 IR FFIMRZLEHE T HEH
3361 (iR ET RAC CREREIETE 2 I, BFRIERY) >~/ EhRE
AR 1B0) 1cf8d 7z, #iRT ALP fEOHRER 1,011 (644~
2,384) LBETH o7,

2. /5 %

AN AT RERIC L b IVR ICT BT 8B EIAR
ERBBROMMBHER % KT L, RERICERMEB)IR
POFBRMICAT—FLVEEEL, K- bE2ETICHE
DIRAT HPICHBEMICE V#EETHIRE b P08
RAR— FDOREBE T L7z, %5512 FOLFOX4 £
ZiE6m DY A ERBRICHITLAA, 5-FU DA
BiER— ML DEAL, LV & L-OHP 208 IR F —
PEDEALZ. #28MIEICPD $ 2RSS REE
b, BEERIITHRIEER DL T THITL

H. # F (Table2, 3)

1. &RERR

FrEpE 6B FOLFOX M0 MifT Bk RIET 14
(6~22) Mdb o7z 4 BFIAHBMBES THY, FLOE
B 1 BIAFIRGIERIC L D, 3HIATPD LY, 1 FIATHF
BIRFAZEICLY, 4BDFEERRZETHo 1,

Table2 Response rate and prognosis

Response Liver . Overall
Complete response, No 0 0
Partial responses, No 11 9
Stable diseanse, No 1 1
Progressive diseases, No 4
Response .
No. 11 8
% 84.6 61.5
Death

No (days after chemotherapy) 1 (265 days)

Courses of chemotherapy 14 (6~22)
Table3 Adverse events
grade

Adverse 2~3 No. (%)

events 1 2 3
Neutropenia 1 1 1 2 (15.3)
Hb 1 0 0 0 (0)
Platelet 1 0 0 0 (0)
Anorexia 1 0 1 1 (.7
Nausea 1 1 0 1(7.7)
Diarrhea 1 0 0 0 (0)
Paresthesias 7 2 0 2 (15.3)
Allergy 0 0 0 0 (0)
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Fig.1 Casel
a: Before surgery and chemotherapy.

b: After 6 courses of combined hepatic arterial infusion therapy and FOLFOX6m.
c: After 16 courses of therapy. Reduction rate: 61%.

Fig.2 Case?2
a: Before surgery and chemotherapy.
b: After 17 courses of combined hepatic arterial infusion therapy and
FOLFOX6m. Reduction rate: 72%.

2. mEEHR 3. FHEEBBEIIOWNT

FREFEEICBTAMBEEDEIICREZFHZDOLZVLON ?Ef:ﬂti 1BDOATHREH 265 A TH o7, 3E5%E
BN EBEFETH Y, Fig 1~4 IIEBF %2 RTH Fig. SEHIM AR IL{EC 495 (248~928) HEHW s b 2
4IIEMRICOBTREME 20, Fig2 345 H%IBRTE 2FELEAETFRNI2H, 1 EY EAEFERES FIE T8
TdH b, BERMEDEITICL5%THD. FFHEOE(E BHBEWRBFTH o7 2 RIEHEE LT 8 B
MBEOHIIZL Y 4 I PD 2 RO - A LB IR FOLFIRI ik %, CIBRTTREBIIUIBRTE S-1 MAR % K fT
Zoarybu—nb BIEFTho7, LTwa,
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. Fig.3 Case3

a: Before surgery and chemotherapy.

b: After 9 courses of combined hepatic arterial infusion therapy and
FOLFOX6m. Reduction rate: 68%.

Fig.4 Case4
a: Before chemotherapy. Multiple metastatic lesions were observed in
both liver lobes.

b: After 9 courses of combined hepatic arterial infusion therapy and

FOLFOX4. A marked tumor reduction (56%) was observed and
tumor was resected.

c: After 3 courses of FOLFIRI therapy. A 20% tumor reduction was
noted and rest tumor was resected.

4. FEER Lx =

grade 3 L EDFEBRLFNIIITHERRAH 1 H1 & ano- ’ ’
rexia 1l TH Y, grade2 HEHEZ AL D DD nausea FFEBFIIN T 5 BRI BREEV R TH 5 L 3
| E2HE L-OHP BB OXBHERE 26 TH - HFENTWEA?, Ballantyne SI13 BB 2\ 30 H/E
| 7o BEELTULAVXY—72 E‘i?.c”»bf)&ﬁ‘of:o (31@) ﬁffzi?ﬁﬁ@%@ﬁ%@ﬁmkﬁi&rwéo n
LOBISIEENDEFRIKBELED % THY, BT
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B TR 55VIIIFEEL %D KEEE
BESHICH L, BENICEYHEOEH Y FOLFOX #
neoadjuvant chemotherapy & L TRV, kR4 @E
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BERRENTWAEY, 72 Adams b3, HAT{LER
HERICHBRTTRE L 2o ZERI O 5 FETERIL, DRI
YIBTEETd o HEFDOUBRBEE L BETH L LT
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AREFCIE 1990 EABTEIIIFESL STV T ENER
BEiie sk L OEGREBRIIB VT, BEHIDHR
CBWTES L OOEFHBOERICE W TEMEIR
BhT, IR EOHECHFNMEL, 7T IVEE
DOFFHEEE L Y first-line &E LTEH S 2L 2o
Tz, LL, THOORE TRABICBWTHTS
NTOWFBEREER 2D A7 - T VEBFRETT
BIFShTBY, FENERO 37% THEMBTET,
BEEHIO 29% TH 57— TV b I TV THEBERER
WEETH Y, BEMICIE6 I—AFEICHL, FH2 a—
ADEBELPTOR T A7

AT BV TIE 5-FU 28 1 B 5 BE»T TEATS
R CENEILY 50~80%, EFEIRERREE 18~
6B EBIFERETHo Y, 55 AMLhBR
BT hbnRTwizwnb Do, E DO FOLFOX #
FOLFIRI & v o & HLERELEZRD TP
7o SHLIREDHEBEREORETIE, IWTHIE
weekly 5-FU+LV FFEHEREILFREICH T 2B E
1E 75% CAIEIE P ER 22 2B L HE LY, Kemeny
51X FUDR OFENESEE E 5-FU+HLV 2 5B EOLE
HERT BV CENEN TR & 24%, LM P REDS
24458 E 200 2B CHECHBEREFBE>TWA
EHELTV AT,

ThL LY ALP OBER CEERIFEERELED
UBRTARFERY AT LRBRICH T AFEREE L
T, KBOBFABRHEMCL2BOEMObENT—T
VEBARITL, FEBCNT2EERNIROE VT
By, SR Eoflfo- O 5REE AT S
CETFRORENEONDEELLNL D, SED
NbiIBLRse s KGES EFERERNIN L 5-FU
OHFFEER— P I HEAL, LV & L-OHP & HLE
BA— LYW EATLHEEESL I3HIHITLA. L
OHP MAIICB W TABIN T YA T LEL

75

9, BEPEOTRRENH 500 HEENH00, FRE
W AEPBIIN BB EEETHD, 1FILIBRTEE
T, X 1BNYIBRTFETH oo FIREDEDT
L 2% DEYNRL BIFTH Y, BHIEED T Y
Po—AdEhTwbEEZ bR, T 13HEHIC
FETHET IO T —FVHEXBOIZOAT
%o 7o FFBHEDEA FOLFOX SHEEQMATHRIZRRIE
T 14 (6~22) EITH o727, grade3 UEOFEERIT
FhIRiRAHE & anorexia D 2 FIO LT, grade 2 IZEHE
#ELLOD4AFITHY, FEEREICHRMLBEL
PETEBRER CEEDT, BENRECKTIN
Twizo L-OHP KHFENGEEORHAERES, 7
LVF =3 BHTudrol, FHRIIBWUL BHEDH
B2 b D% IE#E L LT FOLFIRI % $-1 D RBRAS
AT E N TVAA, FETHIE 265 HBED 1 f%Bdi0
HTH-T,

Rk IZ BT, Ducreux SIZEHISHIELE THo T
LHEEEFIERILALD®, L-OHP » HEnEIcAv,
5-FU+HLY # & 5{bEREL L, EUFE 64%, MSTH
27 B L& L™, Kemeny 513 FUDR OFFEIE L,
irinotecan, L-OHP & B HEIZ X ) H4HE 90%,
MST# 36 2B L#BELTWAEY, RBEOHLIXHHEE
DHFENBREREDZELRITRELZLLZVHO
O, FEE b EFEE LB LERE L ZHHATA I LT,
BERBODHMITEINTWAEZEENEZEERED
FOLFOX, FOLFIRI#HED MST #4120 2L h bER
THEER R RENEZONEYD, SRITI L%
WRE LS ¥ bR LLEE BEbhs,

SEbhbivg, FHEBELETHUIRTHREEF
ERESICH L, FEBICETLBMERLL TONE
i E, ENEEoa Y fu—E LT45{LeRE
B & L7 FOLFOX k% 13 BlCiifi L7z, B8
HEPESBORBVBENLETH LA %f)ﬁﬂ—%’
ARSI T oy b —ViIEREBNBRETH Y,
SIRIT SR TWwWiz, LRI TR e i @JL
HLEG%BHE L{LFEENETHo2N, FET
bbb BB L-EADLHIIEELMEREE
BT HEMCH L TOEDROBVHEITALEE 251k
F@En e EHT A & TRIBUBRPITREE 2y, hREE
O—oDFIRFE 2 AR RIB I NI SEFY
B LB 7 B ORHE O BBLERE S &0, ESRHEE
EHATT A E CYRBRTENEBENOERARDOMm L%
HaZ tnERLEDNL,
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