Cuncer Chemother Pharmacol (2004) 53; 391-396
DOI 10.1007/s00280-003-0747-0

ORIGINAL ARTICLE

Mikito Inokuchi - Hiroyuki Uetake - Yoshinori Shirota
Hiroyuki Yamada - Masayuki Tajima - Kenichi Sugihara

Gene expression of 5-fluorouracil metabolic enzymes in primary
colorectal cancer and corresponding liver metastasis

Received: 8 July 2003/ Accepted: 7 November 2003 /Published online: 20 January 2004

© Springer-Verlag 2004

Abstract Purpose: Expression of thymidylate synthase
(TS) and the S-fluorouracil (5-FU) metabolic enzymes,
including dihydropyrimidine dehydrogenasé (DPD),
orotate phosphoribosyl transferase (OPRT), thymidine
phosphorylase (TP), and uridine phosphorylase (UP),
has been reported to be associated with the sensitivity to
3-FU-based chemotherapy in colorectal cancer. We
evaluated the correlation of the expression of these genes
between primary tumors and corresponding. liver
metastases. Method: The mRNA levels of TS, DPD,
OPRT, TP, and UP were measured by real-time quan-
titative RT-PCR in samples from 23 consecutive patients
with both primary colorectal adenocarcinoma and liver
metastasis. Resulfts: The DPD, OPRT, TP, and UP
mRNA levels were significantly higher in liver metasta-
ses than in primary tumor (expression in relation to that
of f-actin mRNA: 0.42vs 0.16, P=0.00053; 1.4 vs 0.92,
P£=0.016;23 vs 11, P=0.00014; 0.36 vs 0.25, P=0.0026;
respectively). However, the TS mRNA level did not
differ significantly between liver metastases than primary
tumor (0.20 vs 0.16, P=0.28). No correlation was ob-
served for any gene between primary tumor and liver
metastases. In both primary tumor and liver metastasis,
the TS mRNA levels correlated significantly with the
OPRT mRNA level (primary r¢=0.83, P=0.00000081;
liver metastasis r5=0.49, P=0.017), while the DPD
mRNA level correlated significantly with the TP mRNA
level rg=0.81, P=0.0000024; rs=0.63, P=0.0014;
respectively). Conclusions: The differential gene expres-
sion of 5-FU metabolic enzymes between primary
colorectal cancer and corresponding liver metastases
should be taken into consideration when estimating the
sensitivity to 5-FU-based chemotherapy in colorectal
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cancer. The gene expression of TS and QPRT, which are
involved in de novo pyrimidine synthesis, and that of
DPD and TP, may be coregulated.

Keywords Thymidylate synthase - Dihydropyrimidine
dehydrogenase - Orotate phosphoribosyl transferase -
Thymidine phosphorylase - Uridine phosphorylase

Introduction

Thymidylate synthase (TS) protein and gene expression
in human colorectal cancers has been investigated as a
predictor of response to chemotherapies based on
5-fluorouracil (5-FU), and as a prognostic marker [1, 2,
5,9, 10, 20, 24, 29]. Previous studies have suggested that
high TS expression in advanced colorectal cancers,
determined by several methods (immunohistochemical
staining, enzyme activity, and reverse transcription
PCR), is followed by non-response to 5-FU and poor
prognosis.

The other 5-FU metabolic enzymes have been also
examined as predictors of senmsitivity to 5-FU. Dihy-
dropyrimidine dehydrogenase (DPD) is the first and
rate-limiting enzyme for the catabolism of 5-FU, and
its activity or mRNA level is high in various human
cancers and cell lines with low sensitivity to 5-FU 3,
11, 16, 19, 33]. Ichikawa et al. [17] and Salonga et al.
[33] have reported that patients with both low DPD
and low TS mRNA expression in primary colorectal
cancers respond to 5-FU-based chemotherapy, and
their prognosis is better than patients with both high
DPD and high TS expression. Other studies have
indicated that the expression levels of the first meta-
bolic enzymes of 5-FU, namely orotate phosphoribosyl
transferase (OPRT) [6, 18, 30, 31], thymidine
phosphorylase (TP) [6, 12, 25, 27, 28, 33, 34], and
uridine phosphorylase (UP) [6, 8, 18, 25, 35], might
also correlate with sensitivity to 5-FU. High TP gene

-expression has been shown to be followed by low
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DPD-P11

DPD-RI11

DPD-F11

DPD

TGCCCTCACCAAAACTTTCTCTCTTGATAAGGA

OPRT-1200PF

GTTCCCCGGATGATTCTGG

OPRT-1282R

AATGATTCGAAGAGCTTTTGAAGC

OPRT-1107F

OPRT

TGCTCCTCAGCCATTCTAACC

TP-7T0R

CTCCTTATTGCGGAAATGAGCTCCACC

TP-722P

TCCTGGGCAGATCTAGTAAATGC

TP-700F

CAGCCAGAGATGTGACAGCCACCGT

UP-743PF

GCTGTGATGAGTGGCAGGCT

UP-792R

CCTGCGGACGGAATCCT

UP-586F

TP

UP

TGCTCCAACGTCACTATCATCCGCAT

ACTB-547PF

AGACCTATCCCACCAGAAGTGC

ACTB-811R

TGACTGCCCAGGTAGAGACTATCC

ACTB-517F

ATGCCCTCCCCCATGCCATCCTGCGT

TCACCCACACTGTGCCCATCTACGA

B-ActinACTB

CAGCGGAACCGCTCATTGCCAATGG

chemosensitivity to 5-FU in colorectal carcinoma [33]
Chung et al. have reported that OPRT, TP, and UP
gene' expression is downregulated in gastric cell
lines with 5-FU resistance [6]. These results indicate
that multiple analysis of the expression of 5-FU met-
abolic genes may predict sensitivity to 5-FU more
precisely.

" However, the relationship between the expression of
these genes in primary cancers and their expression at
metastatic sites has not been adequately evaluated. We
have previously shown that TS gene expression is lower,
and DPD gene expression is higher, in liver metastases
than in primary colorectal cancers [36, 39]. As high
expression of TS, DPD and TP protein or mRNA has
been reported to be associated with low sensitivity to
5-FU [2, 17, 20, 24, 33], the prediction of 5-FU
chemosensitivity by analysis of expression in the pri-
mary tumor may be inaccurate in patients whose TS,
DPD and TP gene expression is markedly higher or
lower in their liver metastases than in the primary
tumor.

In the present study, the expression of TS, DPD,
OPRT, TP, and UP genes in primary colorectal cancer
was compared with that in the corresponding liver
metastases by real-time quantitative RT-PCR.

Materials and methods

Patients and samples

We analyzed pairs of primary colorectal adenocarcinomas and
corresponding liver metastatic tumors from 23 patients (13 males
and 10 females, average age 62.2 years) who had undergone
surgical resection of primary colorectal cancer between October
1997 and October 2001 at the Department of Digestive Surgery,
Tokyo Medical and Dental University, Tokyo, Japan. This study
was approved by the Institutional Review Board of the Tokyo
Medical and Dental University, and written consent was obtained
from all patients, Of the liver metastasis samples, 12 were obtained
by surgical resection, and 11 by intraoperative core-needle biopsy
at the time of resection of the primary tumor. Seven were meta-
chronous metastases and two of the patients had received 5-deoxy-
5-fluorouridine orally as adjuvant therapy after the primary
resection, One of these two patients discontinued adjuvant therapy
after only 4 weeks, while the other completed a 1-year course of
adjuvant therapy. Resection of the liver metastases in this patient
was performed at Jeast 6 months after completion of the adjuvant
therapy regimen,

Immediately following surgery, each tissue sample was frozen in
liquid nitrogen and stored at —80°C until preparation of RNA
exiracts. A gastrointestinal pathologist evalnated the remaining
specimens. No contamination of the normal colonic mucosa or
liver tissne in the tumor samples was histologically identified.

Total RNA extraction and cDNA synthesis

Our procedure has previously been described in detail [36, 38, 39].
In brief, total RNA was extracted using an RNeasy Minikit
(Qiagen, Chatsworth, Calif.). The amount of total RNA was
estimated by measuring absorbance, the quality was determined
by electrophoresis through agarose gel in the presence of
formaldehyde, and the rRNA bands were visualized. Then up to
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10 g of the prepared RNA was reverse-transcribed to synthesize
¢DNA using the oligo(dT) primer, Superscript II (Life Technolo-
gies, Gaithersburg, Md.), as previously described.

Real-time quantitative RT-PCR assay

The mRNA levels of TS, DPD, OPRT, TP, and UP were evaluated
by real-time quantitative RT-PCR [15, 29, 30] (TagMan PCR)
using an ABI Prism 7700 sequence detector (Perkin-Elmer Applied
Biosystems, Foster City, Calif.). The f-actin gene was used as the
endogenous control gene. Primers and TagMan probes for each
gene were designed based on the nucleotide sequence of human TS,
DPD, OPRT, TP, UP and B-actin (Table 1}). The PCR mixiure
contained 10 ul of each appropriately diluted ¢cDNA sample
(standard curve points and patient samples), 200 nM forward
primer, 200 nM reverse primer, 100 nd TagMan probe, and
12.5 pl TaqMan Universal PCR Master Mix (Perkin-Elmer Ap-
plied Biosystems), in a final volume of 25 pl. The PCR profile
consisted of one incubation at 50°C for 2 min, one incubation at

§5°C for 10 min, and 45 cycles of amplification for 15 s at 95°C,
and 1 min at 60°C.

The amount of PCR product was determined using a standard
curve of cDNA synthesized from human tumor xenograft. Each
PCR run included the seven points of the standard curve (fourfold
serially diluted cDNA with 100 ng/pl) and negative controls, The
range of the standards was 64 to 0.00391 ngf10 pl. All samples
were run in duplicate PCR experiments. The mean was then used; a
few samples with more than a twofold difference in the amount of
PCR product were retested. Some samples out of the range of the
respective points on the standard curve were also retested using
altered cDNA concentrations.

The relative amount of each gene’s mRINA was expressed as the
ratio of each mRINA to that of f-actin.

Statistical analysis

The mRNA levels and clinicopathological factors were compared
using the Mann-Whitney U-test. The mRNA levels of the primary
colorectal cancers and those of the liver metastases were compared

—193—



394

using the Wilcoxon signed-ranks test. The relationship between
each gene’s mRNA level in the primary cancer and that in the liver
metastases, and the relationships among the mRNA levels in pri-
mary cancers or liver metastases were assessed using Spearman’s
rank correlation, Statistical significance was established at the
P <0.05 level for each analysis.

Results

Messenger RNA levels of the 5-FU metabolic enzymes
were assessed in 23 pairs of primary colorectal cancers
‘and corresponding liver metastases. The difference in the
quantities between duplicate PCR products was less
than 10%. No significant differences in mRNA levels
were observed for any clinicopathological features such
as gender, age, location of primary tumor, number of
liver metastases and method of obtaining samples from
liver metastases. Synchronous and metachronous liver
metastasis showed the same levels of gene expressions
{median values: TS 0.20 vs .22, P=0.69; DPD 0.57 vs
0.42, P=0.64; OPRT 1.6 vs 1.4, P=0.64; TP 26 vs 21,
P=0.42; UP 0.44 vs 0.32, P=0.74).

DPD, OPRT, TP and UP mRNA. levels in the liver
metastases were significantly higher than those in the
corresponding primary tumors (DPD 0.42 vs 0.16,
P=0.00053; OPRT 1.4 vs 0.92, £=0.016; TP 23 vs 11,
P=0.00014; UP 0.36 vs 0.25, P=0.026; Fig. 1). The TS
mRNA level did not significantly differ between the liver
metastases and the primary tumors (0.20 vs 0.16,
P=0.28). No significant correlation between the mRNA
levels of the primary tumors and those of their corre-
sponding liver metastases was noted for any of the genes
(TS P=048, DPD P=0.94, OPRT F=0.19, TP
P=0.81, UP P=0.90). There was a significant correla-
tion between the OPRT and TS mRNA levels both in
the primary tumors (rg=0.83, P=0.00000081; Fig. 2a)
and in the liver metastases (rs=0.49, P=0.017; Fig. 2b).
A similar relationship was noted between DPD and TP
mRNA levels in both primary tumors (rg=0.81,
P=0.0000024; Fig. 3a) and liver metastases (rg=0.63,
P=0.0014; Fig. 3b). Other correlations among the genes
were not found.

Discussion

We demonstrated that DPD, OPRT, TP, and UP
mRNA levels in liver metastases were significantly
higher than-in their corresponding primary colorectal
cancers, although no correlation was observed between
primary tumors and liver metastases. Previously, we
have shown that DPD gene expression in colorectal
cancers is associated with tumor progression, and
that higher DPD gene expression is present in liver
melastases than in primary tumors [36]. Johnston et al,

have suggested that suppression of translation of DPD

mRNA is removed in tumeor tissue, and proposed a
general mechanism by which pyrimidine nucleotide
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Fig. 2a, b TS and OPRT mRNA levels are significantly correlated
in both primary colorectal cancers (a rg=0.83, P=0.00000081) and
liver metastases (b rg=0.49, P=0.0017)

biosynthesis and degradation are coregulated to main-
tain a growth advantage in the tumor [21]. Takebayashi
et al. have reported that TP, which catalyses the
reversible phosphorolysis of thymidine and its analogues
to their respective bases 2-deoxyribose-1-phosphate, is
associated with tumor progression [37]. Previous inves-
tigators have shown that the expression of the initial
5-FU-anabolizing enzymes (OPRT, UP, TP, etc)) is
higher in various human cancers than in normal tissues
[7, 22, 26, 32), and suggested that the increase in the
expression of these enzymes may be an advantage via
increased pyrimidine nucleotide biosynthesis for cell
proliferation in cancer. The gene expression of thymi-
dine kinase (TK), one of the enzymes involved in salvage
DNA synthesis, correlates with malignant potential in
ovarian tumors, as well as with TP gene expression {13].

In the present study, a linear relationship between TS
and OPRT mRNA levels was observed in both primary
colorectal cancers and liver metastases. Kasahara et al.
have reported that TS gene expression correlates closely
with E2F1 expression, and speculated that one mecha-
nism by which tumor cells increase TS expression may
be overexpression of E2F], which induces- S-phase-
acting proteins such as TS [23). Fujiwaki et al. have

—194—



a Primary tumor

30 - O
2
w
< 20 4
Z O
Y
g & o
=
5 10 - Q 00 ©
ey 0O O
= %o

o L | ] L]

0 0.2 0.4 0.6
DPD/Bactin mRNA ratio

b Liver metastasis
=4
s
<
Z
E
=
g
Q.
=

0 Ll L] L) 1

0 2 4 6 8

DPD/B-actin mRNA ratic

Fig. 3a,b DPD and TP mRNA levels are significantly correlated in
both primary colorectal cancers (a rs=0.81, P=0.0000024) and
liver metastases (b rs=0.63, P=0.014)

demonstrated a linear relationship in gene expression
levels between TK 1 and TS in ovarian cancer, suggesting
that enzymes for DNA biosynthesis may be controlled
by several similar mechanisms {13]. TS and OPRT,
which are involved in de novo pyrimidine nucleotide
biosynthesis, may be coregulated in cancer cell prolif-
eration. DPD and TP gene expression were also posi-
tively correlated in both primary cancers and liver
metastases. Collie-Duguid et al. suggested that the
expression of DPD and TP protein is coregulated [7).

We measured gene expression using the TagMan
RT-PCR assay. This method is a more precise and
reproducible semiquantitation of gene expression than
conventional RT-PCR assays using agarose gel, because
it is based on threshold values in the exponential phase
of the PCR rather than end-point measurement of the
amount of PCR product [4]. In addition, this PCR assay
is suitable for smaller samples such as biopsy specimens
and can measure a larger number of enzymes in a
shorter time than other methods, including enzymatic
activity or protein assays [24].

Increased OPRT gene expression in liver metastases
may be associated with increased sensitivity to 5-FU,

395

because OPRT is a 5-FU-anabolizing enzyme and is
considered the main pathway of 5-FU initial phos-
phorylation in human cancers [14]. On the other
hand, increased TS, DPD, and TP may be associated
with decreased sensitivity to 5-FU. In patients with
extremely low expression of OPRT mRNA or high
levels of TS, DPD, or TP gene expression in liver
metastasis, it may be difficult to predict 5-FU sensi-
tivity of the metastasis via analysis of the gene
expression of the primary site.

The present study showed that the expression of
5-FU metabolic genes in liver metastases does not cor-
relate with that in the corresponding primary tumor.
The difference in the expression of 5-FU metabolic genes
between the primary site and liver metastases should be
taken into consideration when predicting the sensitivity
to 5-FU-based chemotherapy of colorectal cancer.
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'Results of surgical treatment

for multiple (>5 nodules)
bi-lobar hepatic metastases

from colorectal cancer

Abstract Background: The surgery
for the treatment of multiple (>5) bi-
lobar hepatic metastases from colo-
rectal cancer is controversial. This
retrospective study presents our ex-
perience in an attempt to develop
reasonable treatment guidelines.
Method: One hundred sixty-one con-
secutive patients who underwent liver
resection with curative intent were
classified into three groups: H1 (umi-
lateral}, H2 (bilateral, <4 nodules), or
H3 (bilateral, >5 nodules). Results:
The overall cumulative 5-year sur-
vival rate was 46.7%. Survival was
similar among patients with H1, H2,
and H3 disease. Thirty-two patients
with H3 disease underwent hepatec-
tomy: straightforward hepatectomy in
12, portal vein embolization (PVE})
prior to hepatectomy in eight, two-
stage hepatectomy in two, and two-
stage hepatectomy combined with
PVE in ten. Two-stage hepatectomy

with or without PVE was the standard
approach in patients with synchro-
nous liver metastases. The operating
mortality in hepatectomy for H3
disease was 0%, and the morbidity
was 15.2%. The overall response rate
to neoadjuvant chemotherapy (NAC)
was 41.7% (5/12). Patients who re-
sponded to NAC (n=5) had a better
prognosis than non-responders (n=7)
(P<0.05). Conclusions: Extended
hepatectomy, including preoperative
PVE and multi-step hepatectomy,
combined with NAC, may result in a
favourable prognosis, especially in
patients who respond to NAC, but
further studies with more patients are
needed to confirm this.

Keywords Colorectal cancer -
Multiple bepatic metastases - Bi-lobar
hepatic metastases - Neoadjuvant
chemotherapy - Hepatectomy

Introduction

Surgical resection 1s still the gold standard treatment for
patients with liver metastases from colorectal cancer, with
S5-year survival rates of 30 to 40%. However, the
hepatectomy rate in the patients is only 25% [1, 2]. At
the beginning of hepatic surgery for colorectal metastases,
only smali, solitary, uni-lobar, lesions were resected. With
progress in surgical techniques and improved surgical
skill, the indications for hepatectomy were extended to
include larger tumours, multiple unilateral metastases and
eventually, to multiple bi-lobar metastases when they
could be removed entirely [1, 2]. Some patients who

suffer recurrence after liver resection can undergo repeat
resection with benefit similar to that of the original
procedure [3, 4].

It is true that new techniques, such as preoperative
portal vein embolization (PVE), ultrasound-guided hepa-
tectomy, and multi-stage hepatectomy, have made ex-
tended hepatic resection safer. However, the survival
benefit of extended resection, combined with preoperative
chemotherapy for bilateral multiple metastases, has not
been established.

This paper reports our experience in treating multiple
bi-lobar liver metastases from colorectal cancer.
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Patients and methods
Patients

Between 1992 and 2001, 277 patients who were diagnosed as
having liver metastasis from colorectal cancer were referred to the
Department of Surgery II, Yokohama City University. Among these
patients, 163 underwent liver resection with curative intent.
Resection was incomplete in two patients. Consequentially, 161
patients (58.1%) of all patients with hepatic metastasis underwent
potentially curative resection.

We classified liver metastasis according to the Japanese general
rules for colorectal cancer [5] as follows: HI1, liver tumours
confined to one major lobe; H2, <4 hepatic tumowrs in both lobes;
and H3, >5 bi-lobar hepatic tumours.

Computed tomography {(CT) scans of the thorax, abdomen and
pelvis, as well as abdominopelvic ultrasonography, were performed
before hepatectomy to stage liver and exira-hepatic disease. CT
arterioportography or SPHO} MRI were also performed so as to
confinn the exact number of liver tumours.

Surgical management

Hepatic resection was attempted in patients with hepatic metastases
where the potential for cure was high and the patient was likely to
tolerate the procedure, regardless of the number of hepatic lesions.
Concurrent pulmonary metastases were not a contraindication
because these lesions do not significantly affect survival after
hepatectomy for liver metastases [6]. However, straightforward
hepatic resection was not performed in patients with uncentrollable
primary recuirence, diffuse peritones! dissemination, advanced
stage of lymph node metastases, or other extra-hepatic distant
metastases. Hepatectomy may or may not have conformed tn the

Fig. 1 Treatment strategies for
multiple (>5) bi-lobar liver
metastases from colorectal can-
cer. Grey area shows embolized
liver leston. Curved arrows are
lines of resection. PE portal
vein embolization

Straightforward
hepatectomy

Hepatectomy
with PE

Two-stage
hepatectomy

Two-stage
hepatectomy
with PE

principles of anatomic resection. A hepatectomy that ensured
tumour-free margins was the gniding principle.

Intraoperative hepatic ultrasound was used routinely to examine
the margin of the tumour and to detect the presence of occult
metastatic lesions. Lesions were resected with a CUSA system,
with isolation and division of hilar inflow and hepatic vein outflow
after parenchymal transection in cases of lobar resection.

When a few small nodules remained after major hepatectomy,
or when resection was contraindicated even by a two-stage
procedure or with preoperative PVE, adjunctive microwave tissue
coagulation therapy (MCT) using the model HS-15 M (Nippon
Koden, Japan) was performed in otherwise unresectable cases to
allow complete treatment of tumours. The decision to use MCT was
made on a case-by-case basis according to the intraoperative
findings.

Preoperative PVE and multi-stage hepatectomy

Even when the tumour was technically resectable, resection was
still contraindicated if the anticipated size of the remnant tiver was
so small that severe postoperative liver failure was a risk. PVE of
the liver has been developed as a technique to induce contralateral
compensatory hypertrophy of the future remnant liver, followed by
hepatectomy after an interval of 3 weeks. Straightforward hepa-
tectomy was indicated in patients with a prognostic score {7] of less
than 50, calculated from the indocyanine-green retention test,
expected liver resection volume by CT volumerric analysis [8], and
age. Mapping, using CT with arterioportography (CTAP), permits
the surgeon to resect the greatest number of tumours, with the
-potential for additional resection of any remaining tumours after
regeneration. If a right hepatectomy or a more extended hepatec-

- tomy were required to remove synchronous metastases, hepatic

resection was not performed concurrently with the colorectal
resection. It was our practice to carry out the hepatectomy at least 2

3 weeks

2 months

2 months .

(+ primary resection)
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months after resection of the primary when more than a small part
of liver needed to be removed. Percentage of future liver remnant to
whole liver volume was arbifrarily considered to increase by
approximately 10% after PVE, based on previous work [9].
Therefore, when the anticipated liver remnant weight after PVE
would be less than 25% of the total volume, the minimum volume
needed for a safe resection [10, 111, a two-stage hepatectomy with
PVE was performed. The timing of the second hepatectomy was a
function of liver regeneration, and the likelithood that the second
hepatectomy would be curative was based on the condition of the
remnant liver tumour. The median interval between the two
hepatectomies was 2 months (Fig. 1).

Neoadjuvant chemotherapy for patients with H3 disease

Neoadjuvant chemotherapy (NAC), or chemotherapy before hepa-
tectomy or before the major hepatectomy in a two-stage hepatec-
tomy, was administered to 12 of the 32 patients who underwent
resection for H3 disease.

These neocadjuvant chemotherapy regimens were conducted
regardless of initial resectability. However, in almost all cases in

which neoadjuvant chemotherapy was given, it was initially’

considered to be difficult to remove all the liver tumours present
with straightforward hepatectomy. )

NAC was administered via the hepatic artery, The protocol
consisted of a 5-day course of NAC, days 1 to 5 cisplatin (CDDF)
(10 mg/day), 1-folinic acid (FA) (150 mg/day) and S-fluorouracil
(5-FU) (500 mg/day), which was repeated at 14-day intervals, with
a 9-day interval of recovery. 5-FU and FA were infused contin-
uously, and CDDP was injected as a bolus. Four cycles were
administered. The response to NAC was assessed after the four
courses and defined according to the following criteria: (1)
complete response (CR), complete disappearance of all symptoms
and signs of disease for a minimum of 9 weeks; (2) partial response
(PR), a 50% reduction (or mere) in the sum of the products of the
perpendicular diameters of measurable disease and the appearance
of no new malignant lesion for a minimum of 9 weeks; (3) minor
response (MR), a 25% or greater reduction but less than a 50%
decrease in the size of sentinel lesions; (4) stable disease (SD),
appearance of no new lesions, less than 25% decrease or less than
25% increase in the size of measurable lesions: and (5) progression
disease (PD), more than 25% increase in the size of measurable
lesions and/or the appearance of new lesions. CR or PR was
considered tc be indicative of effective or responsive treatment for
the purpose of data analysis.

Patient follow-up

After being discharged, patients received adjuvant chemotherapy
via the hepatic artery with 5-FUJ (1,500 mg/over 24 h} once a week
for 8 weeks. For data analysis, the patients were classified into two
groups: those whose total administered dose of 3-FU was
<5,000 mg and those whose total administered dose of 5-FU was
>5,000 mg.

Patients were followed-up at our outpatient clinic monthly. Data
were abstracted from each patient’s clinical record, and long-term
outcome was obtained through clinical follow-up, tumour registry
follow-up, and contact with the patient, family, or referring
physician when necessary. No patients were lost to follow-up.
The serum carcinoembryonic antigen (CEA) concentration was
measured every month, a CT scan was performed every 3 months,
and a chest roentgenogram was obtained every 6 months for 5 years
after the last surgery.

The cumulative survival rate was calculated by the Kaplan—
Meier method. The significance of differences in the survival
curves was determined by the log-rank test. Statistical comparisons

of baseline data were performed by Student’s r-test or the 2 test.
The level of significance was defined as P<0.05.

Results

Reseaction rate

The overall resection rate was 58.1% (161/277). Accord-
ing to the extent of liver metastases, 90.3% (93/103) of
patients with H1, 72.0% (36/50} of patients with H2, and
25.8% (32/124) of patients with H3 disease underwent
resection. The reasons why resection was not attempted in
patients with H3 disease included unfeasibility of curative
hepatectomy (42.4%), unresectable primary lesion
(16.3%), extra-hepatic metastases (23.9%), local recur-
rence (5.4%), poor general condition (5.4%), and refusal

- of weatment (6.5%). The mortality rate was 0.6% (1/161).

Survival after hepatectomy

The median follow-up period for the 161 patients who
underwent hepatectomy was 36.2 months (range 1 to 134
months). Overall cumulative survival was 88.3% for
I year, 59.1% for 3 years, and 46.7% for 5 years after
surgery. The cumulative 5-year survival rates for patients
with H1, H2, and H3 disease were 51.2%, 42.8%, and
40.2%, respectively. Survival in the three groups was
similar (P=0.072) (Fig. 2). Cumulative liver recurrence-
free rates were 73.4% for 1 year, 52.4% for 3 years, and
49.7% for 5 years after surgery. The remnant liver
recurrence-free rates 5 years after hepatectomy were
59.3%, 38.5%, and 29.5%, respectively. The remnant
liver recurrence-free rate in patients with H1 disease was
higher than that in patients with H2 or H3 disease.
Recurrence developed within 40 months of hepatectorny
in most cases (Fig. 3).

Hepatectomy for H3 disease

Hepatectomy was undertaken in 32 patients with H3
disease and consisted of straightforward hepatectomy in
12 patients, preoperative PVE in eight, two-stage hepa-
tectomy in two, and two-stage hepatectomy combined
with PVE in ten. Adjunctive MCT was performed in one
patient who had a straightforward hepatectomy, two with
PVE, one with two-stage hepatectomy, and three with
two-stage hepatectomy combined with PVE. The decision
to perform multimodality treatment to avoid postoperative
Itver failure was made according to the specific clinical
characteristics in each individual case, although, gener-
ally, a two-stage hepatectomy was used more often in
cases of synchronous discase than in- metachronous
disease (Table 1).
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Of the 12 straightforward hepatectomies, right hepa-
tectomy, extended right hepatectomy, or right trisegmen-
tectomy with partial resection of the contralateral lobe,
was performed in three patients, left hepatectorny or
extended left hepatectomy with partial resection of the
contralateral lobe in three, central bi-segmentectomy in
one, and multiple subsegmentectoray with partial resec-

tion in five. Seven of these 12 patients are alive, with a
mean survival time (MST) of 22.4 months.

The eight hepatectomies performed after PVE in-
volved right hepatectomy, right extended hepatectiomy or
right trisegmentectomy with partial resection of the
contralateral lobe in five patients, left hepatectomy with
partial resection in one, and multiple segmentectomy with
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Table 1 Hepatectomy procedures in patients with H3 disease in
chronological relation to primary resection

Procedure Liver metastases

Synchronous  Metachronous
Straightforward (12) 9 3
Hepatectomy with PVE (8) 6 2
Two-stage hepatectomy (2) 2 0
Two-stage hepatectomy with 9 1

PVE (10)

partial resection in two. Four patients are alive with a
MST of 18.7 months.

Two-stage hepatectomy involved partial resection as
the initial hepatectomy and right hepatectomy with partial
resection of the left lobe as the second hepatectomy in one
patient, and partial hepatic resection followed by left

hepatectomy with partial resection of the right lobe in the

other patient. One patient died of disease 26 months. after
the second hepatectomy, and the other is alive with no
evidence of disease 52 months after the second procedure.

Ten patients underwent two-stage hepatectomy in
which PVE was performed during the first hepatectomy.
The initial procedure was partial or segmentectomy
followed by right or extended right hepatectomy in seven
patients, right hepatectomy followed by lateral segmen-
tectomy in one patient, left hepatectomy followed by right
segmentectomy with partial resection in one patient, and

right partial resection followed by extended left hepatec-
tomy with partial resection of the right lobe in one patient.
Six of the ten patients are alive, with a MST of 25.5
months.

Survival of patients with H3 disease who underwent
hepatic resection

The operating mortality rate of resection for H3 disease
was (0%, and the morbidity rate was 15.2% (5/33:
abdominal abscess in two patients, hyper-bilirubinaemia
in one, and biliary fistula in two). The 1-, 3-, and 5-year
survival rates were 79.5%, 57.6%, and 40.2%, respec-
tively. On the other hand, the corresponding survival rates
of patients who did not undergo hepatectomy were 47%,

8%, and 5%, respectively {data not shown). This differ-

ence was significant (P<Q.01).

When the characteristics of the patients with H3
disease who underwent hepatectomy with and without
NAC were compared, the former group had more extra-
hepatic metastases than the latter (P=0.043) (Table 2).
Five patients with NAC had extra-hepatic diseases: these
were three cases of lung metastasis, one local failure and
one case of both lung metastasis and peritoneal dissem-
ination. Curative resection of extra-hepatic lesions was
performed in four out of these five patients. Complete
resection of peritoneal disseminated tumours was per-

Table 2 Demographic and

“ or Variable Neoadjuvant Neoadjuvant P
clinical characteristics of pa- HAI () (n=12) HAI (O) (n=20)
tients with H3 disease who n (%) n (%)
underwent hepatectomy. P val-
ues for the primary site and the Primary lesion
hepatectomy (Hx) procedure )
weI;e calculated by the xl test, Duke's stage 2 1} (3'13)7) lg Egggg 0370
the others by Fisher’s exact test. Site Colon 9 E'/S'O) 9 ( 45'0)
HA[ inta-arterial chemotherapy Rectum 3 (25.0) 9 (45.0) 0.202
via the hepatic artery Colon and rectum 0 (0.0} 2(10.0
Histology Well differentiated ) 6 (50.0) 8 (4000
Moderately differentiated 6 (50.0) 12 (60.0) 0.718
Liver metastases )
Type Synchronous 9 (75.0) 16 (80.0) >0.999
Metachronous 3(25.0) 4 (20.0)
Size <60 mm 11917 14 (70.0) 0.212
>60 mm 1(8.3) . 6 (30.0)
Concomitant extra-hepatic Present 5(41.7) 2 (10.0) 0.074
metastases Absent 7 (58.3) 18 (20.0)
Treatment-related variables
Hx procedure Straightforward Hx 7 (58.3) 5(25.0) 0.014
Hx with PVE 0 0.0 8 (40.0)
Two-stage Hx 2 (167 0 (0.0)
Two-stage Hx with PVE 3(25.0) 7 (35.00
Adjunct MCT 4 (33.3) 3({15.0) 0.379
Tumour-free margin <5 mm 10 (33.3) 14 (70.0)
. >5 mm 2(16.7) 6 (30.0) 0.676
Post-Hx HAI (total dose . <5¢g 5{41.7) 9 (45.0)
of 5-FU) >5g 7 (58.3) 11 (55.0) >0.999
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Fig. 4 Overall survival (a) and remnant liver recurrence-free rate
(b) in patients who underwent necadjuvant chemotherapy

formed in another patient with concomitant bilateral lung
and peritoneal disease, but the lung lesions could not be
completely removed in this patient. Two patients without
NAC had lung metastases. Complete removal of the Iung
Iesions was performed in one of these patients.

During the first hepatectomy, the median blood loss
during hepatectomy was 1,183 ml (range 200-3,700) in
the NEO* group, and 1,300 m! (range 230-3,279) in the
NEO~ group. The median hospital stays for the two
groups were 30 days (range 14-50) and 20 days (range
13-66), respectively. When a two-stage hepatectomy was
performed, the median blood loss and the hospiial stay at
the second hepatectomy were 1,600 ml (range 670-7,000)
and 21 days (range 14-43) for the NEO* group, and
975 mi (range 750-1,300) and 20 days (range 13—43) in
the NEOQ~ group, respectively. The two groups were
similar in terms of intraoperative blood loss and length of
hospital stay postoperatively, after the first and second
hepatectomies.

The 1- and 3-year overall survival rates after hepatec-
tomy in the NEO" group were 90.9% and 46.8%, as
against 67.2% and 37.2% in the NEO™ group, respective-
ly. The 1- and 3-year recurrence-free rates for the remnant
liver after hepatectomy in the NEO™ group were 57.8%
and 28.9%, but were 34.7% and 34.7% in the NEO~
group, respectively. Survival and recurrence-free rates for
the remnant liver were also similar in the two groups.

The overall response rate of patients with NAC was
41.7%. When the patients who had received NAC were
subdivided into responders (n=5) and non-responders
{n=T7), survival of responders, who were all disease free,
was higher than that of non-responders (P<0.05). The
recurrence-free rate for the remnant liver tended to be
higher among responders than non-responders (P=0.052)
(Fig. 4).

Discussion

Several reports have established the efficacy of surgical
resection for solitary or few hepatic metastases from
colorectal cancer [12, 13, 14, 15]. However, the literaiure
regarding resection of four or more ruetastatic lesions is
contradictory. Cady et al. [16] reported that no patient
with three or more metastatic lesions had survived
disease-free for more than 48 months. Fong et al. [12]
reported that the presence of multiple metasiases is an
adverse prognostic factor from a prognostic score based
on the outcome of 1,001 patients who underwent hepatic
resection at a single institution. On the other hand,
Scheele et al. [13] reported that the number of metastatic
lesions did not predict outcome, provided that a tumour-
free margin of resection was achieved. Minagawa et al.
(1] also reported that patients with single nodules and
those with four or more lesions achieved better 10-year
survival rates than patients with two or three metastases.

The predictive value of the number of lesions for
survival has been controversial and, at times, contentious,
in the international surgical community. The discussion
has focused on the cut-off number of four metastases. For
some authors, this number represents the boundary
between patients who are capable of achieving an
acceptable outcome and those who are not [15, 16, 17].
In other reports, the number of patients who underwent
resection of more than four nodules was too small to
permit a meaningful evaluation of the data, or the
resections were not considered curative in most cases.
[13, 18]. In our study, the long-term survival of patients
with five or more bi-lobar tumours was similar to that of
patients with uni-lobar or four or fewer bi-lobar tumours.
This {finding is consistent with the report by Minagawa et
al. [1], despite a high frequency of hepatic recurrence.
Therefore, we believe that even patients with five or more
bi-lobar tumours should not be denied curative resection
if it is technically feasible. This treatment strategy has not
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changed in our institution since 1992. The importance of
this conclusion is underlined by considering the poor
outcome of patients treated with chemotherapy alone in
whom the 2-year survival rate is only 15% [19, 20].
However, Gayowski et al. [15] and 23% of the authors in
the paper reported by Minagawa et al. [1] considered bi-
lobar involvement a poor prognostic factor [15, 18). Our
results suggest that hepatic resection improves survival in
selected patients with bi-lobar metastases.

Safety was an important consideration in resection of
multiple bilateral metastases, particularly with regard to
margin clearance and postoperative hepatic function.
When we were concerned that the amount of liver tissue
remaining after curative resection would be inadequate,
ie. less than 30 to 40% of the liver [21], we used two
supplemental technigues. PVE was performed to induce
atrophy of the liver to be resected and induce hypertrophy
of the liver to be left. The same principle underlines two-

stage hepatectomy, in which a lateral segmentectomy may

be followed by a right hepatectomy. Azoulay et al. [21]
reported that preoperative PVE of the right lobe induced
an increase in the remnant liver volume, from 26£6% to
37 = 8%, and Kawasaki et al. [22] reported that PVE of
the right side increased the left side volume to 24%. We
(23] also have reported that preoperative PVE not only
induces hypertrophy but also improves function of the
contralateral lobe. Once hypertrophy of the contralateral
lobe had occurred following PVE, all eight patients were
considered to have sufficient remmant liver, based on
volumetric assessment, to tolerate the initial planned
resection, and the actual clinical courses after extended
liver resection were uneventful.

When multiple bilateral metastases are present, safe
curative resection s not always possible, even with PVE.
In such cases, the two-stage procedure, which provides a
safer and potentially more curative hepatectomy, was
used. The initial hepatic resection was intended to remove
as many metastases as possible, even though not all could
be resected. After the remonant liver had undergone
hypertrophy, secondary hepatectomy was performed only
when it was potentially curative, i.e. there was no tumour
progression, and adequate residual parenchyma.

Bismuth et al. [24] reported that the secondary hepatic
resection can be performed with little surgical mortality
[1, 11], 36% clear surgical margins and a 5-year survival
rate of 40%. Adam et al. [25] found that a two-stage
hepatectomy was feasible in 13 of 16 patients. The
mortality rate was 0% for the first hepatectomy, and 15%
for the second. The 3-year survival rate was 35%, and
median survival was 31 months after the second hepa-
tectomy. We agree with Adam et al. that a two-stage
bepatectomy may induce long-term survival in selected
patients with unresectable multiple metastases by straight-

forward hepatectomy, and increase the percentage of
patients with resectable disease.

In the present study, MCT was performed as an
adjunct to several types of hepatectomy in seven of the 32
patients with multiple bi-lobar liver metastasis. MCT was
initially reported in 1986 [26] as a form of thermal
ablation therapy. It was also reported that the long-term
outcome of patients with liver metastases treated by MCT
was comparable to that of patients treated by hepatectomy
[27]. Complete necrosis of metastatic liver tumours was
reported to have been achieved in more than 80% of cases
[28]. At present, this technique is considered to be a
promising therapy for patients who are not suitable for
hepatic resection or as an adjunct to liver surgery,

Unfortunately, recurrences still occurred in two-thirds
of patients after hepatectomy. In the cumrent study the
survival rate of patients who achieved at least PR
following chemotherapy was higher than patients who
did not. This cutcome suggests that suppression of
subclinical lesions and micrometastases by NAC is
necessary to produce a survival effect for hepatectomy
in patients with H3 disease. NAC had no effect on hepatic
recurrence or any survival benefit. However, patients who
responded to NAC did have better survival. Therefore, we
need to establish some objective determinate of the
chemosensitivity of each patient. _

Although several studies suggested that adjuvant
hepatic arterial chemotherapy had not reliably translated
into an overall survival benefil after hepatectomy, it

yielded significant improvements in hepatic recurrence.

{29, 30]. Furthermdre, the response rate to this treatment

was usually higher than that to systemic chemotherapy‘_":

[31]. Therefore, we performed hepatic arterial chemo-
therapy on multiple bi-lobar liver metastasis as a neoad-

juvant measure. On the other hand, with regard to the. .

problem of the high rate of extra-hepatic recurrence after

hepatectomy, we may reconsider replacing adjuvant .

s f ]

EEER TN

hepatic arterial chemotherapy after hepatectomy with - . *

hepatic arterial chemotherapy together with systemic °

chemotherapy in the manner previously reported [29].

Bismuth et al. [24] and Giacchetti et al. {32] reported e

that the benefit of chemotherapy to patients who respond
favourably to it has been incompletely explored and that it
may allow secondary resection of liver metastases when
curative primary resection is impossible. It is unclear
whether preoperative chemotherapy, postoperative che-
motherapy, or both, is the most efficacious. The present
review does suggest, however, that some form of adjuvant
chemotherapy will emerge as the best treatment for
resectable liver metastases, especially when multiple
lesions are present bilaterally.
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INTRODUCTION

In Dukes C colorectal cancer, even when curative
surgery is performed, the overall 5-year survival is
only around 60% because of tumor recurrence. The
liver is the most frequent site of recurrence, account-
ing for 40 to 50% of all colorectal cancer recurrences
(1). The best treatment for liver metastases of colorec-
tal cancer is major hepatic resection. The 5-year sur-
vival rate of cases with curative resection for liver
metastasis is 25% (2), but in fact, only 10 to 20% of
patients with liver metastases undergo surgical treat-
ment. An effective adjuvant treatment should there-
fore be devised to prevent liver metastases,

Metachronous liver metastasis may arise from
microscopic metastases that are undetected at initial
surgery. Otherwise, it may originate from tumor cell
emboli reaching the portal system via the mesenteric
vein during the initial surgery. Consequently, previ-
ous studies have advocated portal injection of cytotox-
ic agents at the time of surgery and during the post-
operative period to prevent metachronous liver metas-
tasis (3,4). However, a large randomized trial of portal
vein infusion of fluorouracil and heparin showed that
they had no significant impact on survival (5.
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In the present study, we investigated whether
adjuvant hepatic arterial infusion chemotherapy could
reduce the incidence of metachronous liver metastasis
and prelong patient survival.

METHODOLOGY

At Yokohama City University Hospital, from 1993
to 1997, out of 191 patients with histologically con-
firmed Dukes C colorectal cancer who had had cura-
tive surgery, 90 patients received adjuvant hepatic
arterial infusion therapy. Informed consent was
obtained preoperatively from all patients eligible for
the trial. Physical examination, computed tomography
of the abdomen and pelvis, chest radiography or com-
puted tomography were performed so as to deron-
strate that there was no evidence of synchronous liver
metastasis or other distant metastases.

During the operation, ultrasound sonography was
also performed to confirm that no liver metastases
were present. At the time of pump insertion, cholecys-
tectomy was performed if it had not been done previ-
ously. The tip of an arterial catheter was placed at the
point where the gastroduodenal artery branched off
from the common hepatic artery. The right gastric
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artery and small branches supplying the duodenum
were ligated.

Arterial catheterization using an interventional
radiologic procedure was performed in patients where
lymph node metastases were confirmed for the first
time by postoperative pathologic study,

Hepatic arterial infusion chemotherapy (HAIC)
was performed in the Outpatient Department. The
adjuvant treatment regimen used was as follows; from
1993 to 1995, 5-fluorouracil (5-FU) (350mg/24 h) was
administered by continuous infusion pump for 5 days
at two-week intervals, and was repeated six times.
This regimen resulted in frequent catheter occlusion
and was changed in 1996 to a weekly dose of 5-FU
(1500mg/24 hours} for eight weeks. After completing
the regimen, all patients were given oral fluoropyrim-
idine for two years.

BDuring the 5-FU infusions, patients were checked
every week for side effects. Assessment of toxicity was
carried out according to the WHO criteria after each
cycle of treatment. Computed tomography of the
abdomen and pelvis, and chest radiography were per-
formed every three months, and laboratory examina-
tions, including tests for tumor markers, were per-
formed every month to prove or exclude tumor recur-
rence.

As a historical study, the clinical courses of the
HAIC group patients were compared with those of the
62 patients in the non-HAIC control group, in which
patients were also given oral fluoropyrimidine for two
Years.

We drew Kaplan-Meier curves to estimate the
overall duration of survival and of disease-free sur-
vival. Data for the two groups were compared by
means of the log-rank test using a significance level of
5%.

RESULTS

Of the 90 patients who received adjuvant hepatic
arterial infusion. therapy, 20 were excluded because
the total chemotherapy dosage of at least 7g of 5-FU
could not be completed due to 15 cases of catheter
occlusion, 4 of nausea and appetite loss, and 1 of stom-
atitis (Table 1). Therefore, analysis was performed
using the 70 patients who formed the HAIC group.
Toxic effects occurred in 14 patients (20%); nauseas,
appetite loss, or both developed in 12 patients, abdom-
inal pain developed in 4 patients, and liver dysfunction
developed in 2 patients. None of these toxic effects
exceeded grade 2 of the WHO criteria. No diarrhea
and bone-marrow suppression was observed in this
study (Table 1). The backeground characteristics of
the patients are presented in Table 2, and show no
significant differences between the HAIC group and
the non-HAIC group in terms of sex, age, location of
tumor, depth of tumor, locations of positive lymph
nodes, tumor pathology, tumor size, serum CEA level
or median follow-up period.

There were recurrences in 18 of the 70 patients in
the HAIC group and in 19 of the 62 in the non-HAIC
group (Table 3). In the HAIC group, the site of initial
recurrence was the liver in § patients, the lung in 7,

TABLE 1 Regimen and Toricty .

Regimen and toxicity

5-FU 1750mg/5days/2Zweeks
continuous i.a.
X 6 (1993-1996)

no. of patients 49

Catheter occlusion 14
Nausea/appetite loss 2

33 patients completed

Nausea/ appetite loss 8
Abdominal pain 3
Liver dysfunction 2

5-FU 1500mg/24hr/week
continuous i.a.
x 8 (1996-1997)

no, of patients 41

Catheter occlusion 1
Nausea/appetite loss 2
Stomatitis 1

37 patients completed

Nausea/ appetite loss 6
Abdominal pain 1
Liver dysfunction

ABLE 2 Various Sharatenstcs of the Tud Groups

Non-HAIC group

HAIC group
{(n=70) (n=62)
Sex Male 47 37
Female 23 25
Age Average 60.1 60.5
Range 29-83 29-82
Locaticn Colon 40 26
Rectum 30 36
Depth of tumor Within proper muscle 10 8
Beyond proper muscle 60 54
Location of positive Proximal 47 33
lymph nodes Distal 23 29
Pathology Well’ 34 14
- Moderately 26 30
Poorly 2 2
Mucinous 3 <]
Tumor size (mm)  Average 48.2 54.7
Range 12-130 15-120
Serum CEA Average 9.5 79
level (ng/mL) Range 0.5-69 0.6-69
Median foliow-up period (month) 42.2 48.5

the brain in 1, local tissues in 4 patients and peritoneal
dissemination in one. Nine of these 18 patients died of
recurrent colorectal caneer. In three of the 5 patients
who had liver metastases, metastatic lesions were
resected. One of them still survives after 54 months.
Five of the seven patients with lung metastases under-
went surgery, and six of the seven are still alive. The
cases with brain metastasis and peritoneal dissemina-
tion were all inoperable, and 2 of the patients were
dead within 24 months.

Resection of the tumors was performed in 2 of the
4 cases of local recurrence, and the patients survive at
this present tjme. The cumulative overall 5-year sur-
vival rate of the HAIC group was 84.1%, which was
significantly higher than that of the non-HAIC group
(65.2%, p=0.0369) (Figure 1). The cumulative 5-year
liver metastasis-free ratic shows no statistical differ-
ence between the HAIC group (92.7%) and the non-
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