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Summary

Surgery for colorectal liver, pulmonary and
lymph node metastases

Tomoyuki Kato*, Takashi Hirai*

and Yukihide Kanemitsu ™

The prognosis for patients with metastases from
colorectal cancer that remain unresected is poor and
complete resection of metastases is the only known
treatment associated with long—term survival.

For hepatic metastases there are two types of hepatic

resection ; anatomic resection and wedge resection.
The five — year survival rate after hepatectomies is 20
~50%. Repeated hepatectomies and regional lymph-
adenectomies may be effective in prolonging the sur-
vival of selected patients with hepatic metastases. The
following factors were found to be predictors of poor
long~term outcome : positive margins, regional lymph
nodes which were positive, satellite nodules and inva-
sive factors, extrahepatic disease, a large number of
hepatic tumors, postoperative CEA level >5ng/m! and
postoperative CA19-9 levels >50ng/ml.

For pulmonary metastases there are the following
types of treatments ; wedge resection, lobectomy and
pneumonectomy. The use of video assisted thoracic
surgery (VATS) in the management of pulmonary me-
tastases is being evaluated. The five-year survival rate
is 16~62 % .

The important prognostic factors are follows: in-
complete resection, hilar and mediastinal lymph node
metastases, histology of the primary site, high preop-
erative CEA levels, and disease free interval from time
of colectomy to pulmonary metastatectomy.

Concerning lymph node metastases: In patients with
para — aortic lymph node metastases, the median sur-
vival time was 24 months in patients receiving lymph
node dissection and 4.5 months without lymph node
dissection. In those with inguinal lymph node metas-
tases, the median survival time was 37 months with
lymph node dissection and 12 months without lymph
node dissection.

*Department of Gastroenterological Surgery, Aichi
Cancer Center Hospital, 1- 1 Kanokoden, Chikusa—ku,
Nagoya, Aichi 464~8681, Japan

Key words : metastases from colorectal cancer, he-
patic metastases, pulmonary metastases, lymph node
metastases, surgery for metastases from colorectal
cancer
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Abstract

Background. This study was conducted to evaluate the
prognostic significance of thymidylate synthase (TS) ex
pression in the tumor tissue of patients with metastatic
colorectal cancer (CRC) who received protracted venous
infusions of 5-fluorouracil (5-FU).

Methods. We retrospectively analyzed the prognostic value
ol 1S expression as compared with other clinical prognostic
factors in 57 patients with metastatic CRC.

Resulrs. On univariate analysis, survival was significantly
related to 1S expression (low vs high; 2 0.0013), alkaline
phosphatase (ALP) level (<300 vs =3001U/; P = 0.0037),
performance status (0 or 1 vs 2 or 3; - 0.0073), and white
blood cell count (~ 10000/mm’ vs =10000/mm* P
0.0001), with number of metastatic sites (1 vs =2; P+ 0.06)
approaching significance. On multivariate analysis, survival
was significantly related to TS expression (hazard ratio
[HR], 2.97) and ALP level (HR, 2.26).

Conclusion. In patients with metastatic CRC who received
protracted venous infusions of 5-FU, TS cxpression was
related to survival independently of other established clini-
cal prognostic factors.

Key words Colorectal cancer - Fluorouracil - Prognostic
factor - Continuous infusion - Thymidylate synthase

Intreduction

Colorectal cancer (CRC) is one of the most common malig-
nancies in the world and the third most fatal malignant
neoplasm in Japan. The mainstay of drug treatment for
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metastatic CRC for more than 40 years has becen 5-
fluorouracil (5-FU). Protracted continuous infusion of 5-FUJ
was initially proposed by Lokich et al,,’ and a recent meta-
analysis comparing continuous infusion of 5-FU with bolus
injection found that the patients with protracted infusional
therapy had a higher response rate and longer survival,
Furthermore, prolonged exposure to stable levels of 5-FU
reduced the associated hematologic toxicity.” Although re-
cent clinical trials of combination thzrapy with irinotecan or
oxaliplatin have demonstrated improved survival, 5-FU re-
mains onc of the most important drugs (or the treatment of
metastatic CRC.

Various clinical variables, including performance status
(PS), lactate dehydrogenase (LDH), alkaline phosphatase
{ALP), white blood cell (WBC) count, hemoglobin level,
histologic grade, and tumor markers such as carce
inoembryonic antigen (CEA) are recognized prognostic
factors in advanced CRC." Kohne ct al.” reported that PS,
WBC count, ALP, and the number of metastatic sites were
uselul clinical predictors of survival in a large series of
patients who received 5-FU-based treatment for CRC.

Thymidylate synthase (TS), the primary intracellular tar-
get enzyme for the fluoropyrimidine class of chemothera-
peutic agents, has been studied as a prognostic marker of
fluoropyrimidine-based therapy.”™ To our knowledge, how-
ever, no study has cvaluated whether TS is related to sur-
vival independently of recognized prognostic factors in
advanced CRC.

In the present investigation, we retrospectively exam-
ined the prognostic significance of TS expression and other
clinical variables in 57 patients with metastatic CRC who
received protracted venous infusions of 5-FU.

Patients and methods
Patients

Fifty-seven patients with metastatic CRC who received
protracted venous infusions of 53-FU between January and

—172—



December 1998 at the National Cancer Center Hospital
were studied retrospectively. All patients had (1) metastatic
or relapsed CRC, conlirmed pathologically; (2) PS (Eastern
Cooperative Oncology Group) of 0 10 3; (3) received none
or one previous course of chemotherapy; (4) no severe co-
existent disease: and (5) available tumor samples.

I'reatment

All patients received 5-FU intravenously at a dose of 200 to
250mg/m’ daily. The drug was delivered through a central
venous catheter connected to a Surefuser A 50-mi dispos-
able pump (balloon infusional pump purchased from Nipro,
Tokyo, Japan) or an electric ambulatory pump. Trcatment
was discontinued if grade 2 or more severe treatment-
limiting toxicity developed, such as mucositis, diarrhea,
hand-foot syndrome, or hematological toxicity. according to
Waorld Health Organization (WHQ) criteria. he infusion
was interrupted until resolution of the toxicity and then
resumed at the same dose. Treatment was terminated if
progressive disease was confirmed or if the patient refused
to continue therapy.

Response and survival

Tumor response was evaluated according to the WHO cri-
teria in patients with metastatic CRC who had assessable
measurable lesions other than peritoneal and bone metasta-
sis. Overall survival time was measured [rom the date of the
initial treatment until the tme of the fast follow-up visit or
death.

TS staining

[mmunohistochemical studies were performed by the avi-
din-biotin complex immunoperoxidase technique. Paraffin-
embedded tissue was cut into d-pm-thick sections. The
specimens of 44 primary tumors and 13 liver metastases
resected from 57 patients with advanced CRC were ana-
Ivzed immunohistochemically. Alter deparatfinization in
xvlene, the scctions were hydrated through a series of
graded alcohols and distiled water. Shides ol the sections
were placed in methanol containing 0.3% hydrogen peroxi-
dase for 20min at room temperature to block endogenous
peroxidase actlivity.

The slides were then immersed in [0mmold citrate
bulfer, pH 6.0, autoclaved at 121 C for 1S min. and cooled at
room temperature for 20min. After the sections were incu-
bated with normal horse serum (Vector, Burlingame, CA,
LISA) for 30min to block nonspecific antibody binding sites,
primary antibody was applicd, and the scctions were incu-
bated overnight at 4°C in a high-humidity chamber. The
primary antibody used for immunohistochemical analysis
was anti-human TS polyvclonal antibody.” After three
washes with phosphate-bulfered saline (PBS), the slides
were incubated with a 1:200 dilution of biotinylated horse
anti-mouse/anti rabbit 1gG (Vecetor) for 30min, washed
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three times with PBS, and incubated with avidin-biotin-
peroxidase complex (Vector) for 60min. Peroxidase stain-
ing was performed for 3-5min, using a solution ol
33 -diaminobenzidine tetrahvdrochloride in Tris-buffered
saline (113S) containing 0.01% hydrogen peroxide. The sec-
tions were counterstained with Mayer’s hematoxylin for
105, dehvdrated in a series of ethanol, cleared in xvlene, and
mounted under a cover slip with a permanent mounting
mediunt Sections known to stain positively were included
in cach run as positive controls. Negative control sections
were processed without the primary antibody.

All samples were read blindly. TS expression was quan-
tificd according to a visual grading system based on the
intensity of staining and was arbitrarily classificd into high
and low groups according to the visual grading system.
The highest staining intensity found in a tumor was used
for classification. The agreement of TS intensity scoring
reached by two independent observers was greater than
90%. When there was disagreement, intensity was deter-
mined by consensus.

Statistical analysis

I'he ¥7 test, Fisher's exact test, and Student’s (-test were
used o compare clinicopathologic features, including fow
and high TS cexpression. Survival was estimated by the
Kaplan-Meier method, and statistical ditferences were de-
termined by the log-rank test. The variables included in
univariate survival analysis were PSO ALP, WBC count,
number of metastatic sites, and TS expression. Multivariate
analysis was performed using Cox’s proportional-hazards
modei. All caleulations were performed with the use of the
Stat View J-5.0 statistical software package (SAS Institute,
Cary, NC, USA) P values of .05 or less were regarded as
significant.

Eésults

Included in the present study were 57 patients with a me-
dian age of 59 years. Twenty-four patients had received
prior chemotherapy. Twelve patients had been treatéd
with hepatic arterial infusion of 5-FU, 8 patients with oral
fluoropyrimidines such as uracil/tegafur or 5'-deoxy-5-
fluorouridine, and 4 patients with 5-FU and irinotecan. TS
expression was high in 25 tumors (44%) and low in 32
tumors (56%). The relation between clinicopathologic
features and TS expression is summarized in Table 1. No
significant differences in clinicopathologic features were
found belween patients with low and those with high
TS expression. '

The median treatment period in the 57 patients was 169
days (range, 28~1269 days). There was no treatment-related
death. Filty-three patients were assessable {or response Lo
chemotherapy. An objective response was seen in 16 of the
53 paticnts with assessable disease (30%; 95% confidence
interval, 22%-38%), including 2 (4%) complete responses.
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Table 1. Relation between clinicopathologic features and thymidylate synthase (I'S) expression

Na. of paticnts

P Value

TS high TS low
(n =+ 25) (32
Age (years) 0.83
60 14 17
=60 11 15
Sex 0.90
Male 16 21
Female 9 11
Location of tumor 0.49
Colon 15 22
Rectum 10 10
1-COG perlormance status .59
Oorl 18 25
20r3 7 7
Tumor differentiation 0.99
Adenaocarcinoma
Well 12 15
Modcrately 12 16
Poorly 1 1
T'umor sample 0.35
Primary tumor 21 R
Liver 4 9
Number of metastatic sites 0.27
1 13 i2
22 12 20
No. of prior chemotherapy regimens 07
0 17 16
! 8 16
WBC count (per mm’) 1 O87
- 10000 5 29
= 10000 7 3
ALP (1UL/h) 0.55
- 300 9 14
=200 i6 18

ECOG. Eastern Cooperative Oncology Group

The median survival time (MST) for all paticnts was 365
days; - and 2-vear survival rates were 54% and 25%, re-
spectivelv. Survival curves for the patients with fow TS ex-
pression and those with high TS expression are shown in
Fig. 1. There was a significant differcnce between the two
groups; the MST was 553 days in the patients with low TS
expression and 237 days in those with high TS expression (f?

0.0015). We investigated for a correlation between 1S
expression and the response to protracted venous infusion
ol 5-FU; however, TS expression did not significantly cor-
relate with the clinical response to this trecatment. The re-
sponse rates were 37% (11/30) in the low IS group and
22% (5/23) in the high- TS group (7 0.366).

Five variables were included in the univariate analysis to
determine their relation to survival. Significant. predictors
of poor survival were high TS expression, an ALP level
of 30011 or higher, a PS of 2 or 3, and a WBC count of
10000/mm* or higher. ’

The four variables significantly related to survival on
univariale analysis were entercd in multivariate regression

P=0.0015

Survival rate

800 1600

Time (days)

1200

Fig. L. Survival and the expression of thymidylate synthase (7). Cu-
mulative Kaplan-Meier survival curves according to I'S expression in
57 patients with metastatic colorectal cancer (CRCO)Y who reecived pro-
tracted venous infusions of S-fluorouracil (FU)
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Table 2. Univariate and multivariate analyses ol possible prognostic factors for survival

Variable Univariate analysis Multivariate analysis
P Value HR 95% (1 I’ Value
TS expression
Low 1
High 0.0015 297 1.45 6.08 0.0028
ALP
- 300104 !
= 30010 0.0037 2.26 111 46l 0.025
Number of metastatic sites
1
-2 0.060
pS
Qorl 1
2013 0.0073 .60 .77 3.30 021
WBC {(per mm’)
10060 |
10000 0.0001 146 0.57 .73 043

HR. hazard ratio: 957 CL 953% conlidence interval: 1S, thymidviate svathase

analysis. using the Cox proportional-hazards model. TS ex-
pression and ALP fevel were found to be independent and
significant predictors of survival in the Cox model (hazard
ratios, 2.97 and 2.26, respectively: Table 2).

Discussion

The clinical significance of TS expression in surgicall
resected tissue specimens was examined in 57 patients wit
metastatic CRC who reecived protracted venous infusions
ol 5-FUL Our results showed that the MST of patients with
low TS expression was longer than that in paticnts with high
TS expression. Moreover, multivariate analvsis demon-
strated that the intensity of 'S expression was an indepen-
dent (and the strongest) prognostic factor.

A number of prognostic factors have been linked to the
outcome of 5-FU-based chemotherapy in patients with
metastatic CRC. Previous studics have shown that PS is one
of the most significant predictors of survival. 7~ Other
prognostic factors are also associated with the outcome of
meltastatic CRCL including LDH,” ALP." WBC count, -
serum albumin level,* ~ hemoglobin level,” pathological
grade, CEA, ' " and number of metastatic sites.  Kohne

y
h

et al’ reported that PS, WBC count, ALP. and number of

meltastatic sites were useful elinical predictors of survival in
3825 patients given 5 -FU-based treatment for metastatic
CRC. Thus, we included these four clinical variables in our
multivariate model.

Many studics have attempted to identify new biochemi-
cal and molecular predictors of survival, such as 1S, P53,
and dihydropyrimidine dehvdrogenase (DPD). Among
these biochemical markers, 1S has been demonstrated in
several studies to be a potentially valuable prognostic
marker of the response 1o 5 FU-based chemotherapy, ™™
T'o our knowledge, no previous study has examined

whether TS is an independent prognostic factor, unaffected
by established common clinical predictors of survival in
advanced CRC. New molecular or biological markers
should be validated against established clinical variables.
We Tound that high TS expression was a potent predictor of
shorter survival on univariate analyvsis and an independent
prognostic factor on multivariate analysis.

Although TS expression did not significantly correlate
with the clinical response, responders were seen more often
among the patients with low 'T'S expression compared with
those with high IS expression, e, 37% (11/30) in the low-
I'S group and 22% (5/23) in the high-1'S group. Our study
was not a randomized trial, but a retrospective study. Thus,
small sample size and some sclection biases in the present
population may have contributed to the outcome; however,
low- IS cancer may be slow growing and biologically less
malignant compared with high- TS cancer, regardless of the
presence of 5-FU inlusion therapy.

In conclusion, our results showed that high TS expres-
S1I0N i tumor tissue was an independent prognostic factlor in
paticnts with metastatic CRC who received protracted
venous infusions of 5 FU.

References

1. Lokich J. Bothe A, Fine Noctal (1981) Phase Tstudy of protracted
venous infusion of S-fluorouracil. Cancer 48:2565 2568
2. Meta-analysis Group in Cancer (1998) Elficacy of intravenous con-
tinuous infusion of fluorouracil compared with bolus administri-
tion in advanced colorectal cancer. J Clin Oneol 16:301 308
- Gral W, Bergstrém R, Pahlman 1. ot al. (1994) Appraisal of a
model for prediction of prognosis in advanced colorectal cancer.
Fur J Cancer 30A:453 457
4. Kemeny No Brawn DW Jr (1983) Prognostic factors in advanced
colorectal carcinoma  Importinee of lactic dehydrogenase level
performance status, and white blood cell count. Am ) Med 74:786
794

s

—175—



392

0.

=

o/t

10.

- Massacesi C.Norman A, Price T, et al. (2000) A clinical nomogram

for predicting long-term survival in advanced colorectal cancer.
Eur J Cancer 36:2044 2052

Kohne CH. Cunningham D. Costanzo FD. et al. (2002) Clinical
determinants of survival in patients with 5-fluorouracil-based treat-
ment for metastatic colorectal cancer: results of & multivariate
analysis of 3825 patients. Ann Oncol 13:308 317

. Aschele € Debernardis D, Casazza S, et all (1999) Immunohis-

tochemical guantitation of thymidylate synthase expression in
colorectal cancer metastases predicts for clinical outcome 1o
fluorouracil-based chemotherapy. J Clin Oncol 17:1760 1770

. Leichman CGL Lenz 1. Leichman L. et al. (1997) Quantitation of

intratumoral thymidylate synthase expression predicts for disseni-
nated colorectal cancer response and resistance 1o protracted-
infusion fluorouracil and weekly leucovorin. 1 Clin Oncol 10:3223
3229

- Okabe H. T'sujimoto 1L Fukushima M (1997) Preparation of the

antibodies against recombinant human thymidylate synthase for
the detection of its intratumoral levels and the application to sen-
sitivity=study of S-fluorouracil. Oncol Rep 4:085 690

Johnston PG Fisher ER, Rackette TE, et al (1994) The role of
thymidylate synthase expression in prognosis and outecome of adju-
vant chemotherapy in patients with rectal cancer J Clin Oncol
12:2640 2647

Assersohn Lo Norman AL Cunningham DL et al (1999) Influence
ol metastatic site as an additional predictar for response and

o

. Steinbereg Jo Eilichman C0 Gadalla T,

outcome in advanced colorectal carcinoma. Br ] Cancer 79:

1800 1805

- Edler L. Heim ME, Qiuntero C.et al. (1986) Prognastic factors of

advanced colorectal cancer patients. 1iur J Cancer Clin Oncol
22:1231 1237

. Graf W, Glimelius B, Pahlman 1. ¢t al. (1991) Determinants of

prognosis in advanced colorectal cancer. Fur J Cancer 27:1119
1123

. Massacesi C Pistith B. Valeri M. et al. (2002) Predictors of short-

term survival and progression to chemotherapy in paticnts with
advanced colorectal cancer treated with S-luorouracil-based regi-
mens. Am J Clin Oncol 25:140 148

et all (1992) Prognostic
factors in patients with metastatic colorectal cancer receiving
S-fluorouracil and folinic acid. Bur J Cancer 28A:1817 1820

. Chang AT Steinberg SML Culnane M. et al (1989) Determinants

of survival in patients with unresectable colorectal liver metastases.
J Surg Oncol 40:245 251

- Webb AL Scott-Mackie Po Cunningham DL et al. (1995) The prog-

nostic value ol CEA beta HOGC AFP. CAT2S. CATYY, Caerb B-2,
and beta HOG immunohistochemistry in advanced coloreetal can-
cer Ann Oncol 6:581 587

S Gonen M Hhummer AL Zenvoudakis A et al (2003} Thvmidylate

synthase expression in hepatic tumors s a predictor of survival
and progression in patients with resectable metastatic colorectal
cancer. J Clin Oneol 21406 412

—176—



Int J Clin Oncol (2004) 9:364 368
DO 10.1007/s10147-004-0407-3

© The Japan Society of Clinical Oncology 2004

Ayumu Goto - Yasuhide Yamada - Ayumu Hosokawa
Takashi Ura - Tatsuhire Arai - Tetsuya Hamaguchi
Kei Muro - Yasuhiro Shimada - Kuniaki Shirao

Phase I/l study of irinotecan, 5-fluorouracil, and Feucovorin
combination therapy (modified Saltz regimen) in patients with metastatic

colorectal cancer

Received: January 15, 2004 7/ Accepted: March 23, 2004

Abstract

Background. A combination of irinotecan 125mg/m’, 3
Nuorouracit (5-FUD 5()()1113;/’111", and  leucovorin (LV)
20mg/m’ (Saltz regimen; treatment on days 1, 8, 15, and
22 cvery 6 weeks) is widely used for the treatment of
metastatic colorectal cancer. A modilied schedule with
chemotherapy on davs 1 and 8 of a 21-day cyele was recom-
mended in 2001 because of carly treatment-related mortal
iy. We conducted a phase T study of this modified Salty
regimen as first line therapy in Japanese patients with meta-
static colorectal cancer to assess the maximum tolerated
dose (MTD) and the recommended dose of 3-FU when
given with fixed doses of [-LV and irinotecan, and to evalu-
ale the efficacy and the feasibility of this regimen.
Methods. Irinotccan, 5-FU, and [-LV were administered on
days | and 8 of a 21 day cvele, Irinotecan 100mg/m® was
given intravenously over the course of Y0min on dav 1,
followed by [-LV 10mg/m’, and then 3-FUL The dose of 5
FU was escalated {rom 400mg/m’® (level 1) to S00mg/m’
(level 2). 11 neither level met the critetia for the MTD. the
recommended dose was defined as lovel 2,0 and dose escala
tion was discontinued, because the maximum approved
weekly dose of irinotecan alone in Japan is 100mg/nr
and the dose of 5 FUF in the original Saltz regimen was
S00mgim’.

Results. One patient had grade 4 neutropenia with tever al
level 1, and four patients had grade 3 neutropenia at fevel 2,
There was no treatment-related death. Level 2 did not mect
the criteria for the MTD. The relative dose intensities of the
first five cycles were 91% for both S FU and irinotecan at
level T and 86% for 5 FU and 93% for irinotecan at level 2.
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Fhe response rates were 8%
patients at level 2.
Conclusion. Our results conlirm that the modified Saltz
regimen is safe and ctficacious for Japancse patients. The
recommended doses for phase 11 studies -are irinotecan
H0mg/m’, 5-RU 500mg/nv, and [-LV 10mgim’.

{for all patients, and 69% for

Key words Colorectal cancer - 5 Fluorouracil - Irinotecan -
[-Leucovorin - Phase AL study

!ﬁfoduction

A combination of S-fluorouracit (5-FU) and leucovorin
(LV), the standard first line therapy for advanced colorectal
cancer for two decades, has a response rate of only 23%
and o median survival time (MST) of 11.5 months.
Irinotecan is a potent inhibitor of topoisomerase 1. In ran-
domized phase I trials. irinotecan extended swurvival
significantly as compared with best supportive care or
3 U infusion when given as sccond-line therapy.™ More
over, two other randomized phase HI trials showed that a
combination of irinotecan, S-FU, and LV had higher re-
sponse rates, a longer time to progression (T1P), and better
overall survival than did 5-FU/LV therapy.” The MST in
paticnts who received this three-drug therapy was 14.8-17 4
months.

‘This three drug regimen was designated one of the stan
dard first-line treatments for metastatic colorectal cancer in
the United States and Europe. However, patients who re-
ceived a combination of irinotecan, bolus 5-FU, and LV had
a three fold higher rate of carly treatment-related mortality
(2.5%-3.5%) from gastrointestinal toxicity or thrombo
cmbolic events compared with patients who  received
3 FU/LV or oxaliplatin-based regimens (0.8%-1.1%) in
subsequent phase HI trials (Cancer and Leukemia Group B
protocol C89803 and North Center Cancer Treatment
Group protocol N9741).°

Irinotecan  125mg/m’, 3 FU S00mg/m’, and LV
20mg/m are given on days 1, 8. 15, and 22 every 6 weeks in
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the original Saltz regimen. In 2001, several investigators
questioned how many patients received the Saltz regimen
without dose reductions. The percentages of patients given
irinotecan, 5-FU, and LV therapy who received the recom-
mended doses of irinotecan and 5-FU were as follows: 89%
and 88% on day 8, 64% and 64% on day 15, and 45% and
45% on day 22 of cycle 1;47% and 48% on day 1 of cycle 2;
and 42% and 41% on day | of cycle 3.7 Subsequently,
Elfring et al.” reported, in a United States study, phase 1
that patients received median doses of 418mg/m’ of
irinotecan and  1602mg/m’ of S-FU in the original
Saltz regimen’ during the first cycle. Knight et al” recom-
mended that the treatment schedule be modified to days 1
and 8 of a 21-day cycle, or that the initial dosage of cyele |
be revised to irinotecan 100 mg/m’, 5-FU 400 mg/m’, and LV
20mg/m*. However, the feasibility of these modified regi-
mens has not been studied in Japan, and many patients with
colorectal cancer continue to receive 5-FU/L-LV as first-line
therapy.

The present phase [/I1 study was designed to evaluate
the safety and efficacy of a modificd Sallz regimen
(rcatment on days I and 8 of a 21-day cvcle) and to deter-
mine the recommended dose (RD) of irinotecan in combi-
nation with 5-FU/1-LV in Japanesc patients with colorectal
cancer.

Patients and methods
Eligibility

Elgible patients had histologically confirmed metastatic
colorectal adenocarcinoma with measurable discase, de-
fined as the presence of at least one index lesion able 1o be
measured on computed tomographic (CT) scans. Other
eligibility criteria included age between 20 and 75 vears;
Eastern Cooperative Group (ECOG) performance status
of 0-2; adequate bascline hone marrow (white blood cell
(WBC) count between 4000 and 120001 and platelets
more than [00000/ul), suitable hepatic [unction (serum
bilirubin level, 1.1 mg/dl or less, and serum aspartate ami-
notransferase and alanine aminotransterase 100U/ or less),
and sujtable renal function (scrum creatinine level, 1.2mg/
dlor less); and the ability 1o orally ingest food and liquids.
Patients who had received prior irinotecan, bolus 5-FU
therapy. or pelvic radiotherapy were excluded. Patients
could have previously received adjuvant fluoropyrimidine-
based chemotherapy, provided that such therapy had been
terminated at least 4 weeks before study entry. Patients
were also excluded if they had severe pleural effusion, as-
cites, diarrhea, uncontrolled infection, symptomatic brain
metastases, bowel obstruction, or a high risk of a poor
outcome because of concomitant uncontroflable non-
malignant disease, such as diabetes, cardiac failure, or renal
failure. Pregnant or breast-leeding women were also ex-
cluded. This study was approved by the institutional review
board. All patients gave written informed consent before
enrollment.

365

Treatment plan and dose escalation

Eligible patients received the following regimen: irinotecan
100mg/m’ by 90-min intravenous infusion; followed by
[-LV 10mg/m", administered over the course of 15min; and
S-FU, given by bolus intravenous injection after [-LV.
The three drugs were given on days | and 8 of a 21-day
eycle. 5-FU was given at a dose of 400mg/m” for level 1 or
500mg/m’ for level 2. All patients routinely received 3mg of
granisetron plus 8mg dexamethasone before the irinotecan.
Treatment continued until disease progression, unaccept-
able toxicity, or patient refusal.

Dose-limiting toxicity (DLT) was defined as any of the
following findings during cycle 1 or 2: grade 3 non-
hematologic toxicity other than nausea, vomiting, anorexia,
fatigue, and hyponatremia: grade 4 leukopenia lasting for §
days; grade 3 febrile neutropenia; grade 4 thrombocylope-
nia or grade 3 thrombocylopenia with hemorrhage; a WBC
count of less than 3000/ul; a platelet count of less than
100000/ul, or non-hematologic toxicity of grade 2 or higher
on day 22, requiring treatment to be discontinued for at
Jeast 8§ days. Paticnt cohorts comprised a minimum of three
paticnts for cach dose level If all three patients at level |
completed two cycles of treatment without DLT, the next
three patients were entered at level 20 11 one of the three
patients had DLT, three additional patients were recruited
al the same dose level. If two ol three or three of six paticnts
had DLT, the maximum tolerated dose {MTD) was defined
as the dose level given to this cohort. Dose reduction was
not permitied during the first two cycles. I DLT occurred at
level 1. the dose of irinotecan was reduced to 75mg/m’ from
cyele 3 onward. The RD was defined as the dose one level
below the MTD. If neither level | nor level 2 met the
criteria for the MTD, the RID was defined as Jevel 2, and
dose escalation was discontinued, because the maximum
approved weekly dose of irinotecan alone in Japan is
100mg/m™ and the dose of S-FU in the original Saltz
regimen was 500mg/nv’. After determination of the RD. 14
patients were additionally enrolled to confirm tolerability.

Jaticnt evaluation

Toxicity was assessed according the National Cancer Insti-
tute common toxicity criteria (NCI-CTC), version 2.0."
Pretreatment evaluation included a clinical examination,
complete blood cell count (CBC), and chemistry profile.
During treatment, toxicity was assessed weekly during evele
1 and on days | and § of subscquent cycles.

Dose intensity was caleulated by dividing the total dose
received by the patient by the total duration of treatment,
expressed in weeks. Relative dose intensity was calculated
by dividing the delivered dose intensity by the dosce inten-
sity planned according to protocol. Dose intensity was
defined within a maximum of five cveles for cach patient.

The responses of assessable discase sites were evaluated
according 1o the New guidelines (o evaluate the response to
treatment in solid wnmors (RECIST).  Assessable lesions
were reassessed every 8 weeks by CT scanning.
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Resuits
Patient characteristics

A tolal of 20 patients were cnrolled between Janvary and
October 2002 at the National Cancer Center Hospital,
Table 1 shows the bascline characteristics of the patients.
Only 1 patient had received adjuvant therapy with an oral
Nuoropyrimidine derivative | month before study eniry.

There was a deviation from the protocol in one patient,
who withdrew his consent during therapy. Fhis patient had
received alower anterior resection for primary rectal cancer
and had continuous mild anal bleeding. Alter ovele 1, he
requested to be transferred to another other hospital Tor
treatment of the anal bleeding and refused Lo continue
chemotherapy (not considered DLT).

DL and RD

Nine patients (six at level I and three atlevel 2) received ai
least two cycles of treatment for dose-finding. Adverse
events occurring during the first two cycles of treatment,
used 1o estimate the MTD, are shown in Tables 2 and 3.

Fable 1. Puticnt charactenintics

Now ol patients 20
Male/female 1558
Pertormance status ¢ COG O] 173
Apue (yvears)

Median 01

Rimge 32 71
Primary site

Rudtum 10

Colon 10
No ol metastatie sites 12273 1451
Metastatic sites

Fung 10

Fiver Y

Lymph nodes 3}

Peritoncum 2

Pleury ]
Previous treatment

Adjuvant oral flucropyrimndme i

None 9

ECOG. Bastern Cooperative Group

Fable 2. Hematologic foviaty i the st iwo cydes

Three patients were treated at level 1 with 5-FU 400 mg/m”,
Onc of these patients had grade 4 neutropenia with fever on
day 15 of cycle 1. This paticnt was a 54-year-old woman with
multiple Jung metastases and a performance status of (0. The
results of physical examination, CBC, and chemistry profile
were normal at entry, although the serum total bilirubin
fevel 2 weeks before entry (1.2mgidl) had been slightly
above the upper limit of normal. Chemotherapy was not
given to this patient on day & of evele 1 because of neutro
penia. She received antibjoties and granulocyte colony:
stimulating lactor [or the remainder of eyele 1. Al adverse
events resolved by day 1 of eycle 2, and the chemotherapy
was resumed. However, the patient had grade 2 diarrhea on
day 8 and grade 2 neutropenia on day 15 of evele 2. indical-
ing inability to tolerate irinotecan in combination with 5-FU!
and /-LV. Bolus 3 FU and I LV were therelore given subse
guently. Three additional paticnts were then assigned to
receive Jevel 1. The other five of the six patients given level
I completed two eyeles of treatment without severe toxicity.

I'he three patients who initially reccived level 2 (5-FU
S00mg/m’) had no DL, Level 2 was therefore designated
as the RD. Eleven other paticnts received level 2 (o confirm
adverse events and cfficacy. One of these patients had mod-
crate hepatic dysfunction, probably related to a nutritional
supplement. In this patient, treatment scheduled for day
I ol eyele 2 was postponed for 6 weeks, Apart from this
deviation from protocol, no DLT occurred inany of the 13
paticnts given level 2.

Toxicity

Foxicity was recorded for all patients who received one to
five cycles of chemotherapy (total. 75 cycles) ( Fable 4y The
most common vpe of hematologic toxicity was neutrope
nia. All grade ncutiopenia and grade 33 neutropenia, 1e
spectively. oceurred in 42 (56% ) and 7 (9°%) of the 75 eveles
administered. The hemoglobin level decreased slightly in
61 (81%) of the 75 cycles, with no grade 34 anemia, The
bascline hemoglobin level in nearly all patients was grade |
or the Jower Himit of normal before the start of treatment.
Fhrombocy topenia did not oceur in any evele.

‘The most fiequent type of non-hematologic toxicity was
fatigue. Grade 1/2 latigue occurred in 45 (60%) of 75 eycles;
no grade 3/4 fatigue was reported. Anorexia oceurred in 24

Girades 34 (™)

Girade | Grade 2 Grade 3 Grade 4
Fevel b n )
Leukopenia | 2 1 0 17
Ncuttopenia 2 0 0 1 17
Hemaoglobin decrcase 1 | 0 0 0
I'hromhocvtopenia 0 0 0 0 0
bevel2¢n 19
Leukopenia S 1 2 0 14
Neuttapenta ] 3 4 0 29
Hemoglobin decrease 10 1 0 0 0
Fhrombaooytopenia 0 0 0 0 0
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(32% ) and nausca in 22 (29%) of 73 cyeles. Grade 12 mild

diarrhea developed in 18 (24%) of 75 cyceles. Stomatitis
oceutred in 8 (11%) of 75 cycles. Infection, with grade
4 neutropenia, oceurred in 1 oof 75 cyeles. There was no
treatment-related mortality. No paticnt who received up 1o
five cycles of chemotherapy had to be hospitalized because
ol drug adverse reactions.

Dose intensity

Dose reduction was not required in any pationt because ol
adverse events. Atdevel 1 treatment had o be delaved for
atleast [ week one time duting five eveles in 3 ol 6 patients,
and 1 patientwith DL could not receive chemotherapy on

Fable 3. Nonhematologic tosicity in the st two eveles

Gt llkl(,’ i Crrade 2 (Hddx ‘. 4

Faovel o oy

Anaresti 4 () !

Nitined i {) (3

\enuting i 0 0

Drathea | 1 8]

Stonuiitis 1 3 i)

Fitieng 1 () U
Tavel2or iy

Ancrevia N g 0

Norusea e I 3]

VM omiting i t )

Dianhes } ! i

Stomatins N U 0

Fatigue HH 0 0
Fable 4. Toxicmy i all 73 evddes

Grade 2 Giade 4 All grades ¢ 'c)

AnNoren 0 1) 24032
Nisen 3] 0 2209
Vomining 0 0 4(5)
D hea H 0 18 ¢24)
Stomatitis 0 0 S
L atigue 0 0 153 (00)
Febrile neutiopenm } ) 0 2(3%)
Feukopenia 2 0 35 (47
Neutropenia 8 i 42 (50)
FHemoglobin decrease { 0 01 (81
Ihrombocy topema 0 [} 0 (0)
Eleviinon ot ASI 0 0 i)
Ilevation of AT [ 1) 0 eh

AST aspantate aminotiansterase: AL T alanine aminodiansfc e

Table 5. Rosponse rates
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day 8ol eyele L The total number of delaved eyveles was 3 of
16 (19%). At level 2, treatment had to be delaved for |
week at least one time in 9 of the 13 patients who received
up o five cveles of chemotherapy, and 1 patient did not
receive treatment on day 8 of eyvele 5 because of fatigue. The
total number of delayed eveles was 17 of 62 (27%). During
five eveles at level 1. the mean dose intensities (DIs) of 3-
FU and irinotecan were 242mgm per week and 61 mg/m”
per week, respectively. The relative DE was 91% ol the
initial dosc for both drugs. During the lirst five cycles at
level 2, the mean DIs of 5-FU and irinotecan were 287 myg/
m’ per week and 62mgm’ per week. and the relative DIs al

level 2 were 86% and 93%. respectively.

Etficacy

Response rates e shown in Table 3. Response was evalu
ated in 19 ol 20 patients (excluding | patient in whom the
tumor was not assessed alter treatment, because of transfer
to another hospital before exaluation of response). IT'wo ol
6 paticnts had o partial response at level 1 (33%). At level
2.9 0l 13 patients (6970 1esponded 1o treatment. The over-
all response rate was 580, As of the time of this writing, all
paticnts who reccived fevel Toand 8 of the 13 patients who
received level 2 had discase progression. The mediun 11P
at the RD was 7 8 months

Discussion

liinotecan with 5-FU and LV has been shown o be eifec
tive for metastatic colorectal cancer in Luge randomized
phase T wials. - This three diug regimen i considered
first line ealment i western countrios. However, toxicity
associated with the original Saltz regimen (recommending
treatment on days S0 150 and 22 eveny 6 weeks) often
reguires dosage modifications to decrease dose intensity.
I'rcatment for metastatic colorectal cancer must be safe
and provide adequate tumaor coniol We therelore per
formed a phase b study 1o evaluate the safety and efficacy
of a modificd Sultz regimen and to conlirm starting dose
levels for Japanese pationts with colorectal cancer. The
MTID was not reached because the maximum approved
weekly dose of drinotecan in Japan s 100mg/m’. We
estimated Jevel 2 (irinotecan 100mg/m’ with 5 FU S00mg/
m*and /-LV 10mg/m’) to be the R, In practice. the admin
istered weekly dose ol irinotecan may slightly exceed
I00mg/m® in some paticnis enven our R However,

R SD PD NI Continmed response rate
Overadt (00 1Y) 0 11 3 4 | S8
Level L gn &) 3 2 ] 3 U 3%,
Foveb 2 (n ] i 69,

i) 0 Y 2

CRocomplete response: PR pattial response: SI. stable disease: PD. progroessive disease: N not

ovaluated
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