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Abstract
Aim: The aim of this retrospective study was to show the ef-
ficacy and safety of modified FOLFOX6 plus high-dose beva-
cizumab (10 mg/kg/2 weeks) in the second-line or later
treatment of metastatic colorectal cancer. Methods: A total
of 24 consecutive patients treated between August 2007
and August 2009 were included in this retrospective study.
None of the patients had received bevacizumab as part of
prior treatment. Results: All 24 patients received modified
FOLFOX6 plus high-dose bevacizumab and were followed
for a median of 36.9 months. Overall response rate was 29%.
Median progression-free survival was 7.5 months, and me-
dian overall survival was 17.3 months. Grade 3/4 adverse
events were: neutropenia (54.2%), leukopenia (25.0%), neu-
ropathy (12.5%), hypertension (12.5%), thrombocytopenia
(8.3%), and decreased haemoglobin, gastrointestinal haem-
orrhage, wound complications, nausea, diarrhoea, mucositis
and fatigue (each 4.2%). Conclusion: Modified FOLFOX6
plus high-dose bevacizumab may be useful in the second-
line treatment of patients with metastatic colorectal cancer
who have not received bevacizumab.

Copyright © 2013 S, Karger AG, Basel

Introduction

With the more recent advent of the anticancer drugs
irinotecan and oxaliplatin, first-line chemotherapy for
unresectable advanced or metastatic colorectal cancer
(mCRC) has remarkably progressed, incorporating the
following agents: fluorouracil plus leucovorin plus oxali-
platin (FOLFOX; administered as either a 2- or 3-week
schedule: FOLFOX4, modified FOLFOX6, mFOLFOX6)
[1-3], capecitabine plus oxaliplatin (XELOX) [4], and flu-
orouracil plus leucovorin plus irinotecan (FOLFIRI) [3,
5]. At present, biological agents in combination with
these chemotherapy regimens have been commonly used
[6-9]. Since 1998 there has been improved outcome fol-
lowing hepatic resection and since 2004 the introduction
of biological agents has contributed greatly to improved
overall survival (OS) for mCRC [10].

The vascular endothelial growth factor antibody beva-
cizumab prolongs survival when used in combination
with various chemotherapy regimens for first-line treat-
ment of mCRC [6, 7, 11, 12] and has been recommended
as standard treatment agent. Similarly, the epidermal
growth factor receptor antibodies cetuximab and panitu-
mumab prolong progression-free survival (PFS) when
used in combination with the FOLFOX and FOLFIRI reg-
imens in patients with the KRAS wild-type gene follow-
ing subgroup analyses in various clinical studies [8, 9, 13].
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The introduction of second-line therapy occurs when
patients do not respond to or are unable to tolerate first-
line therapy, and this varies depending on the individual
situations of the patients. FOLFIRI, irinotecan alone or,
in patients with the KRAS wild-type gene, combined with
cetuximab or panitumumab can be second-line treat-
ment options if oxaliplatin-based chemotherapy was se-
lected for first-line therapy [14-16]. The continuous use
of bevacizumab from first-line therapy can be considered
as a second-line treatment option combined with a che-
motherapy regimen which was not used as part of the
first-line treatment [17].

Clinical evidence for the use of high-dose bevacizum-
ab (10 mg/kg/2 weeks) as part of a second-line chemo-
therapy regimen has been provided in a phase III clini-
cal study by Giantonio et al. [18] where patients with
mCRC previously treated with fluorouracil and irinote-
can were assigned to one of three treatment groups:
FOLFOX4 plus bevacizumab, FOLFOX4, or bevacizum-
ab. The primary endpoint was OS and the dose of beva-
cizumab was 10 mg/kg every 2 weeks. The combination
of bevacizumab with FOLFOX4 resulted in statistically
significant improvements compared with FOLFOX4
alone for the primary endpoint OS (median 12.9 vs. 10.8
months, hazard ratio, HR: 0.75, p = 0.0011), and the sec-

ondary endpoints PFS (median 7.3 vs. 4.7 months, haz-

ard ratio: 0.61, p < 0.0001) and overall response rate (RR;
22.7 vs. 8.6%, p < 0.0001). In the light of these findings,
we conducted a retrospective study to evaluate the effi-
cacy and safety of high-dose bevacizumab combined
with mFOLFOX6 in the second-line or later treatment
of patients with mCRC. We conducted this study be-
cause there are no reported data of high-dose bevaci-
zumab in combination with mFOLFOX6, which is wide-
ly used in Japan for mCRC because it is a more simple
delivery option than FOLFOX4 as no bolus injection of
fluorouracil is given on day 2.

Patients in this retrospective study had not received
bevacizumab as part of their prior treatment as this study
was performed shortly after bevacizumab received regu-
latory approval in Japan.

Patients and Methods

Patients
A total of 24 consecutive patients treated at the Department of

Surgery, Niigata Cancer Center Hospital, Niigata, Japan, between

August 2007 and August 2009 were included in this retrospective
study. All of them received high-dose bevacizumab (10 mg/kg/
2 weeks) combined with mFOLFOXE6 plus high-dose bevacizumab
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as second-line or later treatment. The 24 patients had been histo-
logically diagnosed as having mCRC and had not received bevaci-
zumab as part of their previous chemotherapy regimen. Informa-

. tion was available on evaluation of treatment response using imag-

ing during treatment and on evaluation of safety; 21 of the 24
patients had measurable lesions and sufficient laboratory test val-
ues at the start of treatment.

Treatment

Patients received mFOLFOX6 (fluorouracil bolus 400 mg/m? +
leucovorin 200 mg/m? + oxaliplatin 85 mg/m? followed by 46-hour
intravenous infusion of flucrouracil 2,400 mg/m?) plus high-dose
bevacizumab (10 mg/kg) in 2-week cycles until disease progression
or discontinuation because of adverse events. Bevacizumab was
intravenously infused on the same day as mFOLFOX6 and prior
to the mFOLFOX6 regimen.

The dose of a drug was reduced or the drug was discontinued,
as appropriate, depending on the occurrence of grade 3 or 4 ad-
verse events.

Assessments and Endpoints

Response to treatment was assessed every 4-6 cycles in accor-
dance with the Response Evaluation Criteria in Solid Tumors
(RECIST version 1.0). Safety was assessed every treatment cycle in
accordance with the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (version 3.0).

PFS was defined as the time from treatment initiation to disease
progression or death from any cause, whichever was earlier. Time
to treatment failure (TTF) was defined as the time from treatment
initiation to disease progression, death from any cause or discon-
tinuation of protocol treatment before it was completed, which-
ever was earlier. OS was defined as the time from treatment initia-
tion to death from any cause.

Analyses
PFS, TTF and OS were estimated using the Kaplan-Meier
method.

Results

Baseline Patient Characteristics

In total, 24 patients (8 male and 16 female) from Ni-
igata Cancer Center Hospital, Niigata, Japan, were in-
volved in this analysis. The baseline characteristics of the
patients are described in table 1. In brief, their median age
was 60.5 years (range 18-76); 14 had colon cancer and 10
had rectal cancer; the primary tumour was resected in 23
patients; 15 patients received mFOLFOX6 plus high-dose
bevacizumab as second-line treatment and 9 received this
regimen as third-line or later treatment (all 9 patients
were treated with mFOLFOX6 alone as first-line treat-
ment). The 24 patients were followed for a median of
36.9 months (range 21.8-45.8).

For 3 of the 15 patients who received second-line
mFOLFOXG6 plus high-dose bevacizumab, treatment was
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Table 1. Baseline characteristics of patients (n = 24)

Characteristic Value
Male/female, n 8/16
Median age (range), years 60.5 (18-76)
ECOG performance status (0/1), n 1717
Colon/rectum, n 14/10
Primary tumour (no/yes), n 23/1
Metastatic sites, n

Liver 11

Lung 12

Peritoneum 6

Lymph nodes 5

Bone 2
Number of metastatic sites, n

1 12

2 10

3 2
Line number of bevacizumab, n

2nd 15

3rd or later 9
Previous chemotherapy, n

IRIS 18

FOLFIRI 7

mFOLFOX6 92

RPMI 1

sLV5FU2 1

UFT/LV 3

2 All 9 patients received mFOLFOX6 plus high-dose bevaci-
zumab as 3rd or later line. In these patients, nFOLFOX6 alone was
used as st line.

started as FOLFOX4 plus high-dose bevacizumab be-
cause of inpatient care but changed to mFOLFOX6 plus
high-dose bevacizumab part way through due to chang-
ing to outpatient care.

Drug Treatment

The median duration of treatment for the 24 pa-
tients was 15.0 cycles (range 3-40) and median TTF was
6.8 months.

In 9 of the 24 patients, only bolus fluorouracil was
stopped and the other treatments were continued. In
11 of the 24 patients, oxaliplatin was discontinued as a
result of peripheral neuropathy and allergic reactions,
and treatment was continued with a simplified leucovo-
rin and fluorouracil regimen (sLV5FU2) plus high-dose
bevacizumab. In 5 of the 24 patients, bevacizumab was
stopped and treatment with mFOLFOX6 was contin-
- ued.

mFOLFOX6 plus High-Dose Bevacizumab
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The reasons for discontinuation of any treatment
were: complete response (CR; 1/24 patients), disease pro-
gression (19/24 patients), adverse events (2/24 patients)
and hepatic resection (2/24 patients).

Efficacy ‘

The RR was 29% (CR in 1 patient and partial response,
PR, in 6 patients) and the disease control rate was 87%
(CRin 1, PR in 6 and stable disease in 14 patients). In 15
patients treated as second-line, RR was 33% (CR in 1 and
PR in 4 patients) and disease control rate was 87% (CR in
1, PR in 4 and stable disease in 8 patients). In 9 patients
treat as third-line or later, RR was 22% (PR in 2 patients)
and disease control rate was 89% (PR in 2 and stable dis-
ease in 6 patients).

During the follow-up period, median PFS was 7.4
months (6.1-9.1), median TTF was 7.0 months (3.7-9.1)
and median OS was 16:1 months (9.7-23.4; fig. 1).

The post-treatment regimen after mFOLFOX6 plus
high-dose bevacizumab was FOLFIRI plus high-dose
bevacizumab in 8 of the 24 patients, irinotecan plus ce-
tuximab in 7 patients, IRIS in 1 patient, nFOLFOXG6 in 1
patient and no treatment in 7 patients.

The median TTF of the 17 patients receiving treatment
was 4.2 months. All patients discontinued treatment as a
result of disease progression.

Tolerability

In 11 patients oxaliplatin was stopped because of neu-
ropathy and allergic reaction, and treatment was comtin-
ued with sLV5FU2 and high-dose bevacizumab.

Adverse events by severity grade are shown in table 2.
Grade 3/4 adverse events were the following: neutropenia
(13/24 patients; 54.2%);leukopenia (6/24 patients; 25.0%);
neuropathy (3/24 patients; 12.5%); hypertension (3/24
patients; 12.5%); thrombocytopenia (2/24 patients; 8.3%),
and decreased haemoglobin, gastrointestinal haemor-
rhage, wound complications, nausea, diarrhoea, mucosi-
tis and fatigue (each 1/24 patients; 4.2%; table 2). There
were no reports of gastrointestinal perforation or venous
thromboembolism.

Discussion

The results of this retrospective study show that the ef-
ficacy and safety profile of high-dose bevacizumab (10
mg/kg/2 weeks) combined with mFOLFOX6 in the sec-
ond-line or later treatment of patients with mCRC were
similar to previously reported treatment outcomes of sec-
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Fig. 1. PFS and OS in patients with unresectable colorectal cancer receiving second-line or later treatment of mFOLFOX6 plus high-dose

bevacizumab (n = 24).

Table 2. Incidence of adverse events by severity grade (n = 24)

Adverse event Number of patients
grade 1 2 3 4 . total

Neutropenia 7 4 9 4 24
Leukopenia 6 10 5 1 22
Haemoglobin decreased 14 5 1 20
Thrombocytopenia 17 1 2 20
Hypertension 3 3
Proteinuria 9 1 10
Gastrointestinal haemorrhage 1 1
Wound complications 1 1
Nausea 11 1 12
Diarrhoea 11 1 1 13
Mucositis 15 4 1 20
Hand and foot syndrome 10 3 13
Fatigue 17 4 1 22
Allergic reaction 3 3
Neuropathy 12 8 3 23

ond-line chemotherapy plus bevacizumab. RR, PFS and
OS from this study together with those reported in the
BEVACOLOR [19], the AVASIRI [20] and the E3200
[18] studies are shown in table 3. Adverse events specific
to bevacizumab reported here and in the E3200 [18] study
are illustrated in table 4.

The data on whether the optimal dose of bevacizumab
is 2.5 or 5 mg/kg/week appear to differ depending on the
type of cancer involved. In non-small-cell lung cancer,
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time to progression and OS trended towards greater im-
provement with 5 mg/kg/week rather than 2.5 mg/kg/
week in the randomised phase II AVF0757g study (time
toprogression:7.4vs.4.3 months, 08:17.7vs.11.6 months)
[21]. However, in the phase III AVAIL study, the primary
endpoint of improvement in PFS was similar for cisplatin
plus gemcitabine plus bevacizumab 5 or 2.5 mg/kg/week
compared with cisplatin plus gemcitabine plus placebo
(6.5 months, HR: 0.82, p = 0.03; 6.7 months, HR: 0.75, p =
0.003) [22]. In contrast, in metastatic breast cancer the
addition of bevacizumab 5 mg/kg/week to docetaxel re-
sulted in a better RR and longer PFS compared with
docetaxel plus placebo (RR: 64.1%, p < 0.001; PES: 10.1
months, HR: 0.77, p = 0.006), but this improvement was
not seen with docetaxel plus bevacizumab 2.5 mg/kg/
week (RR: 55.2%, p = 0.07; PFS: 9.0 months, HR: 0.86, p =
0.12) [23]. In a phase III study in metastatic renal cancer,
the primary endpoint, time to progression, was prolonged
with bevacizumab 10 mg/kg/2 weeks compared with pla-
cebo (4.8 months, HR: 2.55, p < 0.001) but not with beva-
cizumab 3 mg/kg/2 weeks (3.0 months, HR: 1.26, p =
0.053) [24]. At present there are no data confirming
which dose is the most appropriate in colorectal cancer
but, as shown in study E3200 [14] and also observed here,
high-dose bevacizumab (5 mg/kg/week) is well tolerated
in second-line or later treatment in patients who have not
received first-line bevacizumab. In mCRC, the results of
the randomised, controlled EAGLE trial [25] should help
clarify the optimal dose for the continued use of bevaci-
zumab from first-line treatment.
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Table 3. Efficacy outcomes reported here and in 3 separate studies involving chemotherapy plus bevacizumab

Regimen = ; n PFS months OS months RR % Study . -
FOLFIRI 111 2.5 NR 4 v308 [26]
FOLFOX6 109 42 NR 15 v308 [26]
FOLFOX4 292 4.5 10.8 8.6 E3200 [18]
FOLFIRI + BV 14 7.8 21.7 36 BEVACOLOR [19]
FOLFOX + BV 30 5.3 13.9 29 BEVACOLOR [19]
FOLFIRI + HD-BV 25 11.6 21.4 32 AVASIRI [20]
FOLFOX4 + HD-BV 293 7.3 12.9 22.7 "E3200 [18]
mFOLFOX6 + HD-BV 24 7.4 16.1 29 this study

BV = Bevacizumab; HD-BV = high-dose bevacizumab; NR = not reported.

Table 4. Incidence of grade 3/4 adverse events specific to bevacizumab reported here and in Study E3200

‘E3200 [18] grade 3 or 4 This study grade 3'or 4 ‘pvaluer

(n = 287) (n=24) o
Hypertension 6.2% 12.5% 0.21
Proteinuria 6.7% 0% 0.38
Haemorrhage 3.4% 4.2% 0.59
Wound complications - 4.2% -
Nausea 10.1% 4.2% 0.49
Diarrhoea - 4.2% -
Mucositis - 4.2% -
Fatigue - 4.2% -
Neuropathy 16.3% 12.5% 0.78
Gastrointestinal perforation 1.0% 0% 1.0
Venous thromboembolism 3.4% 0% 1.0

2 Fisher’s exact test, two-tailed.

The results of the present study suggest that
mFOLFOX6 plus high-dose bevacizumab (10 mg/kg/2
weeks) may be useful in the second-line treatment of
patients who have not received first-line bevacizumab,
although this was a retrospective study involving a rela-
tively small number of patients (including 9 patients
previously treated with mFOLFOX6 alone as first-line
and treated with mFOLFOX6 plus high-dose bevaci-
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Abstract. We evaluated the predictive relevance of several
biomarkers on the survival of patients with stage IlI
colorectal cancer treated with adjuvant chemotherapy of oral
fluoropyrimidines. This was a multicenter phase II trial on
adult patients with histologically confirmed resected stage III
(Dukes' C) colorectal cancer. Patients received oral doxiflu-
ridine (800 mg/m?%day) in 3 divided doses, or oral uracil/
tegafur (UFT) (400 mg/m?%day) in 2 divided doses for 5 days,
every 7 days for 12 months with a 5-year follow-up. Outcome
measures were disease-free survival and tissue markers
[thymidine phosphorylase (TP), dihydropyrimidine dehy-
drogenase (DPD) protein levels and TP, DPD, thymidylate
synthase (TS) and orotate phosphoribosyltransferase (OPRT)
mRNA levels in tumor samples and TS tandem-repeat type in
blood samples]. There was a significant association between
the intratumoral TP/DPD enzyme ratio and disease-free
survival when the model included the drug, the parameter
and the interactions between them [hazard ratio (HR)=2.76;
P=0.00469). The S-year disease-free survival rate was statisti-
cally significantly higher in patients with high TP/DPD ratios
[median 22.63: 71.9%; 95% confidence interval (CI) 61.4-
80.0] compared to patients with low TP/DPD ratios (<2.63:
57.0%; 95% CI 46.3-66.3) (log-rank P=0.0277) following
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adjuvant therapy with oral fluoropyrimidines. No significant
association was observed between the intratumoral TP/DPD
enzyme ratio (cut-off value 2.0) and the disease-free survival
rate in the doxifluridine group; primary endpoint (log-rank
P=0.6850). The magnitude of the intratumoral TP/DPD
enzyme ratio may be a potential indicator for the individu-
alization of postoperative adjuvant chemotherapy with oral
fluoropyrimidines for stage III colorectal cancer.

Introduction

The age-adjusted incidence of colon cancer in Japan in 2003
was second compared to stomach cancer in men (63.8/100,000
individuals) and breast cancer in women (35.9/100,000
individuals) (1). However, it is estimated that there will be
512,225 cases of colon cancer in Japan in 2020, surpassing the
number of breast cancer cases from 2010 onwards as the most
common type of cancer in women (1).

Adjuvant chemotherapy improves the overall survival in
patients with resected stage III colon cancer (2). In the late
1990's, intravenous S-fluorouracii/leucovorin (5-FU/LV) was
established as the standard adjuvant treatment for patients with
stage IH colon cancer (3-5). Since then several oral fluoropy-
rimidines [i.e. capecitabine, uracil/tegafur (UFT) plus LV}
have been demonstrated as an effective alternative to 5S-FU/LV
in the treatment of colon cancer (6,7).

Intratumoral expression of the metabolizing enzymes
thymidine phosphorylase (TP), dihydropyrimidine dehy-
drogenase (DPD), thymidylate synthase (TS) and orotate
phosphoribosyltransferase (OPRT) are important for the
clinical activity of the drugs and may be predictive markers
used to guide decision-making regarding the treatment
for individual patients. For example, the TP/DPD ratio is
significantly higher in cancer cell lines with high sensitivity
to doxifluridine (an intermediate metabolite of capecitabine)
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compared to those with lower sensitivity and the possibility of
predicting the effectiveness of doxifluridine from the TP/DPD
ratio has been demonstrated (8,9). The OPRT/DPD ratio may
be a promising predictive marker for UFT (data reported in
UFT plus LV) (10).

We conducted a multicenter phase II study on 204 stage 111
colorectal cancer patients to identify potential biomarkers
predictive of outcome to adjuvant therapy with oral fluoropy-
rimidines. Patients were treated orally for 12 months (11) with
doxifluridine or UFT, which were the standard drug treatments
in Japan in 2001 when the study was initiated.

Patients and methods

Patients. Patients with histologically diagnosed stage III (i.e.
Dukes' C) colorectal cancer who had undergone curative
resection within the last 6 weeks prior to the start of the study
were enrolled. Other inclusion criteria were: age 20 to 75 years,
Eastern Cooperative Oncology Group (ECOG) performance
status of 0-2, able to take oral medication, not treated with
any prior therapy other than surgical resection and adequate
organ function. Exclusion criteria were: cancer of the appendix
or anal canal derived from the anal glands, synchronous or
metachronous cancers or multiple invasive colon cancers
(excluding intramucosal cancer).

Patients were recruited from 13 institutions belonging to
the Japanese Society for Cancer of the Colon and Rectum
which achieved a consensus on the appropriate surgical proce-
dure and follow-up.

The study protocol was approved by the institutional
review boards of each participating institution. The study was
in accordance with the Ethical Guidelines for Clinical Studies
of the Health, Labor and Welfare Ministry in Japan and was
conducted in compliance with the Declaration of Helsinki. All
patients provided written informed consent.

Study design. Patients were randomly assigned (1:1 ratio) to
treatment groups. Tumor site (colon vs. rectosigmoid-upper
rectum vs. lower rectum), depth of invasion [(sm/mp/ss, al) vs.
(se, a2/si, ai)], lymph node metastasis (nl vs. n2/n3) and the
study site were selected as stratification factors.

Treatment. Patients received oral doxifiuridine (800 mg/m*day)
in 3 divided doses or oral UFT (400 mg/m*day) in 2 divided
doses for 5 days with 2 rest days and repeated weekly for
12 months. Patients were then followed up until confirmation
of recurrence. On the occurrence of adverse events, dose reduc-
tions or temporary treatment interruptions were performed as
per protocol.

Tissue samples and analysis. Sixty milligrams (5 mm?)
of tissue was obtained from each resected tumor, from the
marginal portion of the primary lesion and not including
necrotic tissue. The sample tissue was divided in half, frozen
in liquid nitrogen and stored at -80°C or colder. For analysis
of TS tandem repeat type, a 1 ml blood sample was collected
within 3 months after surgery and stored at -80°C or colder.
Tissue specimens were sent to Nippon Roche Co., Ltd. (now
Chugai Pharmaceutical Co., Ltd.) Research Center for analysis.
TP and DPD protein levels were measured by ELISA (12,13)
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and TP, DPD, TS and OPRT mRNA levels were measured by
RT-PCR using a LightCycler® (Roche Diagnostics KK, Tokyo,
Japan). Identification of TS tandem repeat type was conducted
by PCR-RFLP assay (14).

Evaluation. Physical examination, ultrasonography, chest
X-rays and tumor marker measurements were performed before
the beginning of the study treatment; every 4 months for the
first year after surgery and every 6 months from the second
year onwards. Suspected recurrence was confirmed via barium
enema, CT or other appropriate diagnostic imaging modality.

Safety was evaluated from reports of adverse events, labo-
ratory examination results and measurements of vital signs.
Adverse events were classified according to the Common
Toxicity Criteria of the National Cancer Institute (NCI-CTC,
version 2). All patients were followed up for a maximum of
5 years until death, failure to follow up or completion of the
study.

Study objectives. The primary objective was to examine the
effect of the intratumoral TP/DPD enzyme ratio (cut-off
value 2.0) on disease-free survival in the doxifluridine group.
There were 3 secondary endpoints, which were examined on
an exploratory basis: i) Effects of TP and DPD protein levels
in tumor samples and the magnitude of the TP/DPD ratio on
disease-free and overall survival with oral fluoropyrimidine
adjuvant therapy. ii) Effects of TP, DPD, TS and OPRT mRNA
levels in tumor samples and the magnitude of the TP/DPD
ratio on disease-free and overall survival with oral fluoropy-
rimidine treatment. iii) Effects of the TS tandem repeat type
from blood samples on disease-free and overall survival with
oral fluoropyrimidine treatment.

Statistical analysis. Data were analyzed for the full analysis
set, comprising all patients who started protocol treatment and
in which TP and DPD protein levels were measured.

Time-to-event endpoints were analyzed using the Kaplan-
Meier method and 5-year survival rates were estimated with 95% -
confidence intervals (CI). Differences between patient cohorts
were examined with the log-rank test. Disease-free survival was
defined as the period from the date of enrollment to the date of
confirmation of either recurrence or death, whichever preceded.
Recurrence was defined as the occurrence of metachronous
colon cancer or secondary invasive cancer. Patients without
recurrence or death at the time of analysis were censored at
the final observation time. Overall survival was defined as the
period from the date of enrollment to the date of confirmation of
death from any cause. In the analysis of overall survival, patients
who survived were censored at the final observation time.

Proportional hazard models were used for the analysis of
disease-free and overall survival. We examined 3 different
models: drug and the parameter (e.g., TP/DPD ratio), drug and
the parameter and the interactions between them and stratifi-
cation factors as covariates.

We estimated hazard ratios (HRs) and a two-sided Wald
P-value for each model. A P-value of <0.05 was used to deter-
mine whether or not a factor had predictive value.

Further post-hoc exploratory analyses were performed. A
Cox regression analysis was performed to identify a cut-off
value for the intrartumoral TP/DPD enzyme ratio to distin-
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Table I. Patient baseline characteristics.

Doxifluridine Uracinegafur

(n=102) (n=102)
n (%) n (%)

Age, years

Median (range) 63 (26-75) 62.5 (33-75)
Gender

Male 55(53.9) 60 (58.8)

Female 47 (46.1) 42 (412)
Tumor location

Colon 59 (57.8) 57 (55.9)

Rectum 43 (422) 45 (44.1)
Histological type

Well differentiated 3534.3) 32(314)

Moderately differentiated 62 (60.8) 66 (64.7)

Poorly differentiated 439) 329)

Mucinous 1(1.0) 1(1.0)
Depth of invasion®

sm, mp 13 (12.7) 12 (11.8)

ss,al 53 (52.0) 57(55.9)

se, a2 31 (30.4) 32(314)

si, ai 549 1(1.0)
Metastasis to lymph nodes®

ni(+) 77 (75.5) 78 (76.5)

n2(+) 20 (19.6) 22 (21.6)

n3(+) 5(49) 2(2.0)
Histological stage

Ila 77 (75.5) 78 (76.5)

1IIb 25 (24.5) 24 (23.5)
Lymphatic invasion

ly0 11 (10.8) 9(8.8)

ly(+) 91 (89.2) 93 (91.2)
Venous invasion

v0 18 (17.6) 20 (19.6)

v(+) 84 (82.4) 82 (80.4)
Histological curability

RO 102 (100.0) 102 (100.0)

*For depth of invasion, cases with sm/mp/ss, al are categorized as
T1-3. Cases with se, a2/si, ai are categorized as T4. "Metastasis to 1-3
lymph nodes is categorized as nl. Cases with more than 4 affected
lymph nodes are categorized as n2. sm, submucosa; mp, muscularis
propria; ss, subserosal; al, sub-adventitia; se, serosa; a2, adventitia;
si, adjacent structures.

guish between patients with good and poor outcomes. The
effects of intratumoral TP/DPD enzyme ratio on disease-free
survival by tumor site, T and N category were analyzed.

The sample size was estimated assuming an HR of 2.2
for the doxifluridine group based on Nishimura et al (9), who
demonstrated that disease-free survival was significantly
longer in the patient cohort with a TP/DPD ratio 22.0 with
doxifluridine adjuvant therapy. An estimated 240 patients
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in total were required, with 120 patients in the doxifluridine
group. Assuming a S-year disease-free survival rate of 70%
for patients with stage III (RO) colon cancer and 60% for rectal
cancer, a colon:rectal cancer ratio of 55:45 and a 1-year enroll-
ment period with a 5-year follow-up period, an « error of 0.05
(one-sided) and detection power (1-B) of 63% were ensured.
Data were collected by EPS Co., Ltd. Statistical analyses were
conducted under the supervision of T.T., at the Center for
Medical Statistics.

Results

Two hundred and four patients were enrolled at 13 institutions
from January 2002 to September 2003 and 102 patients were
assigned to the doxifluridine group and 102 patients to the
UFT group. One hundred and two patients in the doxifluridine
group and 99 patients in the UFT group received treatment as
allocated, respectively. The analysis set comprised 195 patients
in which TP and DPD protein levels were measured (doxiflu-
ridine, n=98; UFT, n=97). There were no differences between
the 2 groups in the distribution of patient baseline character-
istics (Table I).

Compliance and safety. Seventy-seven patients completed
treatment and 25 patients discontinued intervention in the
doxifluridine group (death, n=1I; relapsed/metastasis, n=7,;
adverse events related to study drugs, n=10; declined treatment,
n=6; other, n=1). Sixty-seven patients completed treatment
and 32 patients discontinued intervention in the UFT group
(relapsed/metastasis, n=15; complications, n=1; adverse events
related to study drugs, n=13; declined treatment, n=2; other,
n=1).

Treatment compliance was similar in both groups (=70%
of treatment days completed for doxifluridine, 72.5%; UFT,
68.7%; =70% doses received for doxifluridine, 68.6%; UFT,
65.7%).

Adverse events were reported in 61 patients (59.8%) in the
doxifluridine group and 71 patients (71.7%) in the UFT group
and grade 3 events were reported in 7 patients in both groups
(one patient had grade 4 anorexia and stomach pains caused by
adhesive bowel obstruction) (Table II).

Adverse events assessed as grade =2 that resulted in
treatment discontinuation or dose reduction were reported in
56 patients in the UFT group and 55 patients in the doxiflu-
ridine group (note: patients may have experienced =1 event).

Intratumoral markers. TP and DPD protein levels were
measured in 195 patients and mRNA in 170 patients. Median
TP and DPD protein levels and TP, DPD, TS and OPRT mRNA
levels showed no significant differences between the 2 groups
(Table III).

Assessment of marker predictiveness. For the effect of
intratumoral TP/DPD enzyme ratio (cut-off value 2.0) on
disease-free survival in the doxifluridine group, the primary
study endpoint, there was no statistically significant difference
between the 2 cohorts in the 5-year disease-free survival rate:
TP/DPD ratio 22.0, 71.4% (95% CI 59.3-80.5) vs. TP/DPD
ratio <2.0, 66.5% (95% CI 45.4-80.9) (log-rank P=0.6850)
(Fig. 1).
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Table 1I. Adverse events graded according to the Common Toxicity Criteria of the National Cancer Institute (version 2).

Doxifluridine (n=102)

Uracil/tegafur (n=99)

Gl G2 G3 G4 Total Gl G2 G3 G4 Total
Nausea ' 3 4 7 4 4 2 10
Vomiting 2 1 3
Anorexia 2 5 1 -8 13 5 1 b 20
Diarrhea 7 4 2 13 4 5 1 10
Stomatitis 5 [ 6 2 2
Alopecia 1 1 2 2
Pigmentation change 3 3 4 4
Rash/desquamation | 4 5 4 7 11
Fatigue® 5 2 1 8 3 4 1 13
Hematuria 3 3 2 2
Increased creatinine 3 3 2 2
Decreased WBC 7 3 10 4 7 131
Decreased platelet count 9 9 4
Decreased hemoglobin 7 6 1 14 13 7 20
Increased bilirubin 15 13 28 22 3 25
Increased GOT/GPT 11 3 1 15 22 5 2 29
Other 4 2 2 10¢ 6 1 I 1’ 1

“Lethargy, malaise and/or asthenia. *One patient had anorexia and stomach pains caused by adhesive bowel obstruction. “The severity of
2 of 10 patients not determined by grade. “The severity of 2 of 11 patients not determined by grade. GPT, glutamic-pyruvic transaminase; GOT,

glutamic-oxaloacetic transaminase; WBC, white blood cell count.

g ——— TP/DPD (enzyme) < 2.0 |
=2 ~----- TPIDPO (enzyme) = 2.0
g
=3 U, -
a - 8-+
=]
=
2
& 04
=
&
@ 024
2
& | (Logankp=05850]
df T T T T
0 500 1,000 1,500 2,000
Days from the date of enroliment
No. of Subjects  Event  Censored Median Survival (95% Cl}
TP/OPD (enzyme) <2.0 27 33%(9) 67% (18} NA (7260 NA )
TP/OPD (enzyme) 22.0 7 30%(21) 70%(50) NA { NA NA )

Figure 1. Disease-free survival by thymidine phosphorylase/dihydropyrimi-
dine dehydrogenase (TP/DPD) ratio (cut-off value 2.0) in patients treated
with doxifluridine (n=98).

Results for the secondary endpoints were as follows: 1) The
effect of the magnitude of intratumoral TP/DPD enzyme ratio
on disease-free survival with oral fluoropyrimidine treatment
was only significant (HR=2.76, P=0.00469) when analyzed in
the model including the drug and the parameter and the inter-
actions between them. Proportional hazards analysis showed
that the effects of TP and DPD protein levels on disease-free
survival and the effects of the parameters (i.e. TP, DPD protein
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levels and TP/DPD enzyme ratio) on overall survival were not
significant in the models (data not shown).

The S-year disease-free survival rate was statistically
significantly higher in the cohort with a higher intratumoral
TP/DPD enzyme ratio (median =2.63) compared to the cohort
with a lower TP/DPD ratio (<2.63): 71.9% (95% CI 61.4-80.0)
vs. 57.0% (95% Cl 46.3-66.3) (log-rank P=0.0277) (Fig. 2A).
The effects of the magnitude of the TP/DPD ratio on disease-
free survival in each of the doxifluridine and UFT groups
are shown in Fig. 2. In the UFT group, the 5-year disease-
free survival rate was statistically significantly higher in the
cohort with the higher TP/DPD ratio (median =2.63) than in
the cohort with a lower TP/DPD ratio (median <2.63): 74.4%
(95% C1 58.2-85.1) vs. 44.1% (95% CI 29.7-57.6) (log-rank
P=0.0029) (Fig. 2C). In the doxifluridine group, the effect of
the magnitude of the TP/DPD ratio on disease-free survival
was not statistically significant (log-rank P=0.9541) (Fig. 2B).

ii) Proportional hazard analysis demonstrated that the
effects of the parameters (i.e. intratumoral TP, DPD, TS and
OPRT mRNA levels and TP/DPD mRNA ratio) on disease-
free and overall survival were not significant in any of the
models (data not shown).

iii) Proportional hazards analysis showed that the effects
of the parameters (i.e. TS tandem repeat type 2R/2R, 2R/3R or
3R/3R) on disease-free and overall survival were not signifi-
cant in the models (data not shown).

Exploratory analyses. An exploratory Cox regression analysis
identified a cut-off value of 3.1 for the intratumoral TP/DPD
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Table III. Intratumoral markers.
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Median (range)

Doxifluridine (n=98)

Uracil/tegafur (n=97)

Protein levels (U/mg protein)
TP
DPD
TP/DPD

813 (13.2-242.5)
344 (49-124.2)
2.663 (0.54-6.94)

80.3 (13.7-301.3)
32.8 (8.8-139.8)
2.569 (0.75-9.57)

Doxifluridine (n=85)

Uracil/tegafur (n=85)

mRNA levels (copy number)®
TP
DPD
TP/DPD
TS
OPRT

2.61 (0.21-21.49)
0.13 (0.02-1.92)
19.47 (2.19-145.66)
1.06 (0.23-14.86)
0.82 (0.04-7.37)

2.93 (0.24-141.16)
0.18 (0.006-1.57)
22.06 (1.32-558.16)
1.17 (0.04-20.40)
0.88 (0.182-6.18)

*Values normalized by glucose-6-phosphate dehydrogenase. TP, thymidine phosphorylase; DPD, dihydropyrimidine dehydrogenase; TS, thy-

midylate synthase; OPRT, orotate phosphoribosyltransferase.

enzyme ratio to distinguish between patients with good and
poor outcomes with oral fluoropyrimidine treatment. The
5-year disease-free survival rates in cohorts with TP/DPD
ratios 23.1 and <3.1 were 77.7 and 56.1%, respectively (log-
rank P=0.0059) (Fig. 3). Multiple regression analysis using
Cox's method identified T4 (P=0.0068; HR=2.225; 95% CI
1.247-3.969) and intratumoral TP/DPD enzyme ratio =3.1
(P=0.0035; HR=0.394; 95% CI 0.211-0.735) as independent
variables for prognosis. The P-values for other variables
examined in the model (i.e. N category, tumor site, drug, TP/
DPD mRNA ratio) were not statistically significant (data not
shown).

Additionally, exploratory analyses to examine the effect
of the intratumoral TP/DPD enzyme ratio on disease-free
survival by tumor site, T stage and N stage in patients treated
with oral fluoropyrimidines were conducted (Fig. 4). Analysis
by tumor site displayed that the TP/DPD ratio was significantly
associated with the disease-free survival (log-rank P=0.0033)
in patients with colon cancer. Analysis by T category displayed
an association between TP/DPD ratio and disease-free survival
(log-rank P=0.0039) in patients with T4, but not T1-3. Analysis
by N category displayed an association between TP/DPD ratio
and disease-free survival (log-rank P=0.0224) in patients with
N1, but without N2 disease.

Discussion

In this study, we examined several biomarkers for their
possible predictive value in relation to the outcome following
adjuvant chemotherapy with oral fluoropyrimidines in patients
with stage III colorectal cancer in order to identify subgroups
of patients who may benefit from this intervention. Our find-
ings on the predictive value of biomarkers in tumor cells and
blood samples were unexpected.

The TP/DPD ratio is significantly higher in cancer cell
lines with high sensitivity for doxifluridine and capecitabine
compared to those with lower sensitivity (8). In addition,
synergistic effects were observed when doxifluridine was used
in combination with chemotherapeutic agents or radiotherapy
in vivo, since tumor TP levels are increased by these treatments
(15). This synergistic antitumor activity, which results from TP
upregulation, is specific for doxifluridine, not for UFT or 5-FU
(15). These data suggest that TP may be a potential factor for
determining the outcome following doxifluridine treatment.
There was a significant association between the magnitude of
intratumoral TP/DPD enzyme ratio and disease-free survival
(HR=2.76; P=0.00469) when the interaction between the drug
and this parameter was analyzed. The 5-year disease-free
survival rate in the group with a high TP/DPD ratio (median
=2.63) was statistically significantly higher compared to the
group with a low TP/DPD ratio {median <2.63; log-rank
P=0.0277).

However, the effect of the intratumoral TP/DPD
enzyme ratio (cut-off value both 2.0 and median of 2.63) on
disease-free survival was not statistically significant in the
doxifluridine group (log-rank P=0.6850, 0.9541, respectively).
TP levels measured using tumor samples were found to be
more important for doxifluridine (and capecitabine) compared
to using normal or blood samples, since only fluoropyrimidine
converted by TP in the tumor has a direct effect (16,17). For
measurement, tissues which included both the tumor and
stroma cells were used, since fluoropyrimidine converted in
cells with high TP expression near the tumor may also have
a tumor response (18). Unexpected results may be caused by
TP levels not being stable before and after treatment initia-
tion, since TP is induced by a number of cytokines (19,20).
TP levels were measured from resected primary lesion tumors
and outcomes were analyzed 5 years after treatment initiation,
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Figure 2. Disease-free survival according to thymidine phosphorylase/
dihydropyrimidine dehydrogenase (TP/DPD) ratio (using median value as
cut-off, i.e. 2.63) in patients treated with (A) oral fluoropyrimidines (n=195),
(B) doxifluridine (n=98) and (C) UFT (n=97).

which may explain the different outcome from the in vivo
study (8).

The effect of the intratumoral TP/DPD enzyme ratio
(cut-off median of 2.63) on disease-free survival was statisti-
cally significant in the UFT group (log-rank P=0.0029). UFT
confers its effect by maintaining high fluoropyrimidine levels
in the blood and not in the tumor. However, since TP levels in
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Figure 3. Disease-free survival according to the thymidine phosphorylase/
dihydropyrimidine dehydrogenase (TP/DPD) ratio (using cut-off value
identified by Cox regression analysis, 3.1) in patients treated with oral fluo-
ropyrimidines (n=195).

the tumor catalyze the conversion between fluoropyrimidine
and 2'-deoxy-5-fluorouridine (FUdR) [precursor of 5-fluoro-
2'-deoxyuridine-5'-monophosphate (FAUMP) which has an
antitumor effect] and high TP levels produce deoxy ribose-
1-phosphate (dR1P) from thymidine (dRIP promotes the
conversion between fluoropyrimidine and FUdR) (21), high
TP expression may be meaningful for UFT.

The association between TS, OPRT and the sensitivity to
fluoropyrimidine drugs has been observed in previous research
(10,22-25).1t has also been reported that combined analysis, such
as analysis with TS and TP, DPD, with OPRT and DPD may
predict efficacy or outcome of treatment with fluoropyrimidines
more precisely (10,26-28). In the present study we did not demon-
strate an association between any factors other than the TP/DPD
enzyme ratio and the efficacy of fluoropyrimidine drugs.

For TS tandem repeat type, it was previously observed that
the level of expression of the TS protein is higher and that
fluoropyrimidine drugs are less efficacious in patients with the
3R/3R allele compared to those with 2R/2R or 2R/3R alleles
(29). Previous researchreported that TS tandem polymorphisms
are potentially predictive biomarkers, not only of response, but
also for the occurrence of adverse events. Conversely, other
research has claimed that TS-tandem polymorphisms are not
associated with the efficacy of fluoropyrimidine drugs (30).
The results of our study were negative for the possibility
that TS-tandem type is potentially predictive of an outcome
following oral fluoropyrimidine adjuvant therapy.

Our study has several important design features. First,
since this study targeted stage III cancer, the number of
residual cancer cells persisting after standard curative resec-
tion may have had a major effect on postoperative survival. For
this reason, the skill of the surgeon is a major factor. Since the
institutions participating in our study belonged to the Japanese
Society for Cancer of the Colon and Rectum, we hypothesize
that surgeon-related factors were minimized. Other factors
which may have influenced our findings were potential differ-
ences in the timing of the collection and handling of tissue
specimens and the differences between individuals in medica-
tion compliance. Participating sites were rigorously drilled in
the methodology for the collection of specimens. Institutions
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which returned specimens with considerable degradation
during the study were provided with on-site guidance and the
requirement for prompt processing was reinforced. Medication
compliance was assessed every quarter by the investigator by
directly interviewing each patient. Patients were asked for
detailed reasons in the event of interruption or discontinuation
of the medication. We hypothesize that biases in this study
were minimal as a result of these measures.

Our study has some limitations. One of the most serious
issues is that there was no control arm (i.e. surgery-alone
group). TP is identical to platelet-derived endothelial cell
growth factor (PD-ECGF) (31) and patients with high levels
of tumoral TP expression have a poor prognosis (32,33). This

may be important, since patients in the high-TP group may be
especially responsive to doxifluridine (9), although there were
no significant differences compared with UFT in our study.
This may indicate that TP is a prognostic, as well as a predic-
tive, marker. A surgery-alone group may have helped to clarify
this issue and explain our unexpected results. In conclusion,
the magnitude of the intratumoral TP/DPD enzyme ratio
may predict outcomes in patients with stage III colorectal
cancer who are treated with adjuvant chemotherapy with oral
fluoropyrimidines. The intratumoral TP/DPD enzyme ratio
may therefore allow the individualization of postoperative
oral fluoropyrimidine adjuvant therapy in stage III colorectal
cancer. Further exploration and verification of the magnitude
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of the intratumoral TP/DPD enzyme ratio as a biomarker is
required.
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