
Abstract. Background: A phase II study was designed to
evaluate the efficacy, safety and predictors for response of
metronomic chemotherapy using weekly low-dosage CPT-11
and doxifluridine (5’-DFUR) in 45 patients with metastatic
colorectal cancer. Patients and Methods: Forty mg/m2 of
CPT-11 was administered for 3 consecutive weeks in a 4-week
treatment cycle, with 5’-DFUR (800 mg/day) given orally.
Results: One or more adverse effects were seen in 42 patients.
However, most of these were mild at grade 1 or 2, including
only leucopenia in 2, neutropenia in 1, diarrhea in 1 and
nausea in 1 as grade 3. The objective response rate was 36%
with a median overall survival of 452 days. The response rate
in patients with a high expression of thymidine phosphorylase
(dThdPase) in tumor cells (47%) was higher (p=0.092) than
that (19%) in patients with a low expression. Conclusion: The
efficacy of metronomic chemotherapy using low-dosage weekly
CPT-11 and 5’-DFUR is worthy of further clinical study,
especially in patients with a high expression of dThdPase in
primary tumor cells.

Worldwide, infusion fluorouracil (5-FU) plus leucovorin
(LV) combination therapy (5-FU/LV) was considered to be
standard for advanced colorectal cancer until 1990 (1).
Capecitabine, peroral fluoropyrimidine, reportedly has
similar efficacy and low toxicity compared to intravenous 
5-FU/LV (2, 3). In Japan, doxifluridine (5’-deoxy-5-
fluorouridine, 5’-(DFUR)), an intermediate metabolite of
capecitabine, has been widely used to treat colorectal cancer
since 1987, resulting in a median survival time of 467 days in

a phase II study with metastatic colorectal cancer patients,
suggesting 5’-DFUR gives a long survival (4).

Irinotecan (CPT-11) is a key drug in the management of
metastatic colorectal cancer, as demonstrated by several
randomized studies indicating a survival benefit. It has been
shown that the response rate to CPT-11 was 11% to 25% in
patients with advanced colorectal cancer refractory to 5-FU
based chemotherapy (5, 6). This finding implied a lack in
tumor cross-resistance to the two agents CPT-11 and 5-FU.
Recently, favorable results from combination chemotherapy
using CPT-11 and 5-FU/LV for advanced colorectal cancer
have been reported (7, 8), and a CPT-11 and infusion plus
bolus 5-FU/LV regimen FOLFIRI has been recommended
as first-line therapy for advanced colorectal cancer, as well
as FOLFOX regimens which added oxaliplatin to
intravenous 5-FU/LV (9). However, these regimens have
consisted of the maximum tolerated dosages (MTDs) of
CPT-11 and 5-FU, and consequently adverse effects at
grade 3 or worse are not uncommon.

Conventional cytotoxic chemotherapeutics affect the
endothelium of the growing tumor vasculature in addition to
affecting the proliferating cancer cells and various types of
normal cells (10). The antiangiogenic efficacy of
chemotherapy would seem to be optimized by administering
comparatively low dosages of drugs according to a more
frequent (daily, several times a week, or weekly) or continuous
schedule, with no extended interruptions – sometimes referred
to as ‘metronomic’ chemotherapy (11). This would also have
the advantage of being less acutely toxic, therefore making
more prolonged treatments hypothetically possible. Thus,
peroral fluoropyrimidine on a daily schedule would be a
typical metronomic chemotherapy. Since grade 3 or 4
toxicities can be expected to necessitate temporary suspension
of the chemotherapy, a high dosage of CPT-11 might not
allow the metronomic advantage of daily peroral
fluoropyrimidine to be realized when CPT-11 is given in
combination with peroral fluoropyrimidine. We have
therefore postulated that a combination therapy of weekly
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low-dosage CPT-11 and 5’-DFUR could demonstrate the
advantages of metronomic chemotherapy having an
antiangiogenic effect in addition to an antiproliferation effect. 

Capecitabine generates 5-FU selectively in tumors via
three enzymes located in the liver and in tumors; the final
step is the conversion of the intermediate metabolite 
5’-DFUR to 5-FU by thymidine phosphorylase (dThdPase)
in tumors (12, 13). The high level of dThdPase in tumor
tissue is essential for the efficacy of capecitabine and 
5’-DFUR. The susceptibility of tumor cells to 5’-DFUR has
been reported to be enhanced by the transfection of the
dThdPase gene (14). Here we report the results from a pilot
phase II study conducted to assess the safety and the
antitumor effect of weekly low-dosage CPT-11 and 
5’-DFUR combination metronomic chemotherapy for
advanced colorectal cancer. In addition, in the present study,
we investigated the relationship between the antitumor
efficacy and the expression of dThdPase in tumors.

Patients and Methods

Patient selection. Between October 2000 and December 2003, a total
of 45 patients entered this prospective study. The eligible criteria
were histological findings of colorectal carcinoma indicating
nonresectable metastatic or recurrent disease, no prior major surgery
or radiation therapy within 2 weeks of beginning treatment,
measurable tumors with at least one lesion having dimensions >1 x
1 cm in longest diameters, a life expectancy of >3 months and a
performance status (PS) = 0-2, adequate bone marrow function
(leukocytes (WBC) >4,000 per mm3, platelets >100,000 per mm3),
adequate liver function (bilirubin <1.5 mg/dl), adequate renal
function (creatinine <1.5 mg/dl), no serious or uncontrolled
concurrent medical illness, and no active other malignancy. Prior
chemotherapy for metastatic disease was allowed. Patients were
required to be >20 years and <80 years of age, and non-pregnant.
All patients were informed of the investigational nature of this
treatment and gave their fully informed written consent.

Treatment protocol. CPT-11 was administered for three consecutive
weeks followed by one week of rest, in 4-week treatment cycles. Forty
mg/m2 of CPT-11 were given by infusion intravenously over 2 h. 
5’-DFUR was given orally at a total dosage of 800 mg/day, in four
divided dosages on day 3 to day 7, day 10 to day 14, day 17 to day 21,
and on day 24 to day 28 (involving intervals of two days with no 
5’-DFUR). Cycles were repeated every 4 weeks. The therapy was
temporarily suspended for grade 2 or higher mucositis, any grade of
diarrhea, grade 3 or 4 other non-hematological toxicity, or for WBC
<3,000/mm3, granulocytes <1,500/mm3, or platelets <7,5000/mm3.
The therapy was alternatively re-instituted using a dosage reduction
of CPT-11 (30 mg/m2) and 5’-DFUR (600 mg/day) in three divided
dosages after all toxicity had recovered, if WBC <2,000/mm3,
granulocytes <1,000/mm3, platelets <50,000/mm3, or grade 3 or
higher non-hematological toxicity (excluding nausea/vomiting and
general fatigue) was noted. The therapy was abandoned if any further
dosage reduction was indicated, or grade 4 non-hematological toxicity
occured, or in any case where the treatment was temporarily
suspended for longer than 21 days from the schedule. All treatment
was performed on an outpatient basis.

Assessment of toxicity. Adverse reactions were evaluated according to
the National Cancer Institute Common Toxicity Criteria (NCI-CTC)
version 2.0 (15). 

Follow-up evaluation. Within 2 weeks before initiating the
chemotherapy, all patients were assessed by a physical examination,
routine hematology and biochemistry analyses, ECG, chest X-ray and
abdominal computed tomography (CT) scans to define the extent of
disease. Complete blood cell counts with platelet and differential
counts were recorded weekly during chemotherapy and serum
chemistries were repeated once or twice within every treatment cycle.
Subjective symptoms, body weight, physical examination,
performance status, and all adverse effects were recorded before each
treatment course. Measurement of serum tumor marker
carcinoembryonic antigen (CEA) level was performed at least once
every 4 weeks. 

Assessment of the objective response rate, overall survival and progression-
free survival. Measurable lesions were reassessed every 8 weeks using
CT scan, X-ray, and other techniques that allowed retrospective and
independent evaluation. The response rate was assessed every 8 weeks
using the RECIST criteria (16). In cases of partial response or
complete response, a further assessment 4 weeks later was required
for confirmation of the response. All tumor measurements were
reviewed and confirmed by an independent panel of radiologists.
The overall survival (OS) and the progression-free survival (PFS)
were calculated as the time from the first infusion to any death or
disease progression using the Kaplan-Meier product-limit method.

Immunostaining of dThdPase. The previously resected surgical
specimens of the primary colorectal tumor fixed with formalin and
embedded in paraffin were available from 40 patients for
examination of the dThdPase expression. Serial 4-Ìm thin sections
were made from each block. One section from each block was
stained with hematoxylin and eosin, a second was immunostained
for dThdPase. Immunostaining was performed using the avidin-
biotin peroxidase complex method, as reported elsewhere (17).

Statistical analysis. All data were compiled and analyzed using
Statistical Analysis Software (SAS) version 6.12, (SAS Institute,
Cary, NC, USA). The exact binomial confidence interval was
applied to estimate the response rates.

Results

Patient characteristics. The backgrounds of the patients are
summarized in Table I. The average age was 60 years,
ranging from 39 to 77 years. Fifteen patients were aged 65
years or over. Thirty-two were male and 13 were female.
The PS was 0 in the majority of patients. Twelve patients
presented synchronous metastasis and 33 presented
metachronous metastasis, with the most commonly affected
organ being the liver. Most patients had more than one
organ affected by metastases.

Adverse effects. One or more adverse effects were seen in 42
of the 45 patients, with the most common being nausea and
alopecia (Table II). However, most of these were mild at
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grade 1 or 2. Three patients were subjected to dosage-
reduction in CPT-11 and 5’-DFUR according to the dosage-
reduction criteria, and another 3 patients requested dosage
reduction in CPT-11 because of grade 2 nausea/vomiting or
fatigue. Two patients dropped out of this study: one due to
diarrhea and the other due to non-medical, personal
reasons. The average number of 4-week cycles of the CPT-
11 and 5’-DFUR treatment was 5.5±3.1, ranging from 1 to
11 cycles.

Response rate. One patient achieved a complete response
(CR) while 15 patients achieved partial responses (PR).
Twelve patients did not respond to chemotherapy and the
disease progressed (PD); 17 patients showed a stable
condition (stable disease: SD). The objective response rate
was 35.6% with the 95% confidence interval (95% CI) being
from 21.9% to 51.2%. The disease control rate was 73.3%
with the 95% CI being from 58.1% to 85.4%. The response
rate was 40.0% (95% CI: 22.7%-59.4%) in the 30 patients
who had not received any prior chemotherapy, and 26.7%
(95% CI: 7.8%-55.1%) in the 15 patients who had received
prior chemotherapy. When the patients were stratified

according to age, the response rate was 33.3% (95% CI:
17.3%-52.8%) in the 30 patients younger than 65-years-old,
and 40% (95% CI: 16.3%-67.7%) in the 15 patients aged 65
years or older.

Overall survival time and progression-free survival time. The
median overall survival time (OS) was 452 days, considering
all 45 patients. The OS was 452 days in the 30 patients who
did not receive any chemotherapy and 435 days in the 15
patients who had received prior chemotherapy (Figure 1).
When the patients were stratified according to their age, the
OS was 452 days in the 30 patients younger than 65-years-
old, and 336 days in the 15 patients 65-years-old or more.
The median progression-free survival time (PFS) was 187
days, for all 45 patients. The PFS was 197 days in those
patients who had not received any chemotherapy, and 162
days in those patients who had (Figure 2). The PFS was 191
days in the 30 patients younger than 65-years-old, and 178
days in the 15 patients aged 65 years or more.

Relationship between antitumor effects and dThdPase expression
in the primary tumors. The dThdPase was stained both in the
tumor cells and in the stromal cells. Most patient samples
were associated with dThdPase expression in the stromal cells;
however, dThdPase expression in the tumor cells was present
to various extents (Figure 3). We classified the patient samples
into 2 categories as low expression or as high-expression
according to the proportion of tumor cells positively staining
for dThdPase. When the number of tumor cells positive for
dThdPase accounted for more than 10% of all tumor cells, the
patient was defined as presenting a high expression. Twenty-
one patients presented a low expression and 19 patients a high
expression. The response rate in patients with a high
expression was 47.4% (9/19, 95% CI: 24.4%-71.1%), which
tended to be higher than the 19.0% (4/21, 95% CI: 5.4%-
41.9%) in the patients with a low expression, although the
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Table I. Patient characteristics.

Parameter No. of patients %

Gender
Male 32 71
Female 13 29

Age (years)
Mean 60
Range 39-77

Performance status (ECOG)
0 28 62
1 12 27
2 5 11

Primary site
Colon 25 56
Rectum 20 44

Metastasis 
Synchronous 12 27
Metachronous 33 73

Metastatic site
Liver 21 47
Lung 19 42
Lymph node 14 31
Peritoneum 12 27
Other 14 31

Number of sites
1 18 40
2 17 38
≥3 10 22

Prior chemotherapy
Yes 15 33
No 30 67

Table II. Adverse effects reported in 43 of the 45 patients.

Adverse effect No. of patients Grade

(%) 1 2 3 4

Nausea 27 (60) 12 14 1 0
Vomiting 13 (29) 9 4 0 0
Fatigue 23 (51) 18 5 0 0
Leucopenia 20 (44) 13 5 2 0
Neutropenia 17 (38) 11 5 1 0
Alopecia 21 (47) 21 0
Diarrhea 9 (20) 3 5 1 0
Liver dysfunction 3 (7) 0 3 0 0
Stomatitis 1 (2) 1 0 0 0
Hand-foot syndrome 1 (2) 1 0 0 0



difference did not reach significance (p=0.092). The OS was
619 days in the 19 patients with a high expression for
dThdPase, and was longer than 277 days in the 21 patients
with a low expression (Figure 4).

Discussion

Recently, the antitumor efficacy of peroral fluoropyrimidines
such as capecitabine and UFT (tegafur + uracil)/LV has
been reported as not being inferior to that of intravenous 
5-FU/LV therapy for advanced colorectal cancer (3, 18). In
general, chemotherapy using peroral fluoropyrimidines,
when compared to that using either 5-FU/LV or its

combinations with irinotecan or with oxaliplatin (8, 9), has
been characterized by a lower incidence of adverse effects,
especially of infrequent adverse effects at grade 3 or higher
(2). This is the reason that chemotherapy using peroral
fluoropyrimidines can be continued for a long duration on
an outpatient basis without decreasing the patient’s quality
of life. For patients, these are critical benefits of therapy
using peroral fluoropyrimidines. 

It has been shown that administration of peroral
fluoropyrimidines on a daily schedule for an extended period
of time may inhibit growth in the endothelium continuously
without inducing drug resistance (19). However, when bi-
weekly or tri-weekly MTD of CPT-11 is combined with
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Figure 1. Overall survival curves. The median overall survival time (OS) was 452 days, for all 45 patients (left). The OS was 452 days in patients who
had not received any chemotherapy (right, First-line, n=30) and 435 days in patients who had received prior chemotherapy (right, Second-line, n=15).

Figure 2. Progression-free survival (PFS) curves. The median PFS was 187 days, for all 45 patients (left). The PFS was 197 days in patients who had
not received any chemotherapy (right, first-line, n=30) and 162 days in patients who had received prior chemotherapy (right, second-line, n=15).



peroral 5’-DFUR, the combination therapy may often be
temporarily suspended and does not allow such benefits of
peroral fluoropyrimidines to be realized. Severe serious toxic
effects, including neutropenia and diarrhea, often associated
with a bi-weekly regimen FOLFIRI (irinotecan combined
with bolus plus infusion 5-FU/LV) – one of the standard
therapies for metastatic colorectal cancer – were not observed
with our metronomic regimen using weekly low-dosage
CPT-11 and 5’-DFUR as reported here. The low incidence
of grade 3 toxicity and the absence of any grade 4 toxicity
reported in the present study could be an advantage for
application to poor-PS patients without risk of any decrease
in the patient’s quality of life.

Metronomic chemotherapy has been summarized by Kerbel
et al. (11) as showing that i) conventional cytotoxic anticancer
drugs have antiangiogenic effects which could contribute to
their efficacy, ii) the antiangiogenic effects of chemotherapy
seemed to be optimized by administering such drugs
‘metronomically’ – in other words in small dosages on a
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Figure 3. Immunoexpression of dThdPase in the primary tumor tissues. The immunoreactivity of dThdPas was noted both in the tumor cells and in the
stromal cells. Most patients presented a dThdPase expression in the stromal cells; however, the extent of the dThdPase expression in the tumor cells was
variable (original magnification x200).

Figure 4. Overall survival curves based on the extent of dThdPase
expression. The median overall survival time (OS) was 619 days in 19
patients who presented a high expression for dThdPase and was longer than
277 days in 21 patients who presented a low expression for dThdPase. The
survival rate in the patients presenting a high expression for dThdPase was
higher (p=0.096) than that in those patients presenting a low expression.



frequent schedule (daily, several times a week, or weekly) in
an uninterrupted manner, over a relatively long period, iii)
conventional chemotherapy, which is administered at more
toxic MTD, requires 2- to 3-week breaks between successive
cycles of therapy (which seems to counteract the potential for
sustained therapeutically effective antiangiogenic effects), iv)
in preclinical models, metronomic chemotherapy can be
effective in treating tumors in which the cancer cells have
developed resistance to the same chemotherapeutics in a
MTD administration (which also has the advantage of being
less acutely toxic, therefore making more extended treatments
possible), v) the efficacy of metronomic chemotherapy can be
significantly increased when administered in combination with
antiangiogenic drugs, such as antibodies against vascular
endothelial growth factor (VEGF) or VEGF receptor 2, and
vi) some metronomic chemotherapy regimens induce
sustained suppression in circulating endothelial progenitor
cells and increase the levels of the endogenous angiogenesis
inhibitor thrombospondin 1, both of which can suppress
neovascularization. However for wider adaptation, the
concept and efficacy of metronomic chemotherapy should be
confirmed by further clinical trials.

The present therapy could be continued on an outpatient
basis without temporary suspension or hospitalization due to
therapy-related toxic reactions. The weekly 40 mg/m2 of 
CPT-11 combined with the 5’-DFUR is proposed as a dosage
which has minimum adverse effects and is expected to have
an antiangiogenic effect through continuous inhibition in
endothelial cells, in addition to showing an antiproliferating
effect against the tumor cells. However, no one yet knows
whether a weekly dosage of 40 mg/m2 of CPT-11 is adequate
or not as metronomic chemotherapy. Although we have not
yet carried out a conventional phase I study to determine the
MTD and the RD, the adequate dosage should be determined
using monitoring of the circulating endothelial cells and
endothelial progenitor cells, which are known to be predictors
for the effectiveness of antiangiogenic therapy (20, 21).

The response rate, the median OS and the median PFS of
our metronomic chemotherapy was 36%, 452 days and 187
days, respectively. The efficacy was similar regardless of PS
or age. Whereas these values were not superior to those in a
standard regimen, such as FOLFIRI, or FOLFOX (8, 9), as
a second- or third-line therapy, the anti-tumor efficacy in the
present study was well acceptable. The lower toxicity and the
favorable anti-tumor efficacy of our metronomic
chemotherapy can constitute a therapeutic option for those
patients with a poor PS, higher age, or having had prior
intensive chemotherapy, who often cannot receive any MTD
regimen of chemotherapy such as FOLFIRI or FOLFOX.
Since the use of all three active agents (5-FU, irinotecan,
oxaliplatin) reportedly improved the OS in advanced
colorectal cancer (22), our metronomic chemotherapy would
be ideal as a second-line or third-line therapy after any

failure in first-line FOLFOX or FOLFIRI. Another
advantage of our regimen is the schedule of drug
administration. The in vitro studies have shown that CPT-11
down-regulated thymidylate synthase expression in tumor
cells, leading to synergy between CPT-11 and 5-FU that was
maximal when CPT-11 was given 24 h prior to 5-FU (23).
Thus, it was concluded that the administration of CPT-11
was reasonable when followed by 5’-DFUR with a 2-day
interval in our regimen, in terms of antiproliferation effects
and of gastrointestinal toxicity. 

Of interest, the antitumor efficacy of our metronomic
chemotherapy against metastases was influenced by the level
of dThdPase expression in their primary tumors in terms of
response rate and survival time. Recently, Meropol et al. (24)
reported that dThdPase expression both in primary tumors
and in metastases was associated with response to
combination therapy of capacitabine and CPT-11 in patients
with metastatic colorectal cancer. While we have not
determined the level of dThdPase expression in metastatic
tumors targeted for the chemotherapy, the dThdPase
expression in metastatic tumors is expected to be similar to
that in the primary tumor, in most patients. From the same
view point, Nishimura et al. (25) reported that the dThdPase
levels in primary tumors were higher in a group without
recurrence than in those with recurrence after a curative
operation in colorectal cancer patients who received 5’-DFUR
postoperatively. Thus, the high level of dThdPase in
metastatic tumor tissue might also be essential for the efficacy
of our metronomic chemotherapy using 5’-DFUR.

Conclusion

Metronomic chemotherapy using low-dosage weekly CPT-11
and peroral 5’-DFUR is a safe and active regimen against
advanced colorectal cancer. The dThdPase expression in
tumors may be a predictive marker for the effectiveness in
response to this metronomic chemotherapy. These results
warrant further clinical study, especially in patients with a high
expression of dThdPase in their primary tumor cells, or in
elderly patients who are often not candidates for MTD
regimens such as FOLFOX and FOLFIRI.
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