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FIGURE 2. Plasma concentrations of § i )\
5-FU during repetitive PVl in 30 pa-. @ | © l H |
tients with esophageal cancer. PVl, & i . e .
protracted venous infusion. Compar- o 0 = , . .
i§ons between plasmad concentra- 5PM 5AM  5PM 5AM 5PM 5AM  5PM . SAM
tions of 5-FU at 5 pm and 5 AM were 1st cycle 2nd cycle 1st cycle 2nd cycle
performed by means of Wilcoxon
1st course 2nd course

signed-rank test.

with the variant C-allele had a tendency for smaller CV values
compared with those without the C-allele.

DISCUSSION

For the nonsurgical treatrment of esophageal cancer, the
present 5-FU-based chemoradiotherapy including weekly
repeated PVI of 5-FU has been accepted, and the evidence
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FIGURE 3. Effect of T3717C polymorphism on CV values
of plasma concentrations of 5-FU in first and second cycles.
The coefficient of variation (CV) was calculated as the ratio
of standard deviation to the mean value (CV%
SD/mean). Open circles, T/T (n = 17), open squares, T/C
(n = 9); open triangles, C/C (n = 4). Each point represents
the average and standard deviation of the respective CV values
in each cycle through the first and second courses for
3 genotype groups. There was no significant difference in
CV values at any cycles.

-210-

supporting its clinical efficacy has been collected by Ohtsu
and co-workers during the last decade in Japan.>'*!* The
Ohtsu regimen is still open to discussion on the dose setting of
5-FU, but the pharmacological data are not available. Because
5-FU may have severe adverse effects such as myelosuppres-
sion, mucositis, and diarthea, the importance of monitoring
the plasma concentration of 5-FU has been discussed for
safety and effectiveness. Yet there is little information about
the therapeutic window of 5-FU in esophageal cancer.!é As
one possible cause of this, the large intra- and interpatient
variability of plasma concentration of 5-FU has been con-
sidered in head and neck cancer, which is often treated using
similar regimens to those of esophageal cancer.?’** 5-FU is

* a typical drug showing a circadian variation of its plasma

100 X .

concentration during PVI, which indicates that sampling time
has a large influence on the interpretation of the drug
concentration obtained.!**°

Reportedly, 5-FU is rapidly eliminated with a primary

_half-life between 4 and 25 minutes,?! which indicates that this

drug can achieve steady state within 1 day at the most. In the
present study, blood samplings at steady state were performed
at 5 PM on day 3 and 5 AM on day 4 after the start of PVI of
5-FU. These points lie in the middle of the duration of PVL
The Ohtsu regimen, used in the present study, includes
4 identical schedules of PVI of 5-FU (Fig. 1). This regimen has
the advantage of evaluating the reproducibility of the plasma
drug concentration and its variations between active and
inactive phase, cycle to cycle, and course to course. Therefore,
the data obtained in the present study were analyzed from the
following 3 different angles.

First, analyzed according to phase of activity, there was
a significant change in the plasma concentrations between
active and inactive phases, with higher levels in active phase
compared with inactive phase (Fig. 2). This is possibly because
of the circadian rhythm with daily active and inactive phase as
reported previously.’®!® Different studies showed different
results in the times of peak and trough plasma concentrations,
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using a cosinor curve of plasma concentrations, and peak and
trough were observed alternately every 12 hours.'®'**%*2 From
these reports, our sampling method every 12 hours was rea-
sonable for analyses of fluctuating patterns.

Second, analyzed according to cyclé, drug concentra-
tions in the second cycles were significantly higher than those
in the first cycles ‘despite the 2-day interval between the first

and second cycles (Fig. 2). The intervals of 2 days or more )
between cycles were considered to be enough for the plasma

concentrations of 5-FU to be reset to zeto at the beginning of

the drug infusion in all cycles, although this was not checked
in the present study. Interestingly, the variation of plasma drug .

concentrations between 5 AM and 5 pM in the second cycle was
smaller than that in the first cycle.
Third, analyzed according to course, these phenomena

as described above were observed in both the first and second .
courses. Furthermore, plasma-concentrations in.the. first cycle -

of the second course were lower than those in the second cycle
of the first course, and similar with those in the first cycle of
the first course. In short, reproduc1b1hty was demonstrated in”
e first and second courses. |
These results suggested that the circadian variation of
the plasma concentrations of 5-FU might converge gradually
with the elevation of plasma levels: Interestingly, a 2-day
interval could be insufficient to recover it, but a 3-week
interval -could be sufficient. This is possibly a-result of the
tolerance and recovery system of metabolic enzymes after the
long exposure to 5-FU. The elimination of 5-FU takes place
primarily by a saturable metabolic process and possibly achieves
a saturated state with rapid bolus injection of a high dosage of
5-FU.* However, its metabolism may be unlikely to saturate at
the concentration of at least 0.2 pg/mL in plasma in the case of
PV, and the theory of drug saturation cannot by itself explain
our findings.
The pharmacokinetics of 5-FU have been investigated
from the viewpoint of circadian rhythm in catabolic activities
of dihydropyrimidine dehydrogenase (DPD), which is an

initial and rate-limiting enzyme in the degradation of 5-FU.'83536

To date, dose-modified or chronomodulated chemotherapy has
been used in consideration of circadian rhythms of DPD activity,
4rug concentrations and cell cycles.”*’*® However, it is very

smplicated to take these methods into clinical practice because
of the required frequent samplings and varable circadian
thythms of 5-FU concentrations.’®® Furthermore, the relation-
ship between 5-FU concentrations and DPD activities was not
elucidated despite frequent samplings***® In the present study,
fluctuating patterns of plasma concentrations were highlighted
because even frequent samplings appear to have a limit in
detailed explanation of pharmacokinetics of 5-FU. Here, in an
attempt to determine a new and simple possible candidate that
influences the circadian variation of drug concentrations, we
focused on CLOCK genetic polymorphism. The CLOCK gene
has a pivotal role in the generation and control of circadian
thythms.? The 81gm:ﬁcance of CLOCK T311I1C polymorphlsm
has been reported in the psychiatric field?? but no previous
reports were available about its impact on the pharmacokinetics
of 5-FU. Our administration schedule of 5-FU is suitable to
investigate its possible impact because the reproducibility of
the same fuctuating patterns of plasma concentrations was
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confirmed. To keep similar surroundings, patients hospltahzed at
the same hospital with the same diseasé were tréated with the
same regimen. The result did nof show that CLOCK T3111C
polymorphJsm had a statistically significant impact on CV
values in the first and second cycles, although this SNP tended to
give a lower fluctuation of the concentration (Fig. 3). This result
was not different when CV values were analyzed according to
phase, cycle, and course (data not shown). Unfortunately, blood
sampling at other times could not be allowed in consideration of
each patient’s burden, and it remains unclear whether this result
may be influenced by the progression of DPD activity, the
clinical background of our study population, the shift of daily
active—inactive phase, or other factors. .. .

In conclusion, (1) phannacokmencs of 5 -FU may exhibit
substantlally higher plasma concentrations in the -evening than

"in the mortiing, (2) plasma concentrations of 5 FU significantly.

increased at the sécond cycle of both first and second courses of
chemotherapy despite the interval of 2 days between the first .
and second cycles and despite the very short half-life of 5-FU
(4-25 miiiutes), probably because of the methods of admin--
istration, ‘and’ (3) the’ variability in plasma concentrations of

5-FU was not stanstlcally significant -between each CLOCK

- T3111C genotype in this Japanese population. In 5-FU-based

chemotherapy, the administration schedule should be made in
considération of these phenomena. Further studies are needed
to clarify the mechanism of these phenomena and to detérmine
an easy-to-assess. marker of its circadian vananon, yielding a
clinical impact on treatment outcome foruse in 1nd1v1duahzmg )
dehvery of 5-FU. '
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Abstract Purpose: Based on the synergistic effect in
preclinical studies, a phase I clinical trial for the combi-
nation of paclitaxel and doxifluridine (an intermetabolite
of capecitabine) was performed to determine the rec-
ommended dose for the treatment of patients with met-
astatic gastric cancer. Methods The dose of pachtaxel
was increased from 60 mg/m? at level 1 to 90 mg/m? at
level 5. It was administered as a I-h infusion on days 1
and 8. The dose of doxifluridine was fixed at 600 mg/m?>
per day up to level 3, and escalated to 800 mg/m? per day
at levels 4 and 5. It was administered orally for 2 weeks.
The treatment was repeated every 3 weeks. Results: A
total of 28 patients were enrolled. No dose-limiting tox-
icity (DLT) was observed at levels 1 and 2 (paclitaxel
70 mg/m?). A DLT of grade 4 neutropema lasting for
more than 4 days was observed in one patient at level 3
(pachtaxcl 80 mg/m?). In addition, the first five of six
patients in this group experienced grade 3 neutropenia
" during the first treatment cycle. A further six patients
were added in order to confirm the safety of this dosage
level, and no more DLTs except for grade 3 nausea in one
patient were observed in the second cohort. No DLT was
seen in three patients at level 4 (paclitaxel 80 mg/m?).
DLTs (grade 3 neuropathy in one patient and a treat-
ment delay of the second cycle for more than 1 week due
to grade 3 neutropenia in another) were observed in two
out of six patients at level 5 (paclitaxel 90 mg/m?), and
this dose level was determined as the maximum tolerated
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dose. The tumor response rate was 42% (95% confidence
interval 20-67%) in 19 patients with measurable lesions.
Conclusions: The recommended dose was determined as
80 mg/m? of paclitaxel (days ! and 8) and 800 mg/m? of
doxifluridine (days 1-14) every 3 weeks. The results of

‘this phase I study are encouraging and a phase II trial is

thus warranted.

Keywords Doxifluridine - Thymidine phosphorylase

-Taxane - Gastric cancer - Clinical trial

Introduction

The incidence of gastric carcinoma is still high in Asia
and it remains one of the leading causes of death [13, 28].
The prognosis for patients with unresectable or meta-
static gastric carcinoma is poor, but chemotherapy con-
fers a benefit when compared with best supportive care
alone [9, 23]. In the past over 20 years, several anticancer
drugs such as S5-fluorouracil (5-FU), cisplatin, metho-
trexate, doxorubicin, epirubicin, mitomycin, and etopo-
side, have been studied either alone or in combination as
treatments for this disease. However, no new combina-
tion has yet emerged that is superior to 5-FU alone or to
5-FU plus cisplatin in terms of overall survival [13, 22.
31}. There is a pressing need for the evaluation of new
agents such as the oral fluoropyrimidines and taxanes.

Paclitaxel promotes microtubule assembly and then
exhibits its antitumor effect by arresting the cell cycle in -
the G,/M phase. This mechanism of action is different
from conventional anticancer drugs, and it has therefore
been suggested that combination therapy with other
anticancer drugs may be clinically effective [17). The
efficacy of paclitaxel has previously been confirmed
clinically in various tumors including gastric cancer |1,
5, 10, 18, 19, 21, 33]. Furthermore, some promising
regimens of paclitaxel combined with 5-FU/leucovorin/
cisplatin, or with S-FU/cisplatin have been reported in
advanced gastric cancer (11, 14).
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Preclinical studies have shown that paclitaxel induces
thymidine phosphorylase (dThdPase) specifically in
various human tumor tissues [26]. The oral fluoropyr-
imidine capecitabine and its intermetabolite doxifiuridine
are prodrugs that are converted to 5-FU by dThdPase in
tumor tissues [6, 12]. A synergistic effect on inhibition of
tumor growth has been reported when these agents are
combined with paclitaxel {26]. Modest activity of cape-
citabine and doxifluridine has been reported in the
treatment of advanced gastric cancer [7, 15, 20, 32].
Doxifluridine was approved for use in the treatment of
advanced gastric cancer in 1987 in Japan, but capecita-
bine is still under investigation for this disease.

Thus, we conducted a phase I clinical trial in order to
study the feasibility of paclitaxel/doxifluridine combined

“ therapy. The tumor response was also investigated.

Patients and methods
Patients

All patients had to fulfill the following eligibility criteria:
(1) histological confirmation of gastric adenocarcinoma;
(2) inoperable metastatic disease or recurrent metastatic
disease after surgery: (3) measurable or evaluable le-
sions; (4) aged from 20 to 75 years; (5) performance
status (PS) < 2 on the Eastern Cooperative Oncology
Group (ECOG) scale: (6) a maximum of one prior
chemotherapy other than paclitaxel or doxifluridine for
advanced disease (prior chemotherapy for advanced
disease must have been completed at least 4 weeks prior
to enrollment): (7) adequate bone marrow function
(absolute granulocyte count 21500/mm* and platelet
count 2100,000/mm? ; (8) adequate liver function (serum
bilirubin < 1.5 mg/d! and serum transaminase < 100 U/1);
(9) adequate renal function (serum creatinine <1.2 mg/
dl}; (10) no other severe medical conditions; (11) no other
active malignancies; (12) no pregnant or lactating pa-
tients: (13) no peripheral neuropathy; and (14) provision
of written informed consent.

This study was approved by the Institutional Review
Board of the National Shikoku Cancer Center.

Dose-limiting toxicity and maximum tolerated dose

Dose-limiting toxicities (DLTs) were determined during
the first treatment cycle. The definitions of DLTs were as
follows: (1) grade 4 neutropenia lasting for at least
4 days, or grade 3 or 4 neutropenia with fever, (2) grade
4 thrombocytopenia, (3) grade 3 non-hematological
toxicity. and (4) treatment delay of more than 2 weeks
following the last administration of doxifluridine. The
maximum tolerated dose (MTD) was defined as the dose
level at which two of the three to six treated patients
experienced DLT, and the recommended dose (RD) was
determined at one level below. :
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Baseline evaluation included a complete medical
history, physical examination, complete blood cell
count, ‘'serum chemistry, urinary analysis, ECG, gas-
troscopy, gastrography, abdominal CT scan, and chest
radiography. Blood. chemistry, urinary analyses. and
subjective/objective symptoms for toxicity were moni-
tored on a weekly basis during the treatment. Blood cell
counts were determined at least every 2 days if hema-
tological toxicities of grade 3 or more were seen in the
first treatment cycle. When patients received the sub-
sequent treatment cycle, they had to fulfill the previous
eligibility criteria (7), (8), and (9), and their non-hema-
tological toxicities had to recover to grade 1.

Toxicities were evaluated according to the National
Cancer Institute common toxicity criteria (version 2.0).

Dosage and administration

The previous reports of phase I clinical trials studying the
weekly administration of paclitaxel as a single agent in
breast and ovarian cancer revealed that the RD was 80—
100 mg/m?[16, 27). We set the starting dose of paclitaxel
(Taxol; Bristol-Myers Squibb Company, Tokyo. Jagan)
at 60 mg/m? and the dose was escalated by 10 mg/m* for
each dose level up to dose level 3, Paclitaxel dissolved in
500 ml of an isotonic sodium chloride solution was
administered on days 1 and 8 as an intravenous (i.v.) drip
injection over 60 min following the short premedication
(dexamethasone sodium phosphate 20 mg i.v. drip,
diphenhydramine hydrochloride 50 mg orally, and ran-
itidine hydrochloride 50 mg i.v. 30 min before paclitaxel
administration). Because 600-800 mg/m® per day of
doxifluridine (Fulturon; Chugai Pharmaceutical Com-
pany, Tokyo, Japan) was considered the dose for patients
with gastric cancer and this dose had been approved as
the single-agent RD in Japan [20, 33}, we fixed doxiflu-
ridine at the dose of 600 mg/m? per day and administered
it orally at regular intervals four times a day (after each
meal and before sleep) for 14 days. If the MTD did not
reach level 3, the dose of each drug in the subsequent
level was escalated in tandem by 10 mg/m? of paclitaxel
and by 200 mg/m? of doxifturidine as shown in Table 1.

This treatment was.repeated every 3 weeks (one cycle
each) until disease progression or unacceptable toxicity
was seen. The first cycle of the treatment was performed
in the in-patient setting in our center. If the patient
experienced DLT followed by no disease progression.
the subsequent cycle was started at the next lower level

after complete recovery from the toxic effects of the
previous cycle.

Tumor response

- Tumor response was evaluated every 6 weeks by means

of CT scan. Measurable lesions were assessed according
to the Response Evaluation Criteria in Solid Tumors
(RECIST) [30}. :



Table 1 Dose level, number of patients enrolled, and DLT

Level Paclitaxel (mg/m?) Doxifluridine (mg/m?) No. of patients DLT

i 60 600 4 None

2 70 600 3 None

3 80 600 12 One grade 4 neutropenia lasting more than 4 days;
) one grade 3 nausea

4 80 800 3 None

5 90 - 800 6 One grade 3 neuropathy; one treatment delay

due to neutropenia
2 . »
-m*) was set as the RD. The lowest neutro

Results ) t neutrophil counts in

A total of 28 patients were enrolled, with 4 patients
dosed at level 1, 3 at level 2, 12 at level 3, 3 at level 4, and
6 at level 5 from September 2001 to January 2003 (Ta-
ble 1). Because one patient dosed at jevel 1 developed a
grade 1 hypersensitivity reaction during the first treat-
ment cycle and refused further treatment, a replacement
patient was added to this dosage group. The patient
characteristics are shown in Table 2. Of the 28 patients,
21 exhibited a good PS (0 or 1). and 22 had had a prior
chemotherapy. The most frequent prior chemotherapy
was 5-FU (17 patients). Nine patients had differentiated
histological gastric adenocarcinoma, and the remainder
had the undifferentiated type. The major metastatic sites
were peritoneum. lymph nodes and liver. ' '
The adverse events in the first cycle are summarized
in Table 3. The most frequently observed toxicity was
neutropenia. DLTs were not observed at levels 1 and 2,
but a DLT (grade 4 neutropenia which continued for
more than 4 days) was observed in the second patient at
level 3. Then three patients were added to this dosage
group. No DLT was observed in these additional pa-
tients. However. grade 3 neutropenia was observed in
five patients (83%) in the first treatment cycle at this
dose level. In addition, a 1-week postponement of the
second cycle was needed due to the neutropenia in one
patient and grade 4 neutropenia developed in another
patient in the second cycle. Therefore, an additional six
patients were enrolled in order to confirm the safety of
this dose level. No DLT except for grade 3 nausea in one
patient was observed in this second cohort, and we
moved to the next dosage level. At level 4, grade 3
neutropenia was observed in two of three patients.
However, no DLT was seen in this cohort. DLT (more
than a l-week treatment delay due to grade 3 neutro-
penia) was observed in the third patient at level 5. Three
patients were added to this level. DLT (grade 3 periph-
eral neuropathy) was observed in the sixth patient.
Grade 2 neuropathy appeared following the first
administration of paclitaxel on day 1 and increased to
grade 3 immediately after the second administration on
day 8. The treatment was continued up to three cycles at
the next lower dosage level, although grade 1 or 2
peripheral neuropathy developed during every cycle.
From these results. level 5 was determined as the MTD
and level 4 (paclitaxel 80 mg/m?, doxifluridine 800 mg/

the first cycle at each dosage level are shown in Table 4.
The medians of the lowest absolute neutrophil counts
were graded as grade 3 neutropenia in levels 3. 4 and 5.
Their values were apparently lower than those in levels 1
and 2. The period of recovery to grade 1 was around a
week in levels 3, 4, and 5. It was also longer than that in
levels 1 and 2.

The main toxicity of this combined therapy was
myelotoxicity, neutropenia in particular. Grade 3 or 4
neutropenia was observed in 0 of 12 cycles (0%) at level
1, 1 of 20 cycles (5%) at level 2, 14 of 76 cycles (18%) at
level 3. 3 of 13 cycles (23%) at level 4. and 3 of 15 cycles
(20%) at level 5. Non-hematological toxicities of greater
than grade 3 were observed in four patients during all
treatment cycles. Two of these were the DLT. One of the
remaining two patients showed grade 3 diarrhea in the
fourth cycle at level 4, and the other patient showed
grade 3 peripheral neuropathy after five cycles at level 5.
A total of seven patients needed dose reduction during
all treatment cycles. Four patients with DLT (Table 1)
and two patients with grade 3 diarrhea and grade 3
peripheral neuropathy. respectively, were included. The
other was the patient who showed grade 4 neutropenia
in the second cycle at level 3. Peripheral neuropathy of
grade 1 or 2 occurred in 2 of 12 patients at level 3, 1 of 3
patients at level 4, and 3 of 6 patients at level 5. It tended
to be more severe following repeated administration of
paclitaxel and seemed cumulative. Hand-foot syndrome

Table 2 Characteristics of patients

Age (years)

Median 63
Range 44-75
Sex )

Male/female 16/12
Performance status (ECOG)

0/1/2 10/11/7
Prior therapy

Gastrectomny 20
Chemotherapy (5-FU) 22 (17)
Histological type -
Differentiated 9 -
Undifferentiated 19
Sites of metastasis

Liver 6
Abdominal lymph nodes 17
Lung 5
Peritoneum 19
Spleen 2
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Table 4 Lowest absolute neutrophil count (LNC) during the first treatment cycle

Level LNC (per mm?) Time to LNC (days) Recovery from LNC (days)
Median ) Range Median Range - Median Range

1 1860 12871884 14 12-22 2 2-6

2 1700 558-1768 14 4-17 3 2-10

3 904 200-1672 14 6-16 8 4-15

4 867 738-996 14 14 8 7-8

5 902 801-1824 14 13-17 6 621

was not observed in any patient during any treatment
cycle. There was no treatment-relatéd death.

The median numbers of administration cycles were 2
(range 1-8) for level 1, 6 (range 3-11) for level 2, 6 (range
2-13) for level 3, 4 (range 3-6) for level 4, and 3 (range
2-5) cycles for level 5.

An objective tumor response was not observed in the
patients at dosage levels 1 and 4. Three patients showed
a partial response (PR) at level 2. Two patients showed a
complete response (CR) and one patient showed a PR at
level 3. Two patients showed a PR at level 5. The overall
response rate in all 19 patients with measurable lesions
was 42% (95% confidence interval 20-67%). The re-
sponse rate in pretreated patients was 43% (6/14) and
that in chemonaive patients was 40% (2/5). The ascites
disappeared in two of three patients without measurable
lesions at level 3.

Discussion

Based on the results of phase I and II clinical trials of
paclitaxel, the RD was set at 210 mg/m? over a 3-week
dosing schedule in Japan, and a relatively high tumor
response rate of 23% has been reported for advanced
gastric cancer [29, 33]. In addition, paclitaxel yielded the
same response rate in the second-line setting (23%) as in
the first line setting (24%), and non-cross resistance with -
other anticancer drugs was suggested. In terms of the
toxicity; leukopenia and neutropenia of higher than
grade 3 were observed in 28% and 58% of patients,
respectively. These results are supported by other studies
{1, 5]. In recent years, the concept of dose-dense therapy
whereby the interval between administrations is short-
ened to reduce the time for regrowth of neoplastic cells
has been proposed [8]. Several clinical studies involving
weekly dose-dense therapy of paclitaxel have been per-
formed in lung, breast, and ovarian cancer [16, 24, 27.
Following a phase I clinical trial in 60 patients with
advanced cancer who had been treated previously with
systemic chemotherapy other than taxanes, the RD was
80 mg/m? of paclitaxel weekly, and grade 3 or higher
toxicities were rarely observed [16]. In addition, a recent
randomized trial comparing two administration meth-
ods of paclitaxel with the same dose intensity (conven-
tional 3-week regimen of 200 mg/m? and weekly regimen
of 67 mg/m?) in patients with recurrent ovarian cancer
revealed equal response rates and overall survival, and

reduced toxicities with the weekly schedule [24]. Thus,
weekly dosing of paclitaxel has been confirmed to have
equal efficacy and lower toxicity than the conventional
dosing regimen.

Capecitabine is still under investigation for advanced
gastric cancer in Japan. Instead, the immediate precur-
sor to capecitabine, doxifluridine, has been approved for
the treatment of advanced gastric cancer. In preclinical
evaluations, the therapeutic index of doxifluridine has
been shown to be much more than that of 5-FU {4). In
clinical studies, high oral bioavailability of doxifluridine
has been noted, and it has shown prominent antitumor
activity in patients with breast. colorectal, and gastric
cancers [2, 7, 20]). The DLT of doxifluridine is diarrhea.
Recently, it has been reported that several anticancer
drugs, including paclitaxel, upregulate the expression of
dThdPase specifically in tumor tissues and that paclit-
axel in combination with doxifluridine shows the syn-
ergistic activity in several human cancer xenograft
models [26]. Furthermore, the major toxicities of pac-
litaxel and doxifluridine do not overlap. Therefore, we
adopted a weekly dosing regimen of paclitaxel in com-
bination with doxifluridine.

Neutropenia was the most frequently observed tox-
icity with this combination therapy, and was dose-lim-
iting. However, no neutropenic fever was seen in this
study. At dose level 3, one patient experienced a DLT
(grade 4 neutropenia for more than 4 days), and five of
six patients, including the patient with DLT, exhibited
grade 3 or more neutropenia in the first treatment cycle.
Based on these results, the investigators and the inde-
pendent efficacy and safety committee considered it
appropriate to stop dose loading at level 3. However, the
MTD was not achieved at this level. Then six patients
were added to confirm the safety of this dose level. No
DLT except for a patient with grade 3 nausea was ob-
served in this additional cohort. Thus, dose escalation
was reopened and no grade 4 neutropenia was observed
at level 4. Non-hematological toxicity was generally

"mild. Peripheral sensory neuropathy, one of DLTs of

paclitaxel, was well tolerated up to level 4, and diarrhea,
a DLT of doxifluridine, was not severe in the initial few
cycles at all levels. At level 4, there wds only one patient
who needed dose reduction due to diarrhea after four
treatment cycles. The median numbers of cycles
administered were 6 (range 2-13) at level 3 and 4 (range
3-6) at level 4. The main reason for stopping the treat-
ment was disease progression at levels 3 and 4. From
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these results. the dosage schedule at level 3 or 4 seems to
be highly feasible.

Conventional 3-h infusion of paclitaxel with a 3-week
interval combined with infusional 5-FU and cisplatin
was studied in Korean group in a phase II trial in
advanced gastric cancer [14]. A high response rate of
51% and good tolerability was reported in this study.
Recently, it has been reported from Germany that
weekly administration of paclitaxel with a combination
of 5-FU/folinic acid and cisplatin showed a reduced
incidence of hematological toxicity, particularly leuko-
penia, and other toxicities. apart from a slightly higher
incidence of peripheral neurgpathy, were also compa-
rabie between the weekly regimen and the conventional
regimen [11]. The response rate (50%) in this German
phase 1I study in advanced gastric cancer was well
maintained with the weekly regimen.

Active oral fluoropyrimidines, such as capecitabine,
S-1. and uracil/ftorafur (UFT) plus leucovorin have re-

" cently been developed {3. 15, 25]. Based on promising
reports, trials are being urgently undertaken in many
countries to determine whether 5-FU combined with
various agents could be replaced by these new oral flu-
oropyrimidines. Although most patients in our study
had received prior chemotherapy, this doxifluridine and
paclitaxel combined therapy yielded a high response rate
of 42% (95% confidence interval 20-67%). In addition,
elimination of ascites was observed in two of three pa-
tients. The efficacy of this combination therapy would
also be expected in patients with peritoneal dissemina-
tion that is frequently seen in advanced gastric cancer.
These results encouraged us to move to further trials.

In conclusion, we performed a phase 1 clinical trial
using a combination of paclitaxel and doxifluridine, and
determined the RD as 80 mg/m? of paclitaxel on days 1
and 8. and 800 mg/m> per day of doxifiuridine for
2 weeks in a 3-week treatment schedule. The results of
our present study are promising and a phase II clinical
trial of this combination therapy is planned in which the
safety of the RD will be investigated carefully in the first
six or more patients.
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Abstract Purpose. In order to define the most effective
administration schedule of the combination of paclit-
axel and oxaliplatin, we investigated the in vitro
interaction between these drugs in a panel of three
human cancer cell lines (AZ-521 gastric adenocarci-
noma cell line, HST-1 tongue squamous carcinoma cell
line, and KSE-1 esophageal squamous carcinoma cell

line). Materials and methods: Cytotoxic activity was’

determined by the WST-1 assay. Different administra-
tion- schedules of the two drugs were compared and
evaluated for synergism, additivity, or antagonism with
a quantitative method based on the median-effect
principle of Chou and Talalay. Cell cycle perturbation

_and apoptosis were evaluated by flow cytometry. Re- -

sults: Simultaneous treatment of cells with paclitaxel
and oxaliplatin showed greater than additive effects.
Upon 24-h sequential exposure, the sequence of pac-
litaxel followed by oxaliplatin showed synergistic effects
in AZ-521 and HST-1 cells," and greater than additive
effects in KSE-1 cells, while the opposite sequence
-yielded marked antagonistic effects in all three cell
lines. Flow cytometric analysis indicated that paclitaxel
induced G,/M arrest with subsequent induction of
apoptosis in the sub-G; phase. Apoptosis was most
prominent when paclitaxel preceded oxaliplatin, which
produced apoptosis in the majority of treated cells
(75%). By contrast, the reverse sequence yielded only
39% induction of apoptotic cells, the rate being not
different from those induced by each drug singly.
Conclusions: QOur findings suggest that the interac-
tion of paclitaxel and oxaliplatin is highly schedule-
dependent and that the sequential administration of
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paclitaxe]l followed 'by oxaliplatin should thus be
incorporated into the design of a clinical trial.

Keywords Oxaliplatin - Paclitaxel - Drug interaction -
Sequence-dependence

Introduction

In view of the limited effectiveness of the currently
available cytotoxic drugs for solid tumors such as gastric
cancer, esophageal cancer, and head and neck cancer,
there is an urgent need of new and better therapeutic
approaches to improve the-clinical outcome of these
diseases. Multiple novel agents have been investigated in
the treatment of patients with these cancers. Among
these, paclitaxel and oxaliplatin are two anticancer drugs
used increasingly in monotherapy or m combination
with other drugs in the clinic. .
Paclitaxel is a chemotherapeutic agent that induces
apoptosis by arresting the cell cycle at the G,/M phase
through tubulin polymerization [28]. This agent has
demonstrated clinical efficacy in the treatment of ovar-
ian cancer, non-small-cell lung cancer, breast cancer,
and head and neck cancer [26]. Paclitaxel produces
peripheral neuropathy, dose-limiting bone marrow
suppression, and alopecia [5]. Oxaliplatin (trans-1-1,2-
diaminocyclohexane oxalato platinum II) is a third-
generation platinum compound that acts as an alkylat-
ing agent, inhibiting DNA replication by forming ad-
ducts between two adjacent guanines or guanine and
adenine [12]. Oxaliplatin has been demonstrated to ex-
hibit antitumor activity against cell lines with acquired
cisplatin resistance as well as clinical tumors that are
intrinsically resistant to cisplatin and carboplatin [6, 9,
26). Phase II studies of single-agent oxaliplatin have
shown activity in colorectal [1], ovarian [23}, breast [10],
and untreated non-small-cell lung cancers [19]. Oxalipl-
atin has a different toxicity profile from that of cisplatin,
with mild nausea and vomiting and, in contrast to
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carboplatin, mild to moderate hematological toxicity.
The dose-limiting toxicity of oxaliplatin is a dose-
dependent and reversible peripheral neuropathy [7].

Paclitaxel has shown synergism with cisplatin both in
vitro and in vivo [13, 18]. The combination of oxaliplatin
and paclitaxel appears to show substantial activity in
ovarian cancer patients previously treated with cisplatin
or carboplatin, even in those with platinum resistance
[8]. Although the combination of oxaliplatin and pac-
litaxel would be expected to have potent activity similar
to that of the combination of paclitaxel and cisplatin,
few preclinical data for the interaction between these
drugs are currently available. In order to obtain the
clinical rationale for the optimal administration schedule
of this combination. we investigated the interaction be-
tween oxaliplatin and paclitaxel using an in vitro model
of human cancer cell lines using a quantitative method
- which assessed the synergism or antagonism between
these two agents.

Matenrials and methods
Cell lines and pulture

The human AZ-521 gastric adenocarcinoma cell line was
kindly provided by the JCRB Cell Bank (Tokyo, Japan)
and the cells were maintained in Dulbecco’s minimum
essential medium (DMEM) (Nissui, Tokyo, Japan) sup-
plemented with 10% heat-inactivated fetal calf serum
(GIBCO, Grand Ireland, N.Y.) in an incubator at 37°C
and 100% humidity in air containing 5% CO,. The human
HST-1 tongue squamous carcinoma cell line [20} and the
human KSE-1 esophageal squamous carcinoma cell line
[17) were established in our laboratory and the cells were
maintained under the same conditions as the AZ-521 cells.

growth. Cells were then treated with graded concentra-
tions of paclitaxel (0.3-1000 ng/ml) or oxaliplatin (0.3—
1000 pg/ml) alone for 24 h, and were incubated with
drug-free medium for an additional 24 h. Cells were wa-
shed with PBS and 100 pl medium, and 10 ul WST-1
solution was added to each well and - the plates were
incubated at 37°C for another 3 h. Absorbance at 450 nm
and 640 nm was measured using a Delta Soft ELISA
analysis program for Macintosh computers interfaced
with a Bio-Tek microplate reader (Immuno-Mini NJ-
2300). Wells containing only DMEM and WST-1 were
used as controls. Each’experiment was performed using
six replicate wells for each drug concentration and carried
out independently at least three times. The ICso values’
were defined as the concentrations that reduced the
absorbance in each test by 50%.

For the combination experiments, three different
schemes were used to investigate the interaction of
paclitaxel and oxaliplatin as shown in Fig. 1: in schedule
A, paclitaxel and oxaliplatin were exposed simulta-
neously for 24 h and incubated for additional 24 h with
drug-free medium; in schedule B, paclitaxel was
administered for 24 h followed by oxaliplatin for 24 h;
and in schedule C, oxaliplatin was administered for 24 h
followed by paclitaxel. Immediately after these treat-
ments, the cytotoxic effects were evaluated by WST-1
assay.

Analysis of combination effects
On the basis of the growth inhibition curve for each

single drug, we analyzed the effects of the drug combi-
nations using the method described by Chou and Tala-

- lay and the Calcusyn software program for automated

analysis (Biosoft, Cambridge, United Kingdom) [2, 3].
The effect of combining the two drugs was evaluated by

.- comparing the resuits of the sequential assays with those

Drugs

Paclitaxel was a gift from Bristol-Myers (Tokyo, Japan)
and oxaliplatin was a gift from Yakult (Tokyo, Japan).
Stock solutions of paclitaxel were prepared in DMSO
and those of oxaliplatin were prepared in distilled water.
Both solutions were stored at —4°C prior to use. The
final concentration of DMSO for all experiments and
treatments was maintained at less than 0.02%. These
conditions were found to be non-cytotoxic.

Cytotoxicity assay

Cytotoxic activity was measured by the WST-1 assay,
(Wako Chemicals, Osaka, Japan) following the manu-
facturer’s instructions [11]. The WST-1 assay is a colori-
metric method in which the intensity of the dye is
proportional to the number of viable cells. Briefly, cells
were 3plated into 96-well microtiter plates at a density of
5%10° cells/well, and incubated for 24 h for sufficient cell
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Fig. 1 The three combination schedules



alone. The combination effect was evaluated from iso-
effect analysis (Cis), calculated as follows: CI = Cgagpir.
axel/Cxpactitaxel T Coxaiptatin/CXoxatiplatin, Where CXpaciitaxet
and CXoxaliplatin aT¢ the concentrations of paclitaxel and
oxaliplatin alone, respectively, needed to achieve a given
effect (x%) and Cpacitaret 230d Coxaliplatin are the con-
centrations of paclitaxel and oxaliplatin needed for the
same.effect (x%) when the drugs are combined. These
concentrations were calculated for each experiment and
for each combination experiment at a fixed concentra-
tion ratio. The combination was considered as positive
(synergistic) when the combination index was <1 and
negative (dntagonistic) when it was > 1, and values of 1
were considered to indicate additivity.

Cell cycle determination

AZ-521 cells were cultured at 1x1 0° cells per 60-mm dish.
The same protocols as described in the growth inhibition
assay were used. After treatment, the cells were harvested,
washed twice in ice-cold PBS (pH 7.4), and then fixed in
100% ethanol and stored at 4°C for up to 3 days prior to
cell cycle analysis. After the removal of ethanol by cen-
trifugation, cells were washed with PBS and stained with a
solution containing propidium iodide and RNase (Sigma-
Aldrich, St. Louis, Mo.) on ice for 30 min. Cell cycle
analysis was performed on a Becton Dickinson FACS/
Calibur flow cytometer using the CELLQuest or ModFit
3.0 software packages (Becton Dickinson, San Jose, Ca-
Iif), and the percentages of apoptotic populations were
determined by measuring the sub-G, phase using FACS
analysis after collecting floating and trypsinized adherent
cells at various times following drug exposure. Each
experiment was performed in triplicate.

Results
Single-agent experiments

The cytotoxic activities of paclitaxel and oxaliplatin were
tested individually on the three tumor cell lines. The cells
were exposed to each drug for 24 h. The ICsp values
(£SD) are summarized in Table 1. For paclitaxel, the
1Cso ranged from 14.0 ng/ml(0.016 n M) for AZ-521 cells
t026.0 ng/mi(0.03 n M)for HST-1 cells. HST-1 cells were
more resistant than AZ-521 or KSE-1 cells. AZ-521 cells
were the most sensitive to oxaliplatin (0.95 pg/ml,
2.39 uM) among the three tumor cell lines, and XSE-1
cells were the least sensitive (11.9-ug/ml, 29.7 uM).

Median-effect analyéis of paclitaxel and oxaliplatin
combination in vitro

Paclitaxel and oxaliplatin were tested in different com-
binations to define the most effective schedule. Three

Table 1 ICs values of paclitaxel and oxaliplatin in three cell lines.
Cells were treated with various concentrations of paclitaxel for 24 h
or oxaliplatin for 24 h. The- values are the means£SD of three
independent experiments -

KSE-1

AZ-521 * HST-1
Paclitaxel (ng/ml) 14£1.9 26%2.6 18.9+0.9
Oxaliplatin (pg/ml) 095%0.4 3.5+20 11.9+£5.6

different schedules were tested (simultaneous or
sequential drug exposure as shown in Fig. 1) and the
exposure time to each drug was 24 h. In AZ-521 cells,
simultaneous treatment with the two drugs for 24 h
caused largely additive effects in the moderate cytotoxic
range (Fig. 2a). Sequential treatment with paclitaxel
followed by oxaliplatin produced great synergy in all the
ranges of cell kill fraction (CIFig. 2b). Conversely, when
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Fig. 2 Combination index (CI) plots of interactions between
paclitaxel and oxaliplatin in AZ-521 cells. Cells were treated with
(a) paclitaxel and oxaliplatin for 24 h simultaneously, (b) paclitaxel
for 24 h followed by oxaliplatin for 24 h, or (¢) oxaliplatin for 24 h
followed by paclitaxel for 24 h
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the inverse sequence (oxaliplatin followed by paclitaxel)
was used, antagonistic effects were observed at all levels
of cell kill fraction (CI>1; Fig.-2¢).

In HST-1 cells, simultaneous treatment and sequence
paclitaxel followed by oxaliplatin yielded similar syner-
gistic effects at the same cytotoxic ranges corresponding
to greater than 40% inhibition of cell growth (Fig.3a, b),

whereas the opposite sequence showed antagonism -

(Fig. 3¢). In the KSE-1 cells, simultaneous treatment
and sequence paclitaxe] followed by oxaliplatin showed
additive to synergistic effects (Fig. 4a, b). In contrast,
oxaliplatin followed by paclitaxel showed antagonistic
effects (Fig. 4c).

Cell cycle perturbation and apoptosis

In an attempt to explain the mechanisms underlying the
different types of interaction, the effects of paclitaxel and
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Fig. 3 Combination index (CI) plots of interactions between
paclitaxel and oxaliplatin in HST-1 cells. Cells were treated with
(a) paclitaxel and oxaliplatin for 24 h simultaneously, (b) paclitaxel
for 24 h followed by oxaliplatin for 24 h, or (¢) oxaliplatin for 24 h
followed by paclitaxel for 24 h
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oxaliplatin on cell cycle distribution and apoptosis were
studied in AZ-521 cells (Table 2). The cells were treated
with these drugs either alone or in combination with
different schedules, and cell cycle distribution was ana-
lyzed 24, 36 and 48 h after the beginning of treatment
using flow cytometry. Paclitaxel alone at a dose of
12.5 ng/ml induced accumulation of cells in the Go/M
phase. At 1 pg/ml, oxaliplatin alone caused an increase
in the G; population and a decrease in the S-phase
population, showing that it inhibited G to S progres- -
sion. Treatment with paclitaxel prior to oxaliplatin in-
duced accumulation of cell in the G,/M phase as well as
a reduction in the G; cell population, a similar distri-
bution patterns to that observed in cells treated with
paclitaxel alone, although a slight increase in the Go/G,
population and a decrease in the G,/M population were
observed compared with cells treated with paclitaxel
alone. In contrast, oxaliplatin prior to paclitaxel caused
almost identical distribution patterns to those observed
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Fig. 4 Combination index (CI) plots of interactions between
paclitaxel and oxaliplatin in KSE-1 cells. Cells were treated with
(a) paclitaxel and oxaliplatin for 24 h simultaneously, (b) paclitaxel
for 24 h followed by oxaliplatin for 24 h, or (c) oxaliplatin for 24 h
followed by paclitaxel for 24 h



