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Hepatic arterial infusion chemotherapy for liver metastases from colorectal cancer
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Background: Atpresent, itis one of the mostimportantissues for the treatment of breast cancer to
develop the standard therapy for patients previously treated with anthracyclines and taxanes. With
the objective of determining the usefulness of vinorelbine monotherapy in patients with advanced
or recurrent breast cancer after standard therapy, we evaluated the efficacy and safety of vinorel-
bine in patients previously treated with anthracyclines and taxanes.

Methods: Vinorelbine was administered at a dose level of 25 mg/m?intravenously ondays 1 and
8 of a 3week cycle. Patients were given three or more cycles in the absence of tumor progression.
A maximum of nine cycles were administered.

Results: The response rate in 50 evaluable patients was 20.0% (10 out of 50; 95% confidence
interval, 10.0-33.7%). Responders plus those who had minor response (MR) or no change (NC)
accountedfor 58.0% [10 partial responses (PRs) + one MR + 18 NCs out of 50]. The Kaplan—Meier
estimate (50% -point) of time to progression (TTP) was 115.0 days. The response rate in the
visceral organs was 17.3% (nine PRs out of 52). The major toxicity was myelosuppression, which
was reversible and did not require discontinuation of treatment.

Conclusion: The results of this study show that vinorelbine monotherapy is useful in patients
with advanced or recurrent breast cancer previously exposed to both anthracyclines and taxanes.

Key words: breast cancer — vinorelbine — chemotherapy — phase Il clinical trials

INTRODUCTION chemotherapy for breast cancer, whereas taxanes are con-
. sidered to play a leading role for patients previously treated
with anthracyclines. However, there are no standard drugs or
regimens that have been shown to provide a survival benefit
for patients who have received both anthracyclines and
taxanes.

Vinorelbine is a novel vinca alkaloid derivative developed in
For reprints and all correspondence: Masakazu Toi, Department of Clinical France (1). It exerts its antitumor activity by inhibiting micro-

The treatment of advanced or recurrent breast cancer is
aimed at prolonging survival time rather than cure, with a
focus on the relief of symptoms. At present, anthracycline-
containing regimens are used as a first choice of

Trials and Research, Tokyo Metropolitan Komagome Hospital, 3-18-22

Honkomagome, Bunkyo-ku, Tokyo, 113-8687 Japan..
E-mail: maktoi77 @wa2.so-net.ne.jp

tubule polymerization (2), as opposed to taxanes’ mechanism
of action, i.e. the inhibition of depolymerization. As a single
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agent for first-line chemotherapy for advanced or recurrent
breast cancer, vinorelbine yielded response rates of =35%
(3-11), and it is classified as an active chemotherapeutic
agent for breast cancer (12).

Up to now, several studies have been conducted to evaluate
the efficacy of vinorelbine monotherapy in patients with
advanced or recurrent breast cancer after standard therapy.:
Livingstone et al. (13) reported that 25% of patients resistant
to anthracyclines and paclitaxel responded to' high-dose
vinorelbine with granulocyte colony-stimulating factor (G-CSF)
support (13). In the study performed by Zelek et al., patients
who had previously received anthracyclines and taxanes were
given vinorelbine intravenously once a week; the dose level was
30 mg/m? in the first six patients and then reduced to 25 mg/m®
in the subsequent patients; vinorelbine yiclded a response rate
of 25% [10 partial responses (PRs) out of 40] (14).

With the objective of determining the usefulness of
vinorelbine monotherapy in the aforesaid setting in Japan,
we evaluated the efficacy and safety of vinorelbine in patients
with advanced or recurrent breast cancer previously exposed to
both anthracyclines and taxanes.

PATIENTS AND METHODS
PATIENTS

Inclusion criteria were: women with histologically diagnosed
unresectable advanced breast cancer or recurrent breast cancer
with distant metastasis; at least one evaluable disease (patients
. with bone metastasis only were not allowed); prior exposure to
both anthracyclines and taxanes; an interval of atleast 2 weeks
(trastuzumab: 8 weeks) between the last dose of previous
chemotherapy or radiotherapy and study start; Eastern Coop-
erative Oncology Group (ECOG) PS (performance status)
of 0-2; estimated life expectancy >3 months; ages 20-75;
adequate hepatic, renal and bone marrow function [NEU
=2000/mm® or white blood cells =4000/mm>; platelets
=100 000/mm>; total bilirubin <2.0 mg/dl; GOT, GPT
<2.5% the upper limit of normal (ULN) in each institution;
serum creatinine <1.5 mg/dl; PaO, =60 mmHg or Sa0,
=90%]); adequate cardiac function [cardiovascular (arrhyth-
mia) <grade 2 and cardiac-ischaemia/infarction <grade 1 as
defined by the National Cancer Institute-Common Toxicity
Criteria (NCI-CTC)]; no prior experience or suspicious symp-
toms of cardiac diseases; and no history of acute cardiac infarc-
tion within 12 months of enrollment. Written informed consent
was obtained from all patients. Exclusion criteria were: past
or current interstitial pneumonia or lung fibrosis; constipation
=grade 3; neuropathy =grade 2 (excluding dysfunction res-
ulting from local nerve pressure due to disease progression);
symptomatic cerebral metastasis; pregnancy; dose intensive
chemotherapy using hematopoietic stem cell transplantation;
active double cancer; and enrollment in other clinical trials.
This study was supported by Kyowa Hakko Kogyo Company
in Tokyo.
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TREATMENT

Vinorelbine was administered intravenously on days 1 and 8 of
a 3 week cycle. The dose of vinorelbine was 25 mg/m?, admi-
nistered by slow intravenous injection over 6-10 min after
dilution in about-50 ml of normal saline solution, followed
by about 200 m! of normal saline infusion to flush the vein..
Patients were given at least three cycles unless progressive
disease was observed. All the data were cut off after nine
cycles of treatment. Before each administration, patients
were required to have NEU =1000/mm®. G-CSF support
prior to administration was not allowed except in cases
where NEU was <1000/mm>. The dose Jevel of vinorelbine
will be reduced to 20 mg/m? when the day 1 administration is
delayed more than 1 week or the day 8 administration is omit-
ted in two consecutive cycles because of NEU <1000/mm?>.

EVALUATION

The primary end-points were objective response rate [complete
response (CR) plus PR] and safety, and the secondary end-
point was TTP. _

The efficacy of treatment was evaluated using the General
Rules for Clinical and Pathological Recording of Breast
Cancer (The Japanese Breast Cancer Society 14th edition),
and extra-mural review for all patients was also carried out.
Disease responses for patients with measurable and non-
measurable but assessable disease were classified as follows:
CR was defined as the complete disappearance of all clinical
and radiological evidence of tumor. PR was defined as a
decrease of at least 50% from baseline in the sum of bidimen-
sionally measurable disease, or obvious improvement in non-
measurable disease. CR and PR required confirmation by a
second evaluation at least 4 weeks later. A response of lesser

- duration was considered a minor response (MR). Progressive

disease (PD) was defined as an increase of =25% from base-
line in the sum of bidimensionally measurable disease, obvious
increase in non-measurable disease or the appearance of any
new disease. No change (NC) was defined as an evaluation that
failed to qualify for any of these responses. All adverse events
were graded according to NCI-CTC version 2.

RESULTS
PATIENT CHARACTERISTICS

Fifty patients were enrolled in this study between October 19,
2001 and February 3, 2003. The patient characteristics are
shown in Table 1.:

Six patients (12.0%) had advanced breast cancer, and
44 (88.0%) had recurrent disease. Five patients (10.0%) had
a PS of 2. The number of prior chemotherapy regimens for
metastatic disease was two in 22 patients (44.0%), three in
13 patients (26.0%) and five or more in three patients (6.0%).
Hormone receptor status of the primary site was estrogen
receptor positive in 22 patients (44.0%) and progesterone .
receptor positive in 16 patients (32.0%). Hormone receptor
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Table 1. Patient characteristics

Table 2. Tumor response

No. of patients 50 -
Age (years)
Median (range) 55 (37—7i)
<50 16 (32.0%)
=50 34 (68.0%)
Performance statu; (ECOG) 0 ' 38 (76.0%)
' 1 o 7 (14.0%)
2 ' 5 (10.0%)
Diagnosis Advanced 6 (12.0%)
" Recument 44 (88.0%)
Diseas&ﬁeé interval of recurrent cases (months)
Median (range) 22.0 2-97)
' <1 year 10 (22.7%)
1-5 years 28 (63.6%)
=35 years 6 (13.6%)
No. of disease sites 1 13 (26.0%)
2 16 (32.0%)
3 11 (22.0%)
4 7 (14.0%)
=5 3 (6.0%)
*Estrogen receptor status + 22 (44.0%)
- 25 (50.0%)
Unknown 3 (6.0%)
Progesterone receptor status + 16 (32.0%)
- 30 (60.0%)
Unknown 4 (8.0%)
No. of prior chemotherapy 0o 3 (6.0%)
regimens for 1 3 (6.0%)
metastatic disease
2 22 (44.0%)
3 . 13 (26.0%)
4 6 (12.0%)
=5 3 (6.0%)
Total dose of prior anthracyclines (mg/m?)
Median (range) 2400 (30-1125)
<240 32 (64.0%)
>240 18 (36.0%
Prior exposure to taxanes Paclitaxel only 10
Docetaxel iny 24
Both 16

status was examined according to the method used at each
institution. The information on Her2 status was not collected,
"because it was not included in the general evaluation items
when this study started. None of the patients had previously
been treated with trastuzumab.

Disease site n  Efficacy Overall response
CR PR MR NC PD Ng (@ 3%CD

Breast 30 00 3 00 00

Skin 90 11 5 2 0 11l

Lymphoode 23 1 3 6 7 5 1 174

Mediastinum 10 00 1 00 00

Subtotal 361 4 7 16 7 1 139

(soft tissues) :

Bone 130 01 7 2 3 00

Lung 24 0 S5 4 12 2 1 208

" Pleura 30 20 6 23 154

Liver 30 20 8 3 0 154

CNs 20 00 .0 20 00

Subtotal 20 9 4 26 9 4 173

(visceral organs)

Other 10 00 0 01 00

Total 000 10 1 18 18 20.0 (10.0-33.7)

CR, complete response; PR, partial response; MR, minor response; NC, no
change; PD, progressive disease; NE. not evaluable; CNS, central nervous
system.

0 = T T T™ T T
] 40 80 120 160 200 240
Day

Figure 1. Time to progression.

* EFFICACY

The response rate as the primary end-point was 20.0% (10 PRs
out of 50; 95% confidence interval, 10.0-33.7%) (Table 2).
The response rate in the visceral organs was 17.3% (nine PRs
out of 52). The Kaplan—Meier estimate (50% point) of TTP
was 115.0 days (Fig. 1).

The response rates by type of prior taxane exposure were
as follows: all of the 16 patients previously treated with both
paclitaxel and ‘docetaxel failed to respond to vinorelbine,
whereas responses were observed in 37.5% of the patients
who had received docetaxel only (nine PRs out of 24) and
10.0% of the patients previously treated with paclitaxel only
(one out of 10). Therefore, the response rate of the patients
with prior exposure to only one taxane was 29.4% (10 PRs
out of 34).
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Table 3. The incidence and severity of adverse drug reactions

Total Grade (no.) Grade 3-4
n % 1 2 3 4 n %

Hematological

Leukocytes 46 92 0 15 24 7 31 62
Neutrophils 47 94 1 9 17 20 31 4
Hemoglobin 38 76 13 20 3 2 5 10
Platelets 7 14 5 1 0 1 1 2
Febrile neutropenia 6 12 0 6 0 ¢ 12
TransfusionpRBCs 2 4 0 2 0 2 4
Non-hematological

Nausea 32 64 25 6 1 0 1 2
Vomiting 20 40 13 6 1 0 1 2
Diarrthea 15 30 13 2 0 o0 o 0
Anorexia 31 62 22 5 4 0 4 8
Stomatitis/pharyngitis 21 42 14 7 0 0 o0 0
Fatigue (lethargy, 36 72 26 8 2 0 2 4
malaise and asthenia)

Infection with grade 6 12 0 0 6 0 6 12
3-4 neutropenia

Phlebitis (superficial) 30 60 0 30 0 0 0 0
Injection site reaction 29 58 17 12 0 0 0 0
SGOT (AST) - 17 34 11 4 1 1 2 4
SGPT (ALT) 18 3 10 S5 2 i 3 6
Neuropathy-sensory 15 30 11 4 ¢ 0 0 0
Headache "2 4 17 3.0 0 0 0

SAFETY

The incidence and severity of adverse drug reactions are shown
in Table 3. The major toxicity was myelosuppression; neut-
ropenia (94%), leukopenia (92%), erythrocytopenia (78%)
and decreased hemoglobin (76%) were observed frequently.
Grade 3 or 4 neutropenia and leukopenia affected 74 and
62% of the patients, respectively. Other grade 3 or 4 toxicities
included febrile neutropenia (12%), infection with grade 3 or
4 neutropenia (12%), decreased hemoglobin (10%), anorexia
(8%), SGPT (ALT) increased (6%), fatigue (lethargy, malaise
and asthenia) (4%), SGOT (AST) increased (4%), and
transfusion:pRBCs (4%).

Phlebitis was seen more frequently than in the previous study
(3). In this study, all patients had previously been treated with
anthracyclines and taxanes, and had experienced more prior
chemotherapy regimens than in the previous study. We thus
suspect that phlebitis might be due to heavy prior chemo-
therapy regimens. Other events were clinically tolerable,
and were not frequent.

Forty-eight patients (96%) received more than three cycles
of treatment that was provided by the protocol. The median
number of cycles was five (range, 1-9). The dose was reduced
in one patient due to neutropenia, and none of the patients
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discontinued treatment due to adverse drug reactions. Neither
interstitial pneumonia nor ileus was observed. There were no
treatment-related deaths.

DISCUSSION

Several drugs or regimens have been evaluated for the treat-
ment of patients with metastatic breast cancer previously
reated with anthracyclines and taxanes. Capecitabine, when
used as a single agent, yielded response rates of 20.0-24.6%
in taxane-resistant patients (15,16). Two studies were con-
ducted to evaluate the efficacy of vinorelbine monotherapy
in a similar setting, both of which reported a response rate
of 25.0% (13,14). At present, however, there are no standard
drugs or regimens which have been shown to provide a
survival benefit.

In patients previously treated with anthracyclines and tax-
anes, therefore, evidence of the drug being at least effective
would justify its existence. In the present study, vinorelbine
achieved a response rate of 20.0% (10 PRs out of 50) with a
lower 95% confidence limit of 10.0%. These results show that
vinorelbine is also effective for this setting in Japan.

However, this response rate was lower than the results
reported for vinorelbine monotherapy in patients with similar
characteristics. To compare these data, the differences in prior
taxane exposure should be taken into consideration. The study
by Livingstone et al. involved paclitaxel-resistant patients (13),
and the study by Zelek ez al. involved patients previously
exposed to taxanes (14); in both of the studies, prior taxane
exposure was limited to only one regimen. On the other hand,
the protocol of this study did not specify the number of prior
taxane regimens; 16 of the 50 patients had previously received
two different taxanes, all of whom failed to respond to vinorel-
bine. Patients receiving a taxane followed by another taxane are
atrisk of experiencing overlapping toxicities. Drugs which have
different mechanisms of action and toxicity profile, such as
vinorelbine, should thus be considered for use in the patients
who have received only a single taxane. It should also be noted
that the response rate in the subset of patients previously treated
with only one taxane was as high as 29.4% (10 PRs out of 34).

In this study, one patient showed MR, and 18 showed NC.
Responders plus those achieving MR or NC accounted for
58.0% (10 PRs + one MR + 18 NCs out of 50). In three of the
NC cases, disease remained stable for as long as 24 weeks or
more. The Kaplan-Meier estimate (50% point) of TTP was
115.0 days. In situations where there are few treatment options
left because of the prior exposure to standard therapy, itis impor-
tant at least to prevent disease progression. From this viewpoint,
those results strongly support the usefulness of vinorelbine.

The major toxicity was myelosuppression, with grade 3 or
4 neutropenia and leukopenia affecting 74.0 and 62.0% of
patients, respectively. However, none of these events led to
discontinuation of treatment, with G-CSF support, if needed,
resulting in rapid recovery. It should be noted that no patient
experienced interstitial pneumonia or ileus which we had
sometimes experienced as the toxicities of vinorelbine. These
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findings show that the vinorelbine monotherapy regimen used
in this study is well tolerated and feasible. However, in this
study, we paid a lot of attention to pulmonary toxicity using the
observation of pulmonary function as part of the inclusion and
exclusion criteria. Precautions against pulmonary toxicity of
vinorelbine will still be needed in clinical practice.

At present, it is generally agreed that patients who have had
disease recurrence or progression during or after standard ther-
apy should be given another regimen using drugs with different
mechanisms of action. However, the main treatment options
now available for these patients refractory to standard therapy
are prodrugs of 5-fluorouracil, which is often used in com-
bination with anthracyclines, and another taxane. The results of
this study indicate that single-agent vinorelbine with a mech-
anism of action different from drugs used as standard therapy
may offer an important new option in these clinical settings.

In addition, there have been a lot of studies showing the '

synergistic effect of vinorelbine and other chemotherapeutic
(17-27) or molecular targeting agents including trastuzumab
(28,29) in vitro or in-vivo. In fact, favorable results have been
achieved in some clinical studies of combination therapy using
vinorelbine and trastuzumab (30-33). Furthermore, the toxicity
profile of vinorelbine suggests its potential to be used in
combination with other chemotherapeutic drugs. Therefore,
vinorelbine also appears to be a promising candidate for com-
bination therapy in breast.cancer, warranting further evaluation.
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Circadian Variability of Pharmacokinetics of 5-Fluorouracil
and CLOCK T3711C Genetic Polymorphism in Patients
With Esophageal Carcinoma
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Hitoshi Uchiyama, | Daisuke Shirasaka,* Yoshinori Morita,* Hiroyuki Yamada,* Nobuo Aoyama,}
Toshiyuki Sakaeda, Katsuhiko Okumura,{ and Masato Kasuga*

Abstract: The variations of blasma concentrations of 5-fluorouracil

(5-FU) were investigated in 30 esophageal cancer patients treated-

with repetitive protracted venous infusion (PVI) of 5-FU-based
chemoradiotherapy, and in an attempt to find a new possible
:andidate that explains their variations, CLOCK T3111C genetic
polymorphism was examined. The patients have received 2 courses
of chemoradiotherapy consisting of 2 cycles of 5-day PVI of 5-FU
(400 mg/m?/d) with cisplatin and concurrent radiation. The plasma

concentrations of 5-FU were determined'at S PMonday 3 and 5 AMon -

day 4 after the beginning of each 5-FU infusion. The CLOCK
T3111C genotype was determined by polymerase chain reaction—
restricted fragment length polymorphism (PCR-RFLP) and by direct
sequencing. Plasma concentrations were measured in 239 samples.
In the first course, the plasma concentrations of 5-FU at 5 AM were
significantly lower than those at 5 pM in the first cycle, whereas
a similar tendency was observed in the second cycle, although not
significantly (Wilcoxon signed-rank test). The plasma concentrations
of 5-FU at 5 M and 5 AM in the second cycle were both significantly
higher than those in the first cycle, and their coefficient of variation in
the former was also significantly smaller than that in the latter. These
phenomena in the first course were also observed in the second one.
These results revealed the elevation of plasma drug concentration and
its reduced circadian variation during repetitive PVI of 5-FU. In
5-FU-based chemotherapy, its administration schedule should be
made in consideration of these phenomena. The CLOCK T3111C

genotype did not have a significant impact on the variation of the

plasma concentrations of 5-FU in this study population. Further
studies are needed to clarify the mechanism of these phenomena and
to identify an easy-to-assess marker of circadian thythms for use in
individualizing delivery of 5-FU.
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5 Inorouracil (5-FU) is widely used for the treatment of

cancer in various tissues such as head and neck,
gastrointestinal tract, pancreas, and cervix. 15 This drug is
administered orally or mn'avenously as a rapid bolus injection
or as a protracted infusion. 5-FU is a time-dependent drug
whose cytotoxicity is increased by prolonging exposure
in vitro,®” and clinical evidence has confirmed that the size
of its therapeutic window between effectiveness and toxicity is
increased by the. infusional method compared with the bolus
method.®® Based on this knowledge, among different delivery
methods, protracted venous infusion (PVI) of 5-FU is fre-
quently chosen in combination with other anticancer drugs
and/or with radiation for synergistic effects.’®!! In Japan, the
infusional 5-FU-based chemoradiation regimen has been used
for nonsurgical treatment of esophageal cancer, in which a
course of treatment consisting of 2 successive 5-day cycles -of
PVI of 5-FU (400 mg/m?/d), cisplatin (CDDP), and concurrent
radiation, separated by an interval of 2 days. 31213 Thijg
regimen, established by Ohtsu and co-workers, is character-
istic across the world and has been accepted by Japanese
medical oncologists to give more effective response and less
toxicity. In other countries, 5-FU is often administered at high .

" dosage (800-1000 mg/m?/d) in a monthly repeated PVI regi-

men with CDDP and concurrent radiation for esophageal
cancer, which is the recommended regimen of the Radiation
Therapy Oncology Group (RTOG).!*!" By using repetition of
5-day PVI with low-dose 5-FU, the Ohtsu regimen has the
advantage of a high completion rate of planned courses without
dose modification®'*%; however, this regimen may have room
for discussion on. 5-FU dosage to improve treatment outcome.
A higher dosage of 5-FU leads to more effective treatment
response in vitro.” However, its dose escalation in clinical
practice may bring severe adverse effects, and therefore, to
provide 5-FU-based chemoradiotherapy safety and effective-
ness, the information about its plasma concentrations in the
Ohtsu regimen should be investigated before its dose escalation.

On the other hand, 5-FU is a typical drug showing
a circadian variation of its plasma concentration during
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PVI,'%% which results in the intra- and interpatient variability
of plasma concentrations of this drug despite PVI adminis-
tration at a constant rate.2%?!

Circadian variations in physiological and behavioral
processes are influenced by several endogenous and exoge-
nous factors. Among these, CLOCK gene is considered one of
the most important genetic factors, which plays a pivotal role
in the generation and control of circadian thythms.?? The
association of a single nucleotide polymorphism T3/1IC in
the 3’ flanking region-of the human CLOCK gene with diurnal
preference has been reported.” To the authors’ knowledge, no
previous reports were available about the relationship between
CLOCK T3111C polymorphism and 5-FU pharmacokinetics.

In the present study, blood sampling was performed at
. 2 intervals, 5 PM and 5 AM on days 3 and 4, respectively, of

each cycle, which should reflect daily active and inactive
" phases, respectively, to measure plasma concentrations of
5-FU in Japanese esophageal cancer patients treated with the
Ohtsu regimen, and the variations of its plasma concentrations
between times, cycles, and courses were evaluated. In addition,
we also examined whether CLOCK T3111C polymorphism
would influence the circadian variation of plasma concen-
trations of 5-FU.

PATIENTS, MATERIALS, AND METHODS

Patients and Treatment

The protocol for this study was approved by the
Institutional Review Board of Kobe University Hospital, Japan.
‘Written informed consent was obtained from all patients at the
beginning of this study.

Thirty male -patients with surglca.]ly untreated or
recurrent esophageal squamous cell carcinoma diagnosed at
Kobe University Hospital participated in this study. Diagnosis
of esophageal carcinoma was based on clinical, endoscopic,
radiologic, and histopathological findings. The following cri-
teria were used for enrollment for this study: age <80 years,
performance status (Eastern Cooperative Oncology Group)
0 to 2, clinical stage (International Union Against Cancer
tumor-node-metastasis system, 1997) I to IV or recurrent cases

at lymph nodes after surgery, adequate organ function, and no
other site of carcinoma except for early stage 1. All clinical

_data were collected from the medical record, questionnaires,

and interview at the time of enrollment. All patients
hospitalized were treated with 5-FU-based chemoradiotherapy.
Chemotherapy consisted of 2 successive cycles of S5-day PVI
of 5-FU 400 mg/m*/d (5 days/wk) and 3-hour drip infusion of
cisplatin (CDDP) 40 mg/m® on the first day (once/wk).

External beam radiotherapy using megavoltage equipment was
administered for 3 weeks (5 days/wk) at 2 Gy/d, concomitantly
with chemotherapy. This schedule was repeated twice at an
interval of 2 weeks (Fig: 1). An additional chemotherapy was
administered after this study case by case. No attempt was
made to impose a uniform sleep/awake cycle on each patient’s
activity.

Blood Sampling

Peripheral venous blood (5 mL) was drawn into
2 sampling tubes containing ethylenediaminetetraacetic acid
(EDTA) at 8 time points from each subject as follows: 5 PM on
days 3 and 5 AM on days 4 after the beginning of the 5-FU
infusion in each cycle (Fig. 1). Each of the 8 peripheral venous
blood (5 mL) samples drawn from each patient was split into

- 2 aliquots. One was immediately centrifuged (10 minutes at

2500 rpm) in the hospital ward, giving a plasma sample for the
determination of plasma concentration of 5-FU. The other was
used for the CLOCK genotyping. These whole-blood and
plasma samples were stored at —20°C until assay.

Determination of Plasma Concentration
of 5-FU
5-Fluorouracil injection was purchased from Kyowa
Hakko Kogyo Co. (Tokyo, Japan). 5-Bromouracil as the internal
standard was purchased from Sigma-Aldrich Co. (St. Louis,
MO). Other chemicals used were of the highest purity available.
The plasma concentrations of 5-FU were determined by
a high-performance liquid chromatography (HPLC) assay as
described previously.?* A high-performance liquid chromato-
graph, LC-10A (Shimadzu, Kyoto, Japan), was equipped with
a variable-wavelength UV detector, SPD-6AV (Shimadzu),
adjusted to 266 nm and an analytic C,5 reverse-phase column

1st course 2nd course
1st 2nd ist 2nd
cycle cycle cycle cycle
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FIGURE 1. Treatment schedule of .
5-FU-based chemoradiotherapy. 5-FU, (';g‘;';";")
5-fluorouracil; CDDP, cisplatin. Blood
sampling points were 5 pm on days 3 :
and 5 am on days 4 after the beginning day 1

of the 5-FU infusion in each cycle.
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(Chemcosorb 5-ODS-H, 25 cm X 4.6 cm, Chemco Co, Osaka, |

Japan). The mobile phase consisted of 10 mmol/L sodium
acetate buffer (pH 4.0)mmethanol (99:1). The flow rate was
" 1.5 ml/min, and the column temperature was maintained at
40°C. The plasma concentration of 5-FU was calculated using
a calibration curve that was constructed for each assay with
standard samples with concentrations from 0.02 to 0.5 pg/mL
and based on the peak height ratios to internal standard,
5-bromouracil. The elution time of 5-FU and 5-bromouracil
was 3.3-3.5 minutes and 7.6-7.8 minutes, respectively. The
calibration curve usually gave a correlation coefficient (%)
of more than 0.999, with an intercept corresponding to the
concentration from —0.01 t0.0.01 pg/mL. All assays were
~ performed in duplicate for a plasma sample, and mean values
were calculated. The limit of quantification was 0.01 pg/mL.
The determination was routinely validated to confirm the
precision and accuracy within 10% at all concentrations.

~enotyping of CLOCK T3111C Polymorphism
Genomic DNA was extracted by the method described
previously.?®> The genotype at positions 3111 of the CLOCK
gene was determined by polymerase chain—restriction frag-
ment length é)olymor‘phism (PCR-RFLP) analysis and direct
sequencing.*® The following PCR primers synthesized by
Hokkaido System Science Co., Ltd (Hokkaido, Japan) were
used in this study?®?¢: forward primer 5'-TCC AGC AGT
TTC ATG AGA TGC-3'; reverse primer 5'-GAG GTC ATT
TCA TAG CTG AGC-3'. PCR consisted of an initial
denaturation step at 94°C for 3 minutes, 29 cycles of 94°C
for 20 seconds, 58°C for 20 seconds, and 72°C for 30 seconds,
followed by 1 cycle of 72°C for 5 minutes. The temperature
was controlled by a programmable heat block (DNA Engine
PTC-200, MJ Japan Ltd, Tokyo, Japan). After amplification,
PCR products were digested with restriction enzymes (Bsp
12861, TaKaRa Bio Inc., Shiga, Japan), DNA fragments digested
with appropriate restriction enzymes were separated on 3%
agarose gels. The genotype determined by PCR-RFLP was
confirmed by direct sequencing on an ABI PRISM 310
Genetic Analyzer (Applied Biosysterns, Foster City, CA) using
BigDye™ Terminator Cycle Sequencmg Ready Reaction Kit
Applied Biosystems). The sense primers for PCR amplifica-
tion were used as sequencing primers.

Data Analysis and Statistics

Data are expressed as means =+ .SD. Comparisons
between plasma concentrations of 5-FU at 5 pM and 5 AM were
performed by means of Wilcoxon signed-rank test. The
coefficients of variation (CV) were calculated as the ratio of
SD to the mean value {CV% = 100 X SD/mean). The CV
values of all subjects in the first and- second cycles were
calculated, and those of each CLOCK genotype were also,

calculated. Multiple comparisons between CV values in the

first and second cycles and CLOCK genotypes were performed
by means of analysis of variance (ANOVA). P values of less
than 0.05 (2-tailed) were considered to be significant.
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RESULTS

Thirty male patients were enrolled in this study The
median age was 63.7 + 7.7 years (range 48—78) Most patients
had a good performance status (performance status 0/1/2:
17/11/2, respectively). The median body surface area was
19.3 * 4.9 m?. The clinical staging was classified as follows:
stage I in 6 patients, stage I in 5, stage I in 11, stage IV in 4,
and lymph nodal recurrence after surgery in 4. CLOCK
C3111T genotype was classified as follows: C/Cin4, C/Tin 9,
and T/T in 17 patients. Treatment compliance was very
satisfactory in 27 patients. Chemoradiotherapy was performed
as initially scheduled except for in 3 cases. One patient
interrupted his treatment on day 50 (Fig. 1) because of
depression not seen before treatment. He did not complete

‘planned radiotherapy (interruption at 52 Gy), but he completed

chemotherapy as initially planned. The other 2 patients res-
pectively needed additional intervals of 2 and 5 more days
between initially planned chemotherapy cycles because of
fever. No dose reductions of 5-FU and CDDP were found.
Plasma concentrations of 5-FU were measured on

239 samples obtained from the 30 patients, except for 1 miss- .
ing data point. No consistent plasma concentrations were
achieved at either sampling point, and large intra- and
interpatient variations were observed. Therefore, analyses
were performed by Wilcoxon signed-rank test to highlight the
fluctuating pattems. In the first course, the plasma concen-
trations of 5-FU at 5 AM were significantly lower than those at
5 pM in the first cycle [0.08 + 0.05 pg/mL and 0.10 =
0.06 pg/mL, respectively (mean * SD); P = 0.034]. A similar

- tendency was observed in the second cycle, but not significantly

(0.13 % 0.04 pg/mL and 0.14 * 0.07 wg/mL, respectively;
P =0.280) (Fig. 2). These phenomena were also found in the
second course (0.09 = 0.04 pg/ml at 5 am and 0.11 *
0.05 pg/mL at 5 pM; P = 0.003 in the first cycle, 0.12 £
0.05 pg/ml 5 aM and 0.14 = 0.06 pg/ml at S pM; P =
0.393 in the second cycle, respectively) (Fig. 2). In the first
course, the plasma concentrations of 5-FU at both 5 PM and
5 aM in the second cycle were also significantly higher than the
respective concentrations in the first cycle (5 pM, P = 0.004;
5 AM, P < 0.001) (Fig. 2). The variation of the plasma con-
centrations of 5-FU in the second course showed the same
tendency observed in the first one (Fig. 2).

The CV value in the plasma concentrations of 5-FU in
the first cycles of the first and second courses was 43.6 %

© 22.5%, ranging from 13.0% to 90.8%, and became signifi-

cantly lower in the second cycles (30.3 * 16.0%, ranging from
6.1% to 57.4%).
Figure 3 shows the relationship between the CV values

" in the plasma concentration of 5-FU in the first and second

cycles and CLOCK T3111C genotype. The CV values of the
plasma concentrations of 5-FU in the first cycles were 47.0 =
23.3%, 37.9 * 23.9%, and 42.0 * 17.6% in the patients with
homozygotes of the wild-type allele (T/T), compound hetero-
zygotes with the mutant C-allele (T/C), and homozygotes of
the mutant allele (C/C), respectively. Those in the second
cycles were 34.8 = 17.6%, 23.2 * 14.1%, and 27.6 + 5.4%,
respectively. These results showed that the CV values were not
significantly different between genotypes, although the patients
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