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Background: To evaluate the activity and toxicity of docetaxel in patients with metastatic esophageal cancer.
Patients and methods: Eligible patients had histologically confirmed carcinoma of the esophagus with
measurable metastatic sites according to Response Evaluation Criteria in Solid Tumors (RECIST). Patients
were either chemotherapy-naive or previously treated with one regimen of chemotherapy. Docetaxel 70 mg/m?
was administered intravencusly over 1-2 h, every 21 days.

Results: Of 52 patients enrolled in this study, three were excluded because they did not receive docetaxel due
o worsening condition after enrollment. Thirty-six patients had received prior platinum-based chemotherapy.
The majority of patients (94%) had squamous cell carcinoma. Ten of 49 evaluable patients [20%; 95% confi-
dence interval {CI) 10-34%] showed a partial response. Of the 10 partial responses, six patients had received
prior platinum-based chemotherapy. Grade 3 or 4 neutropenia was noted in 43 of 49 patients (88%), and nine of
49 patients {18%) developed febrile neutropenia. Twenty-eight of 49 patients (57%) required lenograstim.
Grade 3 anorexia and fatigue occurred in nine (18%) and six (12%) patients, respectively, Median survival time
was 8.1 months (95% Cl 6.6-11.3) and the 1-year survival rate was 35% (95% CI 21-48%).

Conclusions: Docetaxel as a single agent is effective in esophageal cancer, but careful management of neutro-
penia is needed.

Key words; docetaxel, esophageal cancer, phase II study, RECIST, single agent

Introduction aorta, the trachea and the left main bronchus, and frequently
results in Jymph node metastases. Therefore, there is a high inci-
-dence of residual tumor or recurrence after potentally curative

local therapy.

In the USA, 13 200 new cases of esophageal cancer were diag-
nosed in 2001, and >90% of patients (12 500) died of their disease,
comprising 2% of all cancer deaths [1]. The incidence of esophageal
cancer is on the rise, with more cases of adenocarcinoma of the:
esophagus being reported as compared with squamous cell car-
cinoma. This phenomenon is a common trend in most Western
countries [2]. In Japan, 9991 patients died of esophageal cancer in
1999, accounting for 3.4% of Japanese cancer deaths, which was
the sixth leading cause of death in Japanese males. However, in
comtrast to the West, squamous cell carcinoma is still the most
common histological type of esophageal cancer in Japan [3].
Surgery alone ag the standard treatment in the management of
locally advanced esophageal cancer shows a poor prognosis, with
5-year survival rates of 5-30% [4]. The prognosis is extremely
poor, despite treatments with curative intent, because esophageal
cancer spreads very guickly to adjacent structures such as the

Non-surgical therapies for esophageal cancer inciude cisplatin,
5-fluorouracil (5-FU), mitomycin C, vindesine [5, 6], paclitaxel
{7, 8] and vinorelbine [9]. The combination of cisplatin and
continuous-infusion 5-FUJ is regarded as the standard regimen for
both squamous cell carcinoma and adenocarcinoma of the esopha-
gus, with a 25-35% response rate in metastatic disease. However,
complete responses are rare, median duration of response is gen-
erally short, median survival is only 6-10 months [5, 10-12] and
toxicity of cisplatin-based chemotherapy is often substantial. New
combination regimens such as paclitaxel-cisplatin-5-FU [8§, 13]
and irinotecan—cisplatin [14] have not shown improvement in
terms of response and survival compared with cisplatin plus 5-FU,
A S-year survival rate of 27% has been reported with chemoradio-
therapy [15]. New agents and therapeutic strategies for esopha-
geal cancer are needed urgently.

*Correspondence te: Dr K. Muro, Division of Gastrointestinal Oncology,

Narional Cancer Center Hospiral, 5-1-1, Tsukijt, Chuo-ku, Tokye 104-0045,
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E-mail: kmuro@nce.go.jp
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Docetaxel has shown extensive cytotoxic activity in animal
models, as well as antitumor activity against various common
cancers in clhinical studies [16]. Clinical trials of single-agent
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docetaxel have been reported in patients with esophageal cancer
[17, 18); however, these single-agent trials had small sample sizes
and the results remain controversial, The present phase II clinical
trial investigates the clinical activity and tolerability of docetaxel
as a single agent in Japanese patients with metastatic esophageal
cancer. The dose of docetaxel used, 70 mg/m® every 3 weeks, was
based on the results of a previous Japanese study [19).

Patients and methods
Inclusion criteria

Each pasient was required to meet the following eligibility criteria: histo-
logically proven esophageal cancer; measurable metastatic lesions assessed by
Response Evaluation Criteria in Solid Tumors (RECIST) [20]; no more than

oue prior chemotherapy regimen; an Eastern Cooperative Oncology Group “-

(ECOQG) performance status of 0-2; age 20~74 years; adequate baseline bone
marrow function (hemoglobin level 29 g/d], white blood cell count 24000/mm?
and <£10000/mm’, neutrophil count 22000/mm® and platelet count
2100 000/mm?); adequate hepatic function (rotal bilirubin level €1.5 mg/dl,
and aspartate aminotransferase, alanine aminotransferase and alkaline phos-
phatase levels <2.5x the upper limit of normal); adequate renal function
(serum creatinine Jevel £1.5 mg/dl); adequate respiratory and cardiac function
(Pa0, 260 mmHg, normal ECGY); a life expectancy of at least 2 months; and
wiitten informed consent.

Exclusion criteria

Exclusion criteria included: active infection; serious complications (severe
heart disease, pulmonary fibrosis, interstitial pneumonitis and tendency to
bleeding); neuropathy grade 22 by National Cancer Institute—common toxicity
criteria {NCI-CTC) version 2.0 [21]; edema arade 22 (NCI-CTCY); active con-
comitant malignancy: symptomatic metastases of the central nervous system;
pleural or pericardia) effusion or ascites that required drainage; history of drug
hypersensitivity; pregnant and kactating females; females of childbenring age,
unless using effective contraception; concurrent treatment with cortice-
steroids; and other serious medical conditions.

Before being enrolled in the swady, all parients underwent a physical examin-
arion and a complete blood cell count with differential serum chemistry anatysis,
arterial blood sampling, chest X-ray, ECG and compured tomography scan of
the abdomen and other target sites.

Treatment plan

Docetaxel 70 mg/m® {Taxotere; Aventis Pharma Ltd, Tokyo, Japan) was
infused over 1-2 h. Treatment was repeated every 3 weeks and continued
unless there was evidence of disease progression or unaceeptable toxicity.
The dose of docetaxel was adjusted according te hematological and other
toxicities observed in the previous course. Docetaxel 70 mg/m® was reduced to
60 mg/n’, if one of the following occurred: grade 4 neurropenia lasting for
5 days or longer; grade 3 neutropenia with fever with a requirement for intra-
venous antibiotics lasting for 23 days; grade 3 thrombocytopenia lasting
25 days; grade 3 thrombocytopenia with bleeding that required platelet trans-
fusion; and grade 3 non-hematological toxicity other than nausea/vomiting,
anorexia, fatigue or hypersensitivity. Lenograsim (Neutrogin; Chugai
Pharmaceuticals Co., Ltd, Tokyo, Japan) was administered subcutaneously
when grade 4 neutropenia or grade 3 neutropenia with fever occurred. If one of
the above toxicities occurred at a dose of 60 ma/n’, docetaxel was discontinued,
No routine premedication for hypersensitivily reactions was given and there
was no routine prophylactic administration of antiemetics or granulocyte
colony-sumulating factors. When hypersensitivity reactions occurred,
docetaxel administration was stopped immediately, and coricosteroids and

antihistamines were given, Patients who experienced hypersensitivity reac-
tions were pretreated with these drugs in subsequent courses. Patients who
experienced edema or nausea/vomiting were allowed prophylactic administra-
ton of corticosteroids or antiemetics, respectively, in subsequent courses.

Criteria for response

Standard clinical measurements and radiological examination were used to
assess tumor response according to RECIST. Furthermore, we also used the
World Health Organization (WHO) response criteria [22] and a modified
criteria of the Japanese Society for Esophageal Diseases [23]. A complete
response required disappearance of all evidence of twmor for at least 4 weeks:
endoscopic confirmation of no cancer cells was required for patients with
primary tumor. A partial response was defined as a >50% reduction in the sum
of the longest perpendicular diameters of indicator lesions in WHO criteria,
and as a »30% reduction in the sum of the longest diameters of target lesions
by RECIST, for a period of at least 4 weeks. Parients were assessed for
respense every 3 weeks. An independent review commitiee confirmed the
observed responses by radiclogical and endoscopic examinations.

Statistical methods

The number of patients to be enrolled was planned using a modified multi-
stage Fleming design [24] based on an expected docetaxel response rate of
15% and a non-response rate of 5%, with o error of 0.05 (one-tailed) and
fi error of 0.2. The required number of patients was 44 . An interim analysis was
planned when 20-24 patients were enrolled, If none of the first 20-24 patients
had a partial or complete response, the trial was to be stopped. If a major
objective response was confirmed in any of the first 20-24 patients studied,
accrual was to be continued to a total of 44, .

Overall survival was measured from the start of the treatment to the date of
death or the last confirmed date of survival. The Kaplan-Meier method was
used to estimate the overall survival curves. Survival time was censored at the
Iast confirmation date if the patients were alive.

Results
Patient characteristics

Of the 52 patients enrolled in the study from 14 hospitals in Japan
between May 2000 and February 2002, the majority were maie.
Three patients never received docetaxel due to worsening condition
after enrollment, and were excluded from the analysis. Thus,
49 patients with metastatic esophageal cancer were evaluable for
both the response and toxicity analyses. Patient baseline charac-
teristics are Hsted in Table 1. The most common histological type
seen was squamous cell carcinoma (94%), with lymph nodes
(61%) as the main target site of metastases. Ninety per cent of the
patients had undergone at least one prior anticancer treatment
modality (surgery, chemotherapy, radiotherapy and/or chemora-
diotherapy). Prior chemotherapeutic regimens were mostly
comprised of 5-FU and platinum combinations.

Response and survival

Response results are summarized in Table 2. There were no com-
plete responses and response rates by both RECIST and WHO
criteria were comparable. Ten of the 49 evaluable patients [20%;
95% confidence interval (CI) 10-34%] achieved parial responses
using RECIST and 12 (24%; 95% CI 13~-39%)partial responses
by the WHO criteria. Of the 10 partial responses by RECIST,



Tahle 1. Baseline patient characteristics (n = 49)

Parameter n (%)
Age (years})
Median 64
Range 46-73
Sex
Male 46 (94)
Female 3(6)
ECOG performance SIatus
0 28 (51
1 21 (43)
Histological type
Squamous cell carcinoma 46 {94)
Adenocarcinoma 1(2)
‘Others 2(4)
Prior treatment status
Esophagectomy 25(51)
Chemotherapy 38(718)
Chemotherapy for metastatic disease 32 (65)
Postoperative adjuvant chemotherapy 6(12)
Radiotherapy 2347
Chemoradiotherapy 15(31)
None 5(10)
Prior chemotherapy regimen
5.Fluorouracii + cisplatin 25 (51
5-Fluarouraci) + nedaplatin 11 (22)
Others 2
None 11 (22)
Target site of metastasis
Lymph nodes 30 (61)
Lung 16 {33)
Liver 11 (22
Others 6(1)

ECOG, Eastern Cooperative Oncology Group.

six patients (60%) had prior history of platinum-based treatment.
The response rates in patients with prior chemotherapy and with
no prior chemotherapy were 16% (six of 38) and 36% (four of 11),
respectively. The response rates in target sites of metastases by
RECIST were 25% (four of 16) in lung, 18% (two of 11) in fiver
and 20% (six of 30) in lymph nodes. The duration of response
ranged from 1.5 to 14.7 months and the median duration of
response was 4.7 months by RECIST. Stable disease and progres-
sive disease were each observed in 19 patients (39%). The
survival of 49 evaluable patients is shown in Figure 1. With a
median foliow-up duration of 7.8 months, the median survival
time was 8.1 months (95% CI 6.6-11.3) and the 1-year survival
rate was 35% (95% C121-48%).
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Table 2. Response in assessable patients (n = 49)

Type of response Responders [n (%)]
RECIST WHO
Complete response 0 0
Partial response 10 (20) 12 (24)
Stable disease 19 (39) 15(31)
Progressive disease 19 (39) 21 (43)
Not evaluated 1(2) 1{(2)

RECIST, Response Evaluation Criteria in Solid
Tumors: WHO, World Health Organization.

-
=
=

&
Z
r)
B
‘o 50
e
g
K
=
2
=2
Wy
[ 4 8 12 18 2 24 28
Months

Figure 1. Overall survival for all 49 patients eligible for the study.

Toxicity

Docetaxel was generally well tolerated. Hematological and non-
hematological toxicities are summarized in Table 3. The most
common and severe, but reversible, toxicity of docetaxel on this
schedule was neutropenia. Leucocytopenia (grade 3 and 4) and
neutropenia (grade 3 and 4) occurred in 36 (73%) and 43 (88%)
patients, respectively. Grade 4 leukopenia and grade 4 neutro-
penia occurred in 12 (249%) and 36 (73%) patients, respectively.
Nine patients (18%) developed febrile neurropenia. Dose reduc-
tions occurred in 18 of 49 patients (37%) and 53 of 171 courses
(31%). The relative dose intensity was 0.893. Lenograstim was
given to 28 of 49 patients (57%) and in 99 of entire 171 courses
(58%). The median time to the nadir of the neuiropenia was
9 days. The median time from the nadir to recovery (=2000/mn’)
was 6 days when using lenograstim, as compared with 10 days
without fenograstim. Anemia and thrombocytopenia were infre-
quent and miid.

The non-hematological toxicities were generally mild. Anorexia
and fatigue were the most common non-hematological toxicities.
Grade 3 anorexia and fatigue occurred in nine (18%) and
six (12%) patients, respectively.

Discussion

The present investigation was undertaken to assess the activity
end tolerability of docetaxel, administered once every 3 weeks ata
dose of 70 mg/m’, in metastatic esophageal cancer. Single-agent
docetaxel in this group of patients demonstrated a response rate of
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Table 3. Toxicity in assessable patients

NCI-CTC grade [» (%)]

Grade 1 Grade 2 Grade 3 Grade 4 Grade 23
Hematological toxicity
Neutropenia 2 {4) 4(8) 7014 36(73) 43 (88)
Febrile neutropenia - - 8 (16) 1(2) 9(18)
Leukopenia 00} 13227) 24 (49) 12 (24) 36 (73)
Anemia 8(16) 19 (39) 3(6) 3(6) 6{12)
Thromboeytopenia 11 (23) 1(2) 2(4) 00 204
Non-hematological toxicity
Anorexia 22 (45) 5010 9 (18) 0(0) 9(18)
Fatigue - 26 (53) 12 (24) 6(12) 0(0) 6(12)
Diarrhea 15(31) 2 (4) 3 (& 0 36
Nausea 14 (29) 2{4) 2(d - 2(4)
Vomiting 6(12) 2 (4} (£X (1)) 0(® 0

NCI-CTC, National Cancer Institute Common Toxicity Criteria.

20-24%, with stable disease observed in 31-39% of patients using
the RECIST and WHO criteria. Neutropenia was the most
common adverse event, but was well managed with lenograstim.

The response rate of 36% observed in chemotherapy-naive
patients {albeit only 11 patients) is comparable to responses
obtained with cisplatin plus 5-FU, the standard treatment in
patients with metastatic esophageal cancer. In our smdy, the
response rate of 16% in patients with prior chemotherapy was
moderate. Single-agent docetaxel 75-100 mg/m® in second-iine
treatment of esophageal cancer has demonstrated overall response
rates of 18-28% (17, 18]. Whereas the phase II trial in France of
docetaxel at 100 mg/m* every 3 weeks as a second-line chemo-
therapy showed that docetaxel is an effective treatment for meta-
static esophageal cancer in pretreated patients, with an overall
response rate of 28% [17}], the phase II trial in the USA reported
that docetaxel at a dose of 75 l;ng/m"’ every 3 weeks was ineffective
in pretreated patients with adenocarcinoma of the esophagus [18].
However, these single-agent docetaxel trials were limited by their
small sample size (17 <25). Most of the patients in the current study
had squamous cell carcinoma, whereas, all the patients in other
studies had adenocarcinoma [18, 25].

Docetaxel was fairly well tolerated. There were no treatment-
related deaths. Grade 3 and 4 neutropenia, which was the most
common and severe toxicity, was observed in a majority of the
patients, but only one-fifth developed febrile neutropenia, Thirty-
seven per cent of patients required dose reductions of docetaxel
and 57% were given lenograstim for neutropenia. The median
time from the nadir to recovery of neutropenia was reduced to
6 days by using lenograstim, as compared with 10 days without
lenograstim.

The present investigation assessed docetaxel at a dose of
70 mgfm”. A previous Japanese phase 1 trial of docetaxel deter-
mined the maximum-tolerated dose to be 70-90 mg/m’, with
neutropenia as the dose-limiting toxicity [26]. Therefore, the

recommended dose of docetaxel for phase IT trials in Japan is
60 mg/m” every 3 weeks, which is lower than the standard dose of
75-100 mg/m® used in Western countries. This difference is based
oo different criteria for dose-limiting toxicities in clinical phase I
trials [27], and not to racial differences in docetaxel pharmaco-
kinetics [28]. The tolerability of docetaxel at a dose of 70 mg/m? in
Japanese population was confirmed by a phase II dose-escalation
study in ovarian cancer [19), and consequently the present study
was performed at that dose.

The results of this study suggest that single-agent docetaxel
70 mg/m® every 3 weeks in metastatic esophageal cancer is an
effective feasible schedule under careful management of neutro-
penia. Future studies of docetaxel alone or in combination in
locally advanced esophageal cancer are warranted,
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Abstract

The aim of this work was to determine whether intratumour contents of thymidine phosphorylase (TP), which converts 5'-deoxy-
5.fluorouridine (5-DFUR) to S-fluorouracil, and dihydropyrimidine dehydrogenase (DPD), which degrades 5-fluorouracil to
inactive molecules, could be useful in predicting the response of patients with metastatic gastric cancer to chemotherapy using
5'.DFUR. Endoscopic biopsy specimens for the measurement of TP and DPD were obtained from the primary lesions before the
start of combination chemotherapy, in which ¥-DFUR, cisplatin and mitomycin C were administered. TP and DPD were measured
by enzyme-linked immunosorbent assays after the objective responses to chemotherapy had been confirmed. Twenty five patients
were enrolled in this study and data for 22 patients in whom responses were confirmed were analysed. The median levels (ranges) of
TP and DPD were 80 (4.9-360) and 44 (15-82) U/mg protein, respectively. The median value (range) of TP to DPD ratios was 1.9
(0.25-5.1). Eight patients with a complete or partial response to chemotherapy had significantly higher TP to DPD ratios than did
the remaining patients with stable or progressive disease (P = 0.014). When a cut-off level of TP to DPD ratio was defined as the
median value, the high-ratio group (# = 11) showed a significantly higher response rate (64% vs. 9.1%, P = 0.024) than the low-ratio
group {n = 11). Overall survival of the high-ratic group was significantly longer than that of the low-ratio group (the median
survival time; 300 days vs. 183 days, P = 0.047). The efficacy of 5-DFUR could be optimised by preselecting patients with high TP/
DPD ratios in their tumour tissues, and this would be applicable to the treatment with capecitabine.
® 2004 Elsevier Ltd. All rights reserved.

Keywords: Thymidine phosphorylase; Dihydropyrimidine dehydrogenase; Gastric cancer; 5'-Deoxy-5-fluorouridine; Capecitabine; Mitomycin C;
Cisplatin; ELISA

1. Introduction investigated. One of the best known is chemosensitivity
testing by culturing of tumour cells with the chemo-
Many methods for predicting the susceptibility of a therapeutic agents [1,2]. Another useful approach is the

cancer to various chemotherapy regimens have been analysis of enzymes involved in the activation or inac-
tivation of chemotherapeutic agents. However, the

T Comesponding author, Tel: +81-89:932-1111; fax: +81-89-931- clinical rf':lff'vance of such tests has'not been estgbhshed.
2423, Thymidine phosphorylase (TP) is an enzyme involved
E-muil address: tnishina@shikoku-cc.go jp (T. Nishina). in pyrimidine nucleoside metabolism. It has been
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recently reported that TP is identical to platelet-derived
endothelial cell growth factor and has been implicated in
angiogenesis {3-5]. It has also been reported that high
expression of TP in tumours was indicative of a poor
prognosis [6]. TP is expressed in a wide variety of solid
tumours {carcinomas of the breast, stomach, colon,
pancreas and lung), and its content is higher in tumour
tissues than in adjacent normal tissues [7,8]. Capecita-
bine and 5’-deoxy-5-fluorouridine (5-DFUR), which is
an intermetabolite of capecitabine, are oral prodrugs of
5-fluorouracil (5-FU), and TP is an essential enzyme
that converts them to 5-FU [9,10]. High amounts of TP
in tumours are suggested to-enhance the efficacy of
5-DFUR [11]. 5-DFUR is currently being used for the
treatment of gastric cancer in Japan [12,13]. Conversely,
5-FU is catabolised to biologically inactive molecules
such as dihydrofiuorouracil by dihydropyrimidine de-
hydrogenase (DPD) and DPD reduces the efficacy of
5-FU against tumours [14-16].

Recently, it was revealed that the efficacy of
5-DFUR was correlated with the ratio of TP to DPD
(TP/DPD) activity in human cancer xenograft models
[17). Furthermore, a clinical study using 5-DFUR in
adjuvant chemotherapy showed that patients with a
high TP/DPD ratio in gastric cancer tissues had longer
disease-free survival than did the patients with a low TP/
DPD ratio [18]. Thus, the efficacy of 5-DFUR is
strongly influenced by the contents of TP and DPD in
the tumour tissues. Recently, convenient enzyme-linked
immunosorbent assays (ELISA) for measuring TP and
DPD in human cancer tissues were developed [7,8]. The
TP and DPD contents determined by each ELISA
showed good correlation in clinical samples of tumour
tissues with those determined by enzyme-activity assays
[7,8]. This enabled us to measure those enzymes guan-
titatively in small portions of biopsy specimens, some
comprising as little as 10 mg of tissue.

On the basis of these data, we conducted a prospec-
tive multicentre trial to investigate the relation between
TP and DPD in tumour tissues measured by ELISA and
the efficacy of 5-DFUR.

2. Materials and methods
2.1. Patient population and eligibility

Patients were eligible for this study if they met the
following inclusion criteria: (a) Patients having histo-
logically proven gastric adenocarcinoma; (b) patients
with advanced or recurrent gastric cancer with measur-
able metastatic lesions; (c) biopsy specimens taken from
the primary lesion for the TP and DPD assays; (d) pa-
tients not less than 20 years old; (e) performance status
of 0-2 (Eastern Cooperative Oncotogy Group); (f) no
prior 5-DFUR administration; (g) no severe major

organ dysfunction; (h) no severe complications; (i) ex-
pected to survive more than 8 weeks and (j) written in-
formed consent obtained.

The institutional review board of each participating
institution approved this study.

2.2. Treatment methods

The treatment regimen was as follows: 5-DFUR,
1200 mg/m? per day, was given orally from days 1 to
5; cisplatin, 10 mg/m? per day, was given by 30-min
intravenous drip infusion on days 1 and 4; mitomycin
C (MMC), 5 mg/m® per day, was given by bolus in-
travenous injection on day 8. This treatment was re-
peated every 2 weeks and was continued until
progression or until occurrence of unacceptable ad-
verse reactions.

2.3. Response criteria and treatment evaluation

The response to treatment was evaluated according
to revised World Health Organisation criteria (Re-.
sponse Evaluation Criteria in Solid Tumours) every
46 weeks [19]. The response of each patient to the
treatment was assessed by a group of extramural re-
viewers. All adverse reactions were graded according
to the National Cancer Institute Common Toxicity
Criteria version 2.

2.4. Preparation of biopsy specimens

Fresh endoscopic biopsy specimens (at least five
biopsy samples from each patients) taken for the
measurement of TP and DPD were sampled from
primary lesions before the start of chemotherapy, after
informed consent had been obtained. Samples from
each patient were immediately frozen and stored at
—80 °C. After the resporise to chemotherapy had been
confirmed, each specimen was homogenised in a
10-fold volume of 10 mM Tris-HC! buffer (pH 7.4)
containing 13 mM NaCl, 1.5 mM MgCl; and 50 pM
potassium phosphate, then centrifuged at 10,000g for
15 min. The supernatant was stored at —80 °C. The
protein concentration in the supernatant extracted
from the tumour tissue was determined using a DC
Protein Assay Kit (Bio-Rad Laboratories, Hercules,
CA}.

2.5. TP ELISA

TP in tumour tissues was measured by ELISA [7],
and the enzyme contents were expressed as U/mg pro-
tein, where 1 U was equivalent to the amount of TP
generating 1 pug of 5-FU in 1 h. The interassay precision
of TP ELISA had a coefficient of variation (CV) of
8.6%.
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2.6. DPD ELISA

DPD in tumour tissues was measured by 2 sandwich
ELISA using two monoclonal antibodies specific to
human DPD [8]. Enzyme contents were expressed as
U/mg protein, where 1 U was equivalent to the amount
of DPD catabolising 1 pmol of 5 FU/min. The interas-
say precision of DPD ELISA had a CV of 2.5%.

2.7. Statistical analysis

Differences among TP and DPD contents and TP/
DPD ratios were analysed using the Mann-Whitney U
test. Differences in response rates were analysed using
Fisher’s exact test. Overall survival rate was determined
using the Kaplan-Meier method, and the log-rank test
was used to calculate the difference in survival between
the groups. P-values <0.05 were regarded as statisti-
cally significant. All analyses were performed using
SPSS software (version 11.5J; SPSS Inc., Tokyo).

3. Results
3.1. Case analysis and background factors

A total of 25 eligible patients was enrolled in the
study between April 1999 and March 2002. Three pa-
tients could not have their responses evaluated because
5-DFUR could not be administered sufficiently, due to
gastrointestinal stenosis, and their treatments were ter-
minated or changed too early. Responses to the che-
motherapy were confirmed for 22 patients, and TP and
DPD in the biopsy specimens from these patients were
determined by ELISA. The backgrounds of these pa-
tients are shown in Table 1.

3.2. Response to chemotherapy and toxicity

The responses to treatment were: complete response
(CR) one, partial response (PR) seven, stable disease
(SD) six and progressive disease (PD) eight. The overall
response rate was 36% (8/22). Grade 3 or 4 toxicity was
caused by anorexia (4%), neutropenia (28%), anaemia
(8%) and thrombocytopenia (12%). There were no
treatment-related deaths.

3.3. Relationship between TP and DPD and responses 1o
chemotherapy

The values of TP, DPD and TP/DPD ratics for each
patient are plotted in Fig. 1(a), (b) and (c), respectively.
The median TP for all 22 patients was 80 U/mg protein
(range 4.9-360 U/mg protein) and that of DPD was 44
U/mg protein (range 15-82 U/mg protein). The median
TP/DPD ratic was 1.9 (range 0.25-5.1). Neither TP nor

Table 1
Patient characteristics

Characteristics

Number of patients (n = 22)

Age (years)
Median 66
Range 32-78
Sex
Male 13
Female
Performance status (ECOG)
0 10
1 10
2 2
Prior treatment
Chemotherapy 3
‘Target lesion
Lymph node 18
Liver 7
Lung 1
Histopathological type
Differentiated 12
Undifferentiated 10

ECOG, Eastern Cooperative Oncology Group.

DPD contents were significantly different between the
responder (CR +PR) and the non-responder (SD + PD)
groups (P = 0.25 and P = 0.23, respectively) (Fig. 1(a)
and (b)). There was a considerable overlap for the dis-
tribution of TP/DPD ratios between responders and
non-responders, but the ratios were significantly higher
in the responder group than in the nen-respender group
(P = 0.014) (Fig. 1(c)). When a cut-off level for TP and
DPD contents was assigned as the median value, there
were no significant differences in response rates between
the high- and low-level groups (response rate for TP,
55% vs. 18%, P = 0.18; response rate for DPD, 27% vs.
46%, P = 0.66). However, when the median value of the
TP/DPD ratics was designated as a cut-off level, the
high TP/DPD ratio group had a significantly higher
response rate than did the low ratio group (64% vs.
9.1%, P = 0.024) (Table 2).

There was no significant correlation between the TP/
DPD ratios and the severity of toXicities.

3.4. Survival

Only one patient was alive for 630 days up to the
final follow-up time and the remaining patients were all
dead due to tumour progression. The overall median
survival time (MST) was 240 days. When each cut-off
level for TP and DPD was assigned as the median
value, there were no significant differences in survival
between the high- and low-level groups (MST for TP,
207 days vs. 284 days, P =0.9]; MST for DPD, 240
days vs. 207 days, P = 0.62). When the median value



