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Fig 1. Linkage disequilibrium {LDI among
28 CDA variations. Pairwise LO as 7 {from
0 to 1) is expressed as 10-graded blue
color. The density of the blue color in-
creases with higher linkage rates.

v<ag-
J<v6L

J<Lig-
Y<OLEHISAI

10154
9<350¢-
v<oI8L-
¥<agii-
9<vZs-
J13pLe-ge-
V<9802

1< JB5+ZSA
INVD1Istiggd (3+ZSA

O<VEII+ZSA
9VTHTHISA

V<1962+ZSA

-

A EE R E R EY
tiEactuie
SEGEE TN E
O aP» P s
2 a
2 o
=

&

*196_%*197insC), the Alu element insertion and a known SNP
435C>T (Thri45Thr) showed complete linkage (Fig 1) with a fre-
quency of0.293. Strong LIY (r? = 0.93) was also observed among SNPs
—451C>T, —92A>G, and 79A>C. Note that moderate linkages
(r* = 0.42) were observed between the two completely and strongly
linked groups (Fig 1). Because relatively close linkages were observed
throughout the entire CDA gene spanning approximately 30 kb, the
CDA haplotypes were analyzed as one LD block.

The haplotypes determined/inferred in this study are summa-
rized in Table 1. Haplotypes without amino acid changes were defined
as the *1 group. These harboring the nonsynonymous SNPs 79A>C
and 208G>A were designated *2 and *3, respectively. The most fre-
quent haplotype was *Ia (frequency, 0.342), followed by *2a (0.164),
*1h (0.123), and *1¢ (0.102).

Effects of Patient Background Factors on
Gemcitabine Pharmacokinetics

Characteristics of the 250 patients recruited for the pharmacoki-
netic study arc shown in Table 3. As previously reported, the patient
who was homozygous for 208A showed extraordinarily high gemcit-
abine and low dFdU plasma concentrations.* Therefore, this patient
was excluded when effects of patient background factors on the phar-
macokinetic parameters of gemcitabine were analyzed.

The cffects of age and sex on pharmacokinctic parameters are
summarized in Table 4. Vz/in® was significantly higher in males than
in feimales, even after adjustments for their body surface areas (Mann-
Whitney P = 0031). The C,,,.. AUC, CL/m’ and Vz/m? of gemcit-
abine showed sigoificant correlations with age (P < .0001 for all
parameters). Values of any clinical tests, including creatinine concen-
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tration, did not correlate with pharmacokinetic parameters of gemcit-
abine. Although approximately 30% of patients in this study
underwent combined chemotherapy, no clinically significant cffects
of coadministered drugs on pharmacokinetic parameter values of
gemgcitabine were detected.

Effects of CDA Genetic Polymorphisms on
Gemcitabine Pharmacokinetics

Becauge age and sex were unbiasedly distributed among the pa-
ticnts, with the various genotypes compared in the following analysis
(data not shown), the 250 patients were not further stratified.

After careful examination, the data did not identify any *J, %2,
or *3 subtypes that showed statistically significant differences from
cach major subtype within the three groups (Table S; unpublished
data). Therefore, each subtype was combined into one group (the *1,
*2, or *3 group) to investigate the association between pharmaacoki-
netic parameters and genetic groups.

The relationships between the diplotype groups and the phar-
macokinetic parameters of gemcitabine arc shown in Figure 2 and
sumimatrized in Table 6. The data clearly showed a haplotype *3-
dependent decrease in clearance and increases in C, and AUC
values () trend P < .0001 for all parameters). The values of C,,,,,
AUC, and CL/m? observed in the paticnt bearing a homozygous
208G>A (*3/%3) were two-fold, five-fold, and one-fifth of the
means of the *1/*1 group, respectively (Table 6). In contrast, the
pharmacokinetic parameters of gemcitabine except for mean resi-
dence time (data not shown) were not significantly influenced by the
haplotype *2.
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Effect of Haplotypes *2 and *3 on Plasma
CDA Activity

Plasma CDA activities were measured in 121 patients of the 250
patients in this study. One patient in the *1/*2 group who showed
extremely high plasma CDA activities to both gemcitabine and

<o of Pationts foond oha T cytidine (43.04 and 29.04 units, respectively; far higher than the 99%
Tatle 3. Characteristics piinghoti %%r(l;)ued to Pharmacokinetic upper confidence limits of plasma CDA activitics fo'r the *1/*2group)
P was exciulded as an ouflxer. from the following st.ansncal analysis, al-
S though his pharmacokinetic parameters were quite normal,
e&ale 165 Haplotype *2 failed to show any significant effects on the
Female - 8 plasma CDA activities toward both gemcitabine and cytidine. On
Age. years the other hand, activity decreased depending on the number of
:Lean haplotype *3 (Table 6; Fig 3). The plasma CDA activities in the
Range " f e
poy 9 homozygous *3 (208A) patient were 12% (gemcitabine) and 25%
Body surface area, m? (cytidine) of the median activities for the *1/*1 patients. As shown in
Mesn Figure 4, a statistically significant correlation between the plasma CDA
g(a)nge activity toward gemcitabine and the AUC values of gemcitabine was
We.’gm' kg observed {r = —0.30; P = .0009). However, the correlations were
Mean 54.8 not remarkable.
Range 34.4-80.3 .
$D 9.7 Effect of Haplotype *3 on Toxicities
Performance status e o Then, associations of haplotype *3 with toxicities were analyzed.
? Nadir grades of neutrophil counts were compared between the patient
2 groups with and without haplotype *3 under the individual therapeu-
Primary tunior tic regimens. As shown in Table 7, there were no significant differences
Pancreas 205 in incidences of grade 3 or higher neutropenia between the two groups
b‘l’e“sgothe“um 3_? under the gemcitabine monotherapy. However, when gemcitabine
Dose, mg/m? 4 S was .administcred wi.th carboplatin, cisplatin, or ﬂuon:ouracil, grade 3
1,000 S lade or higher neutropenia was more frequently observed in the haplotype
800 : L o8 *3~bearing group than in the group without haplotype *3. The in-
flegimen creases in incidences were statistically significant. AUC values were
Gemgitabine alone 180 also i . . . .\
Gemcitabine-based combination 70 50 mcre‘ased in the group with haplotype *3 under concomitant
Cisplatin 30 therapeutic regimen as under the monotherapy.
Carboplatin 16 .
Fluorouracil ] 14
Vinorelbine ditartrate . 10
Previous treatment o
Neone
i:;?:% . The pharmacokinetic parameters summarized in Table 4 showed
Chemotherapy great similarity to those (?btained. wit;h adult American paticnts.“l.'l‘he
age-dependent decrease in gemcitabine clearance in Japanese patients

in this study is in agreement with the description for Gemzar injec-
tions (Eli Lilly Japan K.K.), which is based on a population pharma-
cokinetic study performed outside Japan. The main route of
gemcitabine elimination s its mctabolism into dFdU, and there was
no correlation between plasma creatinine level and gemcitabine clear-
ance. Therefore, the aging effect on gemcitabine clearance is Jikely to
result from a decrease in distribution volume or liver function, It is

Table 4. Effects of Patient Background Factors on Pharmacokinetic Parameters of Gemcitabine

Conar (ug/mt)

AUC thr - pg/mibd

CL/m? (Lfhrfra?) Vefen? (Lm?)

1/4-3/4 1/4-3/4 1/4-2/4 1/4-3/4
Factor Median Quantites Median Quantiles Median Quantiles Median Quantites
Male L1233 4T L 184260 861187 100 .83.7-1169 42.4° 35.13-52.0
Female A 240 ¢ .18.8288 ; ' : 86.1-111.2 1387 32.743.5
MannWhitney U 7. & .. INS L. FRT "P< 005
test I R o L
Age
Spearman r 0.32 0.39 -0.39 -0.39
F value <0001 «2.0001 < .00M <.0001

Abbreviations: C.,,,.. peak concentration; AUC. area under the curve; CLAN?, clearance; Va/m?, distribution volume based on the terminal phase.
“Significantly different from the value for female {Mann-Whitney U test P = .0031).
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Table 5. Pharmacokinetic Parameters of Gemcitabine in Patients With Various CDA Diplotypes
Median Gemcitabine PK Parameters
No. of Crnax AUC CL/im? MRT AUC Ratio

Diplotype Patients (ng/mi) {(hr - pofmb) {Lhi/m?) {hours) {dFdU/gemcitabine)
N EARE] 30 22.40 10.54 94.24 0.37 : 8.86

*18/* 10 17 22.75 10.08 97.91 0.35 9.08

“1b/" 16 6 20.81 - 9.19 -108.60 . 0.36 8.19

P value’ 0.82 0.40 Q.59 0.97 083
*1a/*1e 23 23.23 '10.87 19431 .. 035 8.73
~lclt1c 1 25.84 16.62 60.16 0.585 8.40

P value* 0.77 L .- 087 22094 L 097 . 0.83
“aftid 7 22.05 9.07 108.30 0.36 9.04
*1dit1d 1 26.43 . 998 100.10 BT o ¢ £ . 7.70

P value* 0.82 0.45 0.90 0.86 0.57
28”23 8 23.94 . - R | 107.20 . 033 9.70
“2af*20 4 23.02 9.78 100.13 0.38 8.59
*2af"2¢c 2 21.50 o :8.22 . 11163 036 10.99

P valyet 0.66 0.98 0.76 0.077 0.46
Abbreviations: PK, pharmacokinetics; C,.. Peak concentration; AUC, area under the curve; CL/m?2, clearance; MRT, mean rgsidence time; dFdU,

2°,2'difluorodeoxyuridine.

P value of a correlation test among *taria, “1af(*1b, “1c, or ~1d}, and (*1b, *1¢, or “14/(*1b, *1c, of *1d). Multiplicity 15 adjusted by false-discovery rate.
t P value of a Kruskal-Wailis test arnong *2af*2a, *2af>2b, and *2a/2¢.

also indicated on the label that the elimination half-life of gemcitabine
was longer in females than in males in a population pharmacokinetic
study using 45 Japanese non-small-cell lung cancer patients. The
present study did not reveal any significant sex-based difference in
clearance. However, the distribution volume was significantly smaller
in females than in males,

Human CDA is involved in the salvaging of pyrimidines,”™" and
plays a key role in detoxifying gemcitabine. Although the activities of
27Gln or 70Thr variant (the preducts of 79A>C or 208G>A) toward
cytidine and cytarabine were reported to be lower than those of the
“prototype” in a yeast expression systein,*® the decreased CDA activity
in paticnts bearing these SNPs has not been reported. Kreis et al*®
reported that the response of leukemic patients to cytarabine corre-
lated with the phenotype of CDA deamination determined based on
the ratio of plasma concentrations of a cytarabine metabolite and
cytarabine.®® They reported that 70% of subjects were slow metabo-
lizers. However, the relationship between gencetic polymorphisms and
phenotypes remained to be darified.

In our study, the haplotype *2 harboring 79C (27Gln) did not
show clear effects on the AUC and CL/m? values. In contrast, the 208A
(Thr70, *3) -dependent decreases in gemcitabine clearance and
plasma CDA activities were clearly demonstrated in this study. These
results suggest that the CDA variant loses its in vive deamination
activities toward gemcitabine considerably. Moreover, the decreased
plasma CDA activities toward gemcitabine and cytidine ex vivo also
strongly suggest that the reduced enzymatic activity was caused by the
genetic variation.

In the monotherapy group, the increased AUC in the patient with
haplotype *3 did not clearly augment the incidence of toxicities in-
cluding neutropenia. However, the incidences of grade 3 or higher
neutropenia were higher in patients heterozygous for haplotype *3
compared with in the patients without haplotype *3 when they re-
ceived concomitant chemotherapy with fluorouracil or platinum
compounds. As we reported recently, one patient homozygous for

33,34

38

haplotype *3 who reccived both gemcitabine and cisplatin suffered
from extremely severe adverse effects including grade 3 anathema.”
However, he experienced neither of the specific toxicities associated
with cisplatin, nephrotoxicity, and neurotoxicity. Abbruzzese et al*
reported the gemcitabine dose-dependent increase in incidence of
thrombocytopenia {one of seven at 525 mg/m?/wk, three of nine at
790 mg/m?/wk, and three of six at 1,000 mg/m?*/wk).* Therefore, we
concluded that extremely high exposure to gemcitabine (AUC five
times higher than the average) due to the decreased deamination
activity caused the Jife-threatening severe toxicities in this patient. In
contrast, the gemcitabine AUC of the patients with helterozygous
haplotype *3 was only slightly (23% to 48%) increased from that of the
patients having no haplotype *3 (Table 6). This finding coincides with
the lack of life-threatening severe toxicitics in the heterozygotes for *3,
although the incidences of grade 3 or higher neutropenia in the het-
crozygotes in combined chemotherapy groups were higher in the
group without haplotype *3. '

CDA isalso involved in the activation of capecitabine to itsactive
form fluorouracil.”” Therefore, capecitabine activation would be inef-
ficient in patients who are homozygous for 208A. The allele frequency
of the 208G> A SNP, a tagging SNP of haplotype *3, was reported to be
0.125 in Africans, while it was not detected in Europeans.® The fre-
quency of homozygous carriers of the variant could be higher in
Africans than in the Japanese population. However, the frequency of
208G=>>A in Africans is still controversial, because it was not detected
in 60 African Americans in a recent report.'” Extra attention may be
necessary for patients with the allele before treatments with gemcitab-
ine or cytarabine are initiated, especially to *3/*3 patients, although
more studies are necessary to confirm the clinical importance of this
allele in the treatments using gemncitabine or cytarabine.

A number of studies have investigated the associations between
cellular CDA activity and drug responses to cytarabine.™*”*’
However, corrclation between plasma CDIA activity and the
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Fig 2. Effects of haplotypes *2 and *3 on the pharmacokinetic parameters of
gemcitabine. (A} Peak concentration (C,,,,,) and (B} area under the curve (AUC}
were corrected assuming that all patients received 1,000 mg/im? of gemcitabine.
(C) Clearance (CL/m?). Each point corresponds to an individual patient. The bars
denote the median values. P values are from Dunn’s multiple companson test.
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pharmacokinetics of gemcitabine has not been reported. Plasma
CDA activity may be a useful biomarker to screen patients with a
markedly decreased metabolic CDA activity such as the patient
homozygous for the *3 allele found in our study, who showed
extremely Jow plasma CDA activity. However, a very low contri-
bution of plasma CDA to the total clearance of gemcitabine was
reported,> and the plasma CDA levels are increased in the inflam-
matory diseases.>**° These may account for the failure in obtaining
good correlations between plasma CDA activity and the pharima-
cokinetic parameters of gemcitabine, as shown in Figure 4.

In conclusion, we analyzed the CDA genetic variations and hap-
lotypes in Japanese cancer patients who received gemcitabine. We
then investigated the associations between genetic polymorphisms
and the pharmacokinetics of gemncitabine or toxicities. Depending on
the haplotype *3 harboring 208A, the metabolic clearance of gemcit-
abine decreased, and AUC and C,,, values were increased. Moreover,
plasma CDA activities correlated well with the CDA genotypes. The
clinical importance of the SNP 208G A, especially of homozygotes,
should be confirmed by prospective clinical studies because only one
homozygous *3 paticnt was found in this study.
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Teble 6. Pharmacokinetc Parameters of Gemcitabine and Plasma CDA Activities in the Patient Groups Categorized According 1o Diplotypes
Median Gemcitabine PK Parameters Med:an CDA Activity (units)
No. of Croanx AUC Ctfn? No. of
Diplotype Patients {jegfmil) thr- pugfenl} {Uhr/m?) Patients Gemcitabine Cytidine
1 148 22.81 9.96 100.30 &3 6.26 554
21 69 23.57 9.71 103.00 25 6.81 5.7
~21°2 15 22.75 .. 857 106.10 14 6.53 6.24
P vatue® 052 0.46 0.89 0.47 0.18
31 13 30.02 12.83 77.93 13 2.99 3.07
*3r3 1 46.42 52.86 18.92 1 0.74 1.40
P valyet 5.94E-04 6.66E-13 ©7.77E-04 ’ . 9.35E-05 2.45E-04
Abbreviations: CDA, cytidine deaminase; C,,,,.. peak concentration; AUC, area under the curve; CL/m?, clearance.
*P value of a correlation test among “7/*1, *1/2, and *2/*2. Multiplicity is adjusted Ly false-discovery rate.
1P value of a correlstion test among *7/*7, *1/*3, and *3/*3. Multiplicity is adjusted by false-discovery rate.
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Fig 3. Effects of haplotypes *2 and *3 on plasma cytidine deaminase {CDA)
activity toward gemcitabine and cytidine substrates. (A) Gemcitabine was used
as a substrate, and (B) cytidine was used as a substrate. Each point corresponds
t0 an individual patient. The bars denote the median values.

40

Fig 4. Conelstion between plasma area under the curve (AUCH and cytidine
deaminase (CDA) activity toward gemcitabine. AUC wes corrected assuming that all
patients received 1,000 mg/m? of gemcitabine. The inset excludss the data obtained
from a homozygous *3 carrier. The correlation coefficient is —0.31 when the
homozygous ~3 carrier is included and —0.28 when the carrier is excluded.
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Table 7. Comparison of Adverse Reaction Incidence and Pharmacokinetic Parameters of Gemcitabine Batween Two Patient Groups With and Without Haplotype '3

Incidence of Neturopenia {nadir)”

= Grade 3 2 Grade 4
No. of Tota! No. of No. of Total No. of AUCt
Chemotherapy Genotype Cases Patients Probability Cases Patients Probabitity thr-ug/ml)
Monotherapy non 3/non *3 66 167 0.40 8 67 0.05 991
non *3(°3 6 10 0.60 . 1 10 0.10 1313
P 0.205 , . : 0.514 0.0017
With fluorouracil non *3inon *3 3 12 0.25 2 12 0.17 8.11
non ‘3/°'3 2 2 1.00 1 2 0.50 11.98
P 0.029 0.327 0.055
With carboplatin non *3fnon ~3 9 EUT b . 089 | A 13 - 0.08 9.87
non *3/°3 3 oo .3 7100 3.7 067 12.48
P ST 0.163 - . © . -.0.033 0.031
With cisplatin non *3inon °3 8 28 0.29 2 28 0.07 9.53
non *3/*3 1 1 1.00 4] 1 0.00 "M.n
33 1 1 1.00 1 i 1.00 62.86
Pt 0.030 0.128 0.061

‘x7-test.
tKruskal-Wallis test.

Note. No analyses were performed i patienls who received gemcitabine with vinorelbine, because only one patient bore the hapiotype *3. Boidiacing
indicates a statistically significant difference (P < .05).

+A P value for comparison between non>3/non*3 and (non*3/*3 + *3/*3).

ek

1. Noble S, Goa KL: Gemcitabine: A review of its
pharmacology and clinica! potentiat in non-small cell
lung cancer and pancreatic cancer, Drugs 54:447-
472, 1997

2. Burns HA [fl, Moore MJ, Andersen J, et al:
Improvements in survival and clinical benefit with
gemcitabine as first-tine therapy faor patients with
advanced pancreas cancer: A randomized trial, J Clin
Oncol 15:2403-2413, 1997

3. Rauchwerger DR, Firhy PS, Hedley DW, et al:
Equilibrative-sensitive nucleoside transporter and its
role in gemcitabine sensitivity, Cancer Res 60:6075-
6079, 2000

4. Mackey JR, Mani RS, Seiner M, et al: Func-
tional nucleoside ransporters are required for gem-
citahine influx and manifestation of toxicity in cancer
cell lines. Cancer Res 58:4349-4357, 1998

5. Mackey JR, Yao SY, Smith KM, et al: Gemgit-
abing transport in Xenopus 00Cytes expressing recom-
binam plasma membrana mammalian nucleoside
transporters. J Natl Cancer Inst 91:1876-1881, 1993

6. Baidwin SA, Yao SY, Hyde RJ, et al: Func-
tional characterization of novel human and mouse
equilibtative nucleoside transporters (hRENT3 and
mENT3) located in intracellular membranes. J Biol
Chem 280:15880-15887, 2005

7. Mangravite LM, Badagnani |, Giacomini KM:
Nucleoside transporters in the disposition and tar-
geting of nucleoside analogs in the kidney. Eur
J Pharmaco! 479:269-281, 2003

8. Ritzet MW, Ng AM, Yao SY, et al: Molecular
identification and characterization of novel human
and rnouse concentrative Na-+-nucleoside cotrans-
porter proteins (WCNT3 and rmCNT3) broadly selec-
tive for purine and pyrimidine nuclgosides (system
cib). J Biol Chem 276:2914-2927, 2001

9. Plunkett W, Huang P, Gandhi V; Proclinical
characleristics of gemcitabine. Anticancer Drugs
6:57-S13, 1995 (supp! 6}

www jeo.org

10. Plunkett W, Huang P, Searcy CE, et al: Gem-
citabine: Preclinical pharmacology and mechanisms
of action. Semin Oncol 23:53-515, 1996 (supp! 10)

11. Heinernann V, Xu YZ, Chubb S, et al: Inhibition
of ribonucleotide reduction in CCRF-CEM calis by
2°,2'difluorodeoxycytiding. Mol Pharmacol 38:667-
572, 1990

12. Kiani A, Kohne CH, Franz T, et al; Pharmaco-
kinetics of gemcitabine in a patient with end-stage
renal disease: Effective clearance of its main metab-
olite by standard hemodislysis treatment. Cancer
Chemother Pharmacol 51:266-270, 2003

13. Watanabe S. Uchida T: Expression of cytidine
deaminase in human solid tumors and 1ts regulation
by 1 alpha, 2, §-dihydroxyvitamin D3. Biochiny Bio-
phys Acta 1312:99-104, 1996

14. Ho DH: Distribution of kinase and deaminase
of 1-beta-D-arabinofuranosylcytosine in tissues of
man and mouse. Cancer Res 33:2816-2820, 1973

15. Kirch HC, Schroder J. Hoppe H, et al: Recom-
binant gene products of two natural variants of the
human cytiding deaminase gene confer different
deamination rates of cytarabine in vitro. Exp Hema-
10) 26:421-425, 1988

16. Schroder JX, Kirch C, Seeber S, et al: Struc-
wral and functional analysis of the cytidine deami-
nase gene in patients with acute myeloid leukaemia.
Br J Haemato!l 103:1096-1103, 1998

1. Gilbert JA, Salavaggione OE, Ji Y, et al: Gern-
citabing pharmacogenomics: Cytidine deaminase
and deoxycytidylate deaminase gene resequencing
and functional genomics. Clin Cancer Res 12:1794-
1803, 2006

18. Yue L, Saikaws Y, Ota K, et ak: A functional
single-nucleotide polymorphism in the human cyti-
dine deaminase gene contributing to ara-C sensitiv-
ity. Pharmacogenetics 13:29-38, 2003

19. Aapro MS, Martin C, Hatty S: Gemcitabine: A
safety review. Anticancer Drugs 8:191-201, 1998

20. Gallelli L, Nardi M, Prantera T, et al: Retro-
spective analysis of adverse drug reactions induced
by gemcitabine treatment in patients with non-small
cell lung cancer. Pharmaco! Res 48:259-263, 2004

21. Bokemeyer C, Gerl A, Schoffski P, et al:
Gemcitabine in patients with relapsed or cisplatin-
refractory testicular cancer. J Clin Oncol 17:512-518,
1999

22. Locker GJ, Wenzel C, Schmidinger M, et al:
Unexpected severe myelotoxicity of gemcitabine in
pretreated breast cancer patients. Anticancer Drugs
12:209-212, 2001

23, Yonemori K, Ueno H, Okusaka T, et al: Severe
drug toxicity associated with a single-nucleotide
polymorphism of the cytidine deaminase gene in a
Japanese cancer patient treated with gemcitabine
plus cisplatin. Clin Cancer Res 11:2620-2624, 2005

24. Colly LP, Peters WG, Richel D, et sl Deoxy-
cytidine kinase and deoxycytiding deaminase values
correspond closely to clinical response to cytosine
arabinoside remission induction therapy in patients
with acute myelogenous leukemis. Semin Oncol
14:8257-5261, 1987 (suppl 1)

25. Stevart CD, Burke PJ: Cytidine deaminase
an(i the developmen: of resistance o arabinosyl
cytosing, Nat New Biot 233:109-110, 1971

26. Tattersalt MH, Ganeshagury K, Hofforand AV:
Mechanisms of resistance of human acute leukae-
mia cefls to cytosine arabinoside. Br J Haematol
27:39-46, 1974

21, Chiba P, Tihan T, Szekeres T, et al: Concor-
dant changes of pyrimidine metabolism in blasts of
1wo cases of acute myeloid leukemia after repoated
treatment with ara-C in vivo. Leukemia 4:761-765,
1980

28. Nakamura T, Saito Y, Murayama N, et af:
Apparent low frequency of sequence veriability
within the proximal promoter region of the cyto-
chrome PAB0ICYFI3AS gene in established cel! fines
from Japanese individuals. Biol Pharm Bull 24:954-
957, 2001

29. Kitamura Y, Moriguchi M, Kaneko H, er al:
Determination of probability distribution of diplotype
configuration (diplotype distribution) for each sub-
ject frorn genotypic date using the EM algorithm.
Ann Huim Genet £6:183-193, 2002

]

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
Copyright © 2007 by the American Society of Clinical Oncology. All rights reserved.

961



30. Richards DA, Sherwood RA, Ndebele D, et
al: Determination of plasma cytidine deaminase
actwvity by HPLC. Biomed Chromatoyr 2:148-151,
1987

31. Benjamini Y. Hochberg Y: Controlling the false
discovery rate: A practicai and powerful approach to
multiple testing. J A Statist Soc Ser 8 57:289-300,
1995

32. Bhargava P, Marshall JL., Fried K, et al: Phase
| and pharmacokinetic study of two sequences of
gemcitabing and docetaxel administered weekly 1
patients with advanced cancer. Cancer Chemother
Pharmacol 48:95-103, 2001

33. Johansson E, Mejlhege N, Neuhard J, et al:
Crystal structure of the tetrameric cytidine dearm:-
nase from Bacillus subthis at 2.0: A resolution,
Biochersiry 41:2563-2570, 2002

Sugiyama et al

34. Costanzi S, Vincenzetti S, Vita A, et al: Human
cytidine deaminase: Understanding the catalytic
mechanism, Nucleosides Nucleotides Nucleic Acids
22:1539-1543, 2003

35. Kreis W, Lesser M, Budman DR, et ai: Phe-
notypic analysis of 1-B-D-arabinofuranosylcytosine
dearnination in patients treated with high doses ancd
correlation with response. Cancer Chemother Phar-
macol 30:126-130, 1992

36. Abbruzzese JL, Grunewald R, Weeks EA, et
ai: A phase | clinical, plasma, and cellular pharmacol-
ogy study of gemcitabine. J Clin Oncot 9:491-498,
1981

37. Nishida M: Phsrmacological and clinical prop-
eriies of Xeloda {capecitabine), a new oral active
derivative of fluoropyrimiding {Japanesol. Nippon
Yakurigaku Zasshi 122:549-553, 2003

38, Fukunags AK, Marsh S, Murry DJ, et al:
Identification and analysis of single nucleotide poly-
morphisms in the gemcitabine pharmacologic path-
way. Pharmacogenomics J 4:307-314, 2004

39, Johns-Streubel G, Reuter C, Auf der Land-
wehr U, et al: Activity of thymidine kinase and of
polymerase alpha as well as activity and gene ex-
pression of deoxycytidine dearninase in leukemic
blasts are correlated with clinical response in the
setling of granulocyte-macrophage colony-stimulating
factor-based priming before and during TAD-Q induc-
tion therapy in acute myeloid levkermia. Blood S0
1868-1976, 1997

40. Sherwood RA: The measurement of nucleo-
sile deaminases by high performance hguid chro-
matography and thew use in clinical chemistry,
Biorned Chromatogr 5:235-239, 1991

Acknowledgment

We thank Emiko Jimbo, Miho Akimoto, Atsuko Watanabe, Tomoko Chujo, Makiyo Iwamoto, and Mamike Shimada for assistance in sample
collection and management, and Chie Sudo for secretarial assistance.

42

JOURNAL OF CLANICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
Copyright © 2007 by the American Society of Clinical Oncology. All rights reserved.

962



Jpn J Clin Oncol 2007:37(3)175-180
doi: 10.1093/jjco/hym008

Phase | Study of Cisplatin Analogue Nedaplatin, Paclitaxel, and
Thoracic Radiotherapy for Unresectable Stage Il Non-Small Cell

Lung Cancer

Ikuo Sekine!, Minako

Sumi?, Yoshinori ito?, Terufumi Kato?, Yasuhito Fujisaka', Hiroshi Nokihara?,

Noboru Yamamoto!, Hideo Kunitoh?, Yuichiro Ohe' and Tomohide Tamura®

*Divisions of Internal Medicine and Thoracic Oncology and 2Radiation Oncology, National Cancer Center Hospital,

Tokyo, Japan

Received September 6, 2008; accepted November 1, 2008; published online April 23, 2007

Background: The standard treatment of unresectable stage Hl non-small cell lung cancer is
concurrent chemoradiotherapy in patients in good general condition, but where the optimal
chemotherapeutic regimen has not been determined.

Methods: Patients with unresectable stage Iil non-small celf lung cancer received nedaplatin
(80 mg/m?) and pactitaxel on day 1 every 4 weeks for 3—4 cycles and concurrent thoracic
radiotherapy (60 Gy/30 fractions for 6 weeks) starting on day 1. The dose of paclitaxel was
escalated from 120 mg/m? in level 1, 135 mg/m? in level 2 to 150 mg/m? in level 3.

Results: A total of 18 patients (14 males and 4 females, with a median age of 62.5 years)
were evaluated in this study. Full cycles of chemotherapy were administered in 83% of
patients in level 1, and in 50% of patients in levels 2 and 3. No more than 50% of patients
developed grade 4 neutropenia. Transient grade 3 esophagitis and infection were noted in
one patient, and unacceptable pneumonitis was noted in three (17%) patients, two of whom
died of the toxicity. Dose-limiting toxicity (DLT), evaluated in 15 patients, noted in one of the
six patients in level 1, three of the six patients in leve! 2 and one of the three patients in level
3. One DLT at ievel 2 developed later as radiation pneumonitis. Thus, the maximum tolerated
dose was determined to be level 1. The overall response rate (95% confidence interval) was
67% (41-87%) with 12 partial responses.

Conclusion: The doses of paclitaxel and nedapiatin could not be escalated as a result of
severe pulmonary toxicity. ‘

Key words: non-small cell lung cancer — chemoradiotherapy — paclitaxel — nedaplatin —
pneumonitis

INTRODUCTION

Chemotherapy regimens used concurrently with thoracic

Locally advanced unresectable non-small cell lung cancer
(NSCLC), stage IITA disease with bulky N2 and stage I{IB
disease without pleural effusion, is characterized by large
primary lesions, and/or involvement of the mediastinal or
supraclavicular lymph nodes, and occult systemic microme-
tastases (1). Concurrent chemoradiotherapy, recently shown
to be superior to the sequential approach in phase 11 trials,
is the standard medical care for this disease (2-—4).

For reprints and all correspondence: lkuo Sckine, Division of Intemal
Medicine and Thoracic Oncology, National Cancer Center Hospital, Tsukiji
5-1-1, Chuo-ku, Tokyo 104-0045, Japan. E-mail: isckine@nce.go jp
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radiotherapy in these randomized trials were second-
generation platinum-based chemotherapy, such as combi-
nations of cisplatin, vindesine and mitomycin, cisplatin and
vinblastine, and cisplatin and etoposide. The third-generation
cytotoxic agents including vinorelbine and paclitaxel, which
provided a better survival rate in patients with disseminated
disease than second-genecration agents, must be reduced
when administered concurrently with thoracic radiotherapy
(5=7). Thus, the optimal chemotherapy for concurrent
chemoradiotherapy has not been established.

Nedaplatin (cis-diammine-glycolate-0,0Q'-platinum 11,
254-8S) is a second-generation platinum derivative that has an
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antitumor activity comparable to that of cisplatin but is less
toxic to the kidney as shown in preclinical experiments (8).
Nedaplatin produced a promising response rate for NSCLC,
especially for squamous cell lung cancer (9,10). In addition,
this drug can be safely administered with full-dose thoracic
radiation, as shown in patients with esophageal cancer (11).
Paclitaxel is another promising drug for the treatment of
stage 1II NSCLC, as shown by the favorable response rate
and survival in phase II trials in combination with platinum
and thoracic radiation (6.7).

Our previous study of the nedaplatin and paclitaxel combi-
nation in patients with systemic disease showed that the
recommended dose of these drugs was 80 mg/m? and
180 mg/m?, respectively, repeated every 3—4 weeks. A
promising response rate of 55% was achieved in patients
with squamous cell lung cancer (12). The abjectives of the
present study were primarily to evaluate the toxicity of neda-
platin, paclitaxel and concurrent thoracic radiotherapy and
determine the recommended dose of these two drugs for a
phase 1 trial, and secondarily to observe the antitumor effect
of this regimen in patients with stage TII NSCLC.

PATIENTS AND METHODS
PATIENT SELECTION

The eligibility criteria were: histologically or cytologically
proven NSCLC; unresectable stage IIIA or IIIB disease
indicated for curative radiotherapy; no previous treatment;
measurable disease; the percentage of the normal lung
volume receiving 20 Gy or more (V) (13) expected to be
30% or less; age between 20 years and 74 years; Eastern
Cooperative Oncology Group (ECOG) performance status
(14) 0 or 1; adequate bone marrow function (12.0 x 10°L >
white blood cell (WBC) count > 4.0 x 10°/L, neutrophil
count > 2.0 x 10%/L, hemoglobin > 10.0 g/dL and platelet
count > 100 x 10%/L), liver function (total bilirubin <
1.5 mg/dL and transaminase < twice the upper limit of the
normal value), and renal function (serum creatinine <
.5 mg/dL and creatinine clearance > 60 mL/min); and a
Pa0, of 70 torr or more. Patients were excluded if they had
malignant pleural or pericardial effusion, active double
cancer, a concomitant serious illness, such as uncontrolled
angina pectoris, myocardial infarction in the previous 3
months, heart failure, uncontrolled diabetes mellitus, uncon-
trolled hypertension, interstitial pneumonitis or lung fibrosis
identified by a chest X-ray, chronic obstructive lung disease,
infection or other diseases contraindicating chemotherapy or
radiotherapy, pregnancy, or breast-feeding. All patients gave
their written informed consent.

PRETREATMENT EVALUATION

The pretreatment assessment included a complete blood cell
count and differential count, routine chemistry determi-
nations, creatinine clearance, blood gas analysis,

electrocardiogram, Jung function testing, chest X-rays, chest
computed tomographic (CT) scan, brain CT scan or magnetic
resonance imaging, abdominal CT scan, and radionuclide
bone scan.

TREATMENT SCHEDULE

Paclitaxel and nedaplatin were administered as previously
described (12). Briefly, paclitaxel diluted in 500 ml of 5%
glucose was administered as a 3-h intravenous infusion with
premedication consisting of dexamethasoune, ranitidine and
diphenhydramine. Nedaplatin diluted in 250 m! of normal
saline was administered in a 1-h intravenous infusion. This
treatment was repeated every 4 weeks for 3—4 cycles. The
dose of paclitaxel was escalated as follows: 120 mg/m?
(level 1), 135 mg/m* (levet 2), and 150 mg/m? (level 2). The
dose of nedaplatin was 80 mg/m? through the levels [ 3.

Thoracic radiation therapy was given with photon beams
from a liniac or microtron accelerator with energy between
6 and 10 MV. The total dose of 60 Gy was delivered at a
single dose of 2 Gy once daily Monday through Friday for
6 weeks without interruption beginning on day | of the
chemotherapy. Three-dimensional conformal radiotherapy
technique was used in all patients. The gross target volume
(GTV) included the primary lesion (GTV1) and involved
lymph nodes whose short diameter was | cm or larger
(GTV?2) based on conventional chest X-ray and CT scans.
The clinical target volume (CTV) consisted of CTV1 and
CTV?2, identical to GTV1 and GTV2, respectively, and
CTV3, the ipsilateral hilum and bilateral mediastinum area.
The contralateral hilum was excluded from the CTV. The
supraclavicular fossa was also excluded unless it was
involved. The planning target volume (PTV) for the initial
dose up to 40 Gy consisted of CTV1-3 with the superior and
inferior field margins extended to 1—2 cm and the lateral
field margins extended to 0.5 cm for respiratory variation
and fixation error. The PTV for the boost 20 Gy included
onty CTV1-2 based on the second CT scans with the same
margins. The spinal cord dose was limited to 44 Gy by using
oblique parallel opposed fields.

ToXICITY ASSESSMENT AND TREATMENT MODIFICATION

Complete blood cell counts and differential counts, routine
chemistry determinations and a chest X-ray were performed
once a week during the course of treatment. Toxicity was
graded according to the NCI Common Toxicity Criteria
version 2.0. Subsequent cycles of chemotherapy were
delayed if any of the following toxicities was noted on
day I: WBC count <3.0 x 10%/L, neutrophil count <1.5 x
10%L, platelet count <100 x 10°/L, serum creatinine level
>1.6 mg/dL, infection > grade 2, elevated hepatic transam-
inase level or total serum bilirubin > grade 2,
pneumonitis > grade 2, peripheral neuropathy, musculoskele-
tal pain > grade 3, fever > 38°C, or performance status > 2.
Chemotherapy was terminated if the toxicities did not
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recover within 2 weeks. The doses of nedaplatin and pacli-
taxel were reduced by 25% in all subsequent cycles if any of
the dose-limiting toxicities (DLTs) defined below were
noted. The dosc of nedaplatin was reduced by 25% in ail
subsequent cycles if the serum creatinine level was elevated
to 2.0 mg/d! or higher. Thoracic radiotherapy was suspended
if any of the following toxicities was noted: fever > 38C,
infection > grade 2, esophagitis of grade 3, performance
status > 3, or radiation pneumonitis was suspected. Thoracic
radiotherapy was terminated if radiation pneumonitis that
required corticosteroid administration was noted, or radio-
therapy was not completed within 60 days. Both chemother-
apy and thoracic radiotherapy were terminated if any of the
following was noted: discase progression, any of the grade 4
non-hematological toxicities except abnormal electrolytes,
performance status of 4, patient refusat to receive subsequent
treatment, protocol violation, or patient death of any cause.
Granulocyte colony-stimulating factor and antibiotics were
administered if febrile neutropenia was noted.

DLT, MaximuM ToLERATED Dost (MTD), AND RECOMMENDED
Dose For PHask IT TriaLs

The DLT was defined as a grade 4 leukopenia, grade 4
neutropenia lasting 7 days or longer, febrile neutropenia,
platelet count <20 x 10%L, grade 3 or a more severe
non-hematological toxicity other than nausea, vomiting and
transient electrolyte abnormality, and treatment termination
before two cycles of chemotherapy and thoracic radiotherapy
were completed. Dose levels were escalated according to the
frequency of DLT evaluated during the first and second
cycles of chemotherapy and thoracic radiation. Six patients
were inilially enrolled at each dose level. If none to two of
the six patients experienced DLT, the next cobort of patients
was treated at the next higher dose level. If three or more of
the six patients experienced DLT, that {evel was considered
to be the MTD. The recommended dose for phase 11 trials
was defined as the dose preceding the MTD.

RESPONSE EVALUATION

Objective tumor response was evaluated accerding to the
Response Evaluation Criteria in Solid Tumors (RECIST) (15).

Stuoy DEesioN, DATA MANAGEMENT AND STATISTICAL ANALYSES

This study was designed as a phase I study at the National
Cancer Center Hospital. The protocol and consent form were
approved by the Institutional Review Board of the National
Cancer Center. Registration was conducted at the Registration
Center. Data management, periodic monitoring, and the final
analysis were performed by the Study Coordinator. A patient
accrual period of 2 years and a follow-up period of 3 years
were planned. Overall survival time and progression-free survi-
val time were estimated by the Kaplan—Meier method (16).
Overall survival time was measured from the date of
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registration to the date of death from any cause or last
follow-up. Progression-free survival time was measured from
the date of registration to the date of disease progression or
death from any cause or last follow-up. Patients who were lost
to follow-up without event were censored at the date of their
most known follow-up. A confidence interval for the response
rate was calculated using methods for exact binomial confi-
dence intervals. Response rates among patients with squamous
cell carcinoma and those with non-squamous carcinoma were
assessed with the x? test. The Dr. SPSS 11 11.0 for Windows
software package (SPSS Japan Inc., Tokyo, Japan) was used
for statistical analyses.

RESULTS
REGISTRATION AND CHARACTERISTICS OF THE PATIENTS

From October 2003 to July 2004, six patients were registered
at dose level 1, eight patients at dose level 2 and five patients
at dose level 3. Two patients at dose level 2 were excluded
from the DLT evaluation, because they discontinued receiv-
ing the treatment early becausc of disease progression and
anaphylactic shock, respectively. Initially, DLT was noted in
only two of the six patients at dose level 2, and therefore,
patient registration at dose level 3 was started. However,
severe radiation pneumonitis developed 5 weeks after the
end of radiotherapy in another patient at dose level 2 and
this pneumonitis was counted as DLT. Thus, because DLT
was finally noted in three of the six patients at dose level 2,
patient registration at dose level 3 was stopped. One patient
at dose level 3 was found to be ineligible because the radi-
ation freatment planning showed that the V4 exceeded 30%.
The patient did not receive the current treatment and was
excluded from the analysis. Thus, a total of [8 patients were
subjects of this study and their detailed demographic charac-
teristics are listed in Table 1.

TREATMENT DELIVERY

The planned three to four cycles of chemotherapy were
administered in 83% of patients in level 1 and in 50% of
patients in levels 2 and 3. Radiation delivery was generally
well maintained and it did not differ among the three dose
levels (Table 2).

Toxiciry, DLT ano MTD

Hematological toxicily was generally mild. No more than
50% of patients developed grade 4 neutropenia. and no one
developed grade 2 or higher thrombocytopenia (Table 3).
Non-hematological toxicity other than lung toxicity was also
well tolerated. One patient developed transient grade 3
esophagitis and grade 3 infection not associated with neutro-
penia, which were considered DLTs. Another patient devel-
oped grade 4 anaphylactic shock I min after the second
cycle infusion of paclitaxel, but soon recovered with fluid
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Table 1. Patient characteristics

1

Table 3. Toxicity in ail patients

n (%)

Number of patienis 18
Gender

male 14 {78)

female 4 (22)
Age

median (range), years 62.5 (46-69)
PS

0 1t (61)

1 7 (39)
Body weight loss

< 5% 15 (83)

5~9% 2 (11)

> 10% t ()
Clinical stage

A 10 (56)

s 8 44)
Histology

adenocarcinoma ‘ 8 (44)

squamous cell carcinoma 6 [€X}

non-simail cell, not specified 4 22)

PS, performance status.

replacement and oxygen therapy. This patient was excluded
from DLT evaluation. One patient in level 1 and another
patient in level 2 developed grade 4 pneumonitis after
completion of two cycles of chemotherapy and thoracic

Table 2. Treatment delivery

Dose level Level | Level 2 Levet 3
(n=206) (1= 8) (n=4)

Number of chemotherapy cycles

3-4 5 4 2

2 1 3 1

1 0 I |
Total radiation dose (Gy)

60 7 3

5059 1 0

NE 0 1
Radiotherapy delay (days}

0-4 S 2

5-9 1 0 !

NE 0 i 1

NE, not evaluable.
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Level 2
(n=28)

Levet |
(n=06)

Dose level Level 3

(n=4)

2

Toxicity grade

Leukopenia

Neutropenia

(=2~ ¥

Anemia
GPT elevation

Total bilirubin
elevation

o O O & W] W
NN W
DO O W Wwlw
S b D -
©C © O N V| W
o o o W

—

Infection

Allergic reaction

NN

Anorexia

Nausea

(==
(=R =T~ -1

Constipation
Esophagitis

Pneumonitis

NN

O O O o o o ©

[~ ~ I~ I - I -~ A~ I ~ A -]
o

Do 0O O o 0o o o

(=TT I~ D2~ B =

Musculoskeletal
pain

Alopecia

GPT. glutamic pyruvic transaminasc.
*Pneumonitis was fatal in these patients.

radiotherapy and they died of the pneumonitis. The V9 and
mean lung dose (MLD) of these patients were 23% and
30%, and 1341 cGy and 1675 cGy, respectively.

Both patients were former heavy smokers with a smoking
index of 520 and 1680, respectively. The chest CT scan of
the former patient disclosed mild emphysematous, but no
interstitial changes. A spirometry analysis showed a vital
capacity (VC) of 3480 mi (104% of predicted). and a forced
expiratory volume one second percent (FEV1.0%) of 82%.
The lung diffusing capacity measurement using carbon mon-
oxide (DLco) was not done in this patient. The PaO,
was 93.3 torr. The serum LDH level before treatinent was
241 TU/I (the upper limit of the normal value was 229 1U/I).
The chest CT scan of the latter patient disclosed slight
changes in the dorsal portion of the both lungs, which were
considered the gravitation effect, or fibrotic changes. The VC
was 3810 ml (107% of predicted), % DL¢o was 111%, and
Pa0, was 99.7 torr. The serum LDH level before treatment
was 147 TU/L. Another patient in level 2, whose V;p and
MLD were 15% and 822 cGy, respectively, developed grade
2 pneumonitis when he received 52 Gy of radiotherapy and
the subsequent protocol treatment was stopped. The chest CT
scan of this patient before treatment showed no abnormal
findings except for lung cancer. Pulmonary function test
values were all within normal limits. The serum LDH level
before treatment was 178 1U/L. Thus, in total three (17%) of
I8 patients developed unacceptable severe pneumonitis
induced by the current treatrent. which was counted as DLT.



To sum up, DLT was noted in one of six patients in level
1, three of six patients in level 2, and one of three patients in
level 3. The DLTs were pneumonitis in three patients, grade
4 leukopenia in one patient, and grade 3 esophagitis and
grade 3 infection in one patient. Thus, the MTD was deter-
mined to be level L.

OBJECTIVE RESPONSE AND SURVIVAL

All patients were included in the analyses of tumor response
and survival. No CR, 12 PRs, and 3 SD were noted among
the 18 patients and the overall response rate (95% confidence
interval) was 67% (41—87%). The response rate in patients
having squamous cell carcinoma was 100%, while that for
non-squamous histology was 58%. The median progression-
free survival time was 9.7 months. The median overall survi-
val time has not yet been reached and the 1-year survival
rate was 78%.

DISCUSSION

The feasible doses of anticancer agents in this study were
paclitaxel 120 mg/m® and nedaplatin 80 mg/m? every 4
weeks. These figures are lower than those in a randomized
phase II trial for stage I11 NSCLC conducted in the USA,
where paclitaxe] 135 mg/m® and cisplatin 80 mg/m° were
administered every 3 weeks concurrently with thoracic
radiotherapy (6). The occurrence of severe pneumonitis
hampered the dose escalation of the anticancer agents in
this study. A Japanese phase I/II study of weekly pacli-
taxel, nedaplatin and concurrent thoracic radiotherapy for
stage 11T NSCLC showed that the DLT was also pneumoni-
tis and that the response rate was 75% and progression-free
survival was 5.6 months, similar to the outcome of this
study (17). The rcasons for the frequent pneumonitis in
this study remain unknown. Paclitaxel was the most fre-
quently used anticancer agent together with thoracic radio-
therapy in patients with NSCLC outside Japan. A
randomized phase II study of induction chemotherapy fol-
fowed by concurrent chemoradiation therapy in patients
with stage IIl NSCLC (CALGB study 9431) showed that
grade 3—4 pneumonitis during chemoradiation was noted
in 14% of patients treated with gemcitabine and cisplatin,
20% of patients treated with paclitaxel and cisplatin, and
20% of patients treated with vinorelbine and cisplatin. One
patient died of pneumonitis in the vinorelbine and cisplatin
arm (6). Thus, incidence of pneumonitis in patients receiv-
ing paclitaxel was reported to be the same as that for
other agents in this selting. Nedaplatin was a new agent
but one of the platinum that has been repeatedly shown to
be safely administered with radiation (1). A case series of
24 esophageal cancer patients treated with radiation
therapy (60—70 Gy) combined with Nedaplatin (80—
120 mg) and S-fluorouracil (500-1000 mg for § days)
showed that toxicity was mainly hematological and no
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grade 3 or higher non-hematological toxicity was observed
(18). Treatment-related pneumonitis may be more readily
developed  among  Japanese patients, because
gefilinib-induced pneumonitis is more common in Japan
than in other countries (19—21). Similarly, a relatively
high incidence of drug-induced pneumonitis was noted
among Japanese patients in association with the use of
weekly docetaxel (20) and leflunomide, a newly developed
disecase-modifying antirheumatic drug that exhibits anti-
inflammatory, antiproliferative and immunosuppressive
effects (22). Further studies are needed to definc ethnic or
geographic variation of treatment-related pneumonitis.

Recent dose—volume histogram studies showed that the
volume—dose parameters such as the V20 and MLD were
significantly associated with development of severe radiation
pneumonitis (23). The Vo and MLD in the three patients
who developed unacceptable pneumonitis in this study
(15-30% and 822-1675 cGy, respectively) were not
so large, and therefore, the severe pneumonitis in these
patients could not be fully explained by their irradiation
volume alone. Patient characteristics such as age, sex,
smoking habit, location of the primary tumor and pre-
existing lung diseases may be associated with the develop-
ment of radiation pneumonitis, but their contribution was
inconclusive (24).

Radiation pneumonitis is the most common dose-limiting
complication of thoracic radiation. Its incidence varies
greatly from one report to another: the incidence of grade 2
radiation pneumonitis was between 2% and 33% and that of
grade 3 was between 0% and 20% (25). This inconsistency
among reports can be explained by the different radiation
pneumonitis scoring system and follow-up duration in each
study. No scoring system for radiation pneumonitis is
perfect. The distinction between grade 2 and grade 3 toxicity
is highly subjective. In addition, these scoring systems do
not account for intercurrent symptoms from tumor, infection
and chronic lung ilinesses such as chronic obstructive
pulmonary diseases (25).

For future trials, it is an important strategy to reduce the
lung volume receiving radiation without an increase in the
local recurrence rate. Elective nodal regions with potential
subclinical micrometastases (CTV3 in this study) have been
included in the standard irradiation volume. The advent of
three-dimensional conformal treatment techniques, however,
has allowed for a more precise definition of target volurme
and may allow the possibility of reduced toxicity and
increased radiation dose delivery by the omission of elective
nodal irradiation (26). We are conducting a phase I study of
high-dose thoracic three-dimensional conformal radiotherapy
without elective nodal irradiation concurrently combined
with cisplatin and vinorelbine in patients with inoperable
stage 11T non-smali cell lung cancer.

In conclusion, the doses of paclitaxel and nedaplatin
combined with thoracic radiotherapy could not be escalated
owing to severe pulmonary toxicity. We do not recommend
a phase II study of this chemoradiotherapy regimen.
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Phase I Study of Combination Therapy with S-1 and
Weekly Docetaxel for Advanced Gastric Cancer
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Abstract. Background: The primary objective of this study
was Lo determine the maximum tolerated dose (MTD), the
taxicity profile and the recommended dose (RD) for phase IT
of a combination of S-1 and weekly administration of
docetaxel. Patients and Methods: Patients with histologically
diagnosed recurrent or unresectable locally advanced gastric
cancer were enrolled. A fixed oral dose of 80 mgim?® $-1 was
given for 3 weeks. Docetaxel was infused intravenously on day
1, 8 and 15, repeated every 5 weeks. A pharmacokinetic study
was also performed. Results: A total of 14 patients were
enrolled. One dose-limiting toxicity (DLT} (grade 3 diarrhea
with febrile neutropenia} occurred at level 2. DLTs occurred
in 3/5 patients at level 3, (grade 3 stomatitis, with febrile
newtropenia or continuous grade 4 neutropenia). The
pharmacokinetic study suggested ne drug interactions. Qverall
response and disease control rates were 20% and 809,
respectively. The response rate at the RD (level 2) was 50%.
Qverall survival was 9.4 months. Conclusion: RD was level 2
(80 mg/m? of $-1 for 3 weeks and 20 mglm? of docetaxel on
day 1, § and 15, every 5 weeks). Dose intensities of S-1 and
docetaxel were 48 mg/m?week and 12 mgimilweek,
respectively. This regimen showed promising activity for
advanced gastric cancer.

The incidence and mortality of gastric cancer has been
declining, however, it remains one of the most common
causes of cancer-related death (1). It is often diagnosed in
advanced stage or recurrent disease, both of which are
incurable, and carriecs a dismal prognosis with a short
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Tsukiji 5-1-1, Chuo-ku, Tokyo 104-0045, lapar. Tcl: +8) 3
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Key Words: Gastric cancer, phase I study, S-1, docctaxel, weekly
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median survival. The one year survival rate is approximately
50% in stage 111 gastric cancer patients, and 25% in stage
IV, Although gastric cancer has heen regarded as a resistant
tumor, several clinical trials have revealed that some
chemotherapeutic agents arc effective. 5-Fluorouracil (5-
FU)-containing regimens are considered as standard
chemotherapy because they provide survival benefit and
improvement in quality of lifc compared with best
supportive care (2-4). Hence in the 1980’s, many
combinations of drugs, S-FU/doxorubicin/mitomycin (FAM)
(5), 5-FU/doxorubicin/methotrexate  (FAMTX)  (6),
ctoposide/doxorubicin/cisplatin  (EAP) (7), epirubicin/
cisplatin/5-FU (ECF) (8), 5-FU/doxorubicin/cisplatin (FAP)
(9) and 5-FUfcisplatin (FP) (10, 11} were reported in the
treatment of gastric cancer. Although response rates were
improved by 40-70%, the survival advantage over single
agent 5-FU alone was not significant and severe adverse
effects were obscrved (12). To improve efficacy of
chemotherapy against gastric cancer, development of novel
agents and combinations which have higher antitumor
activity with favorable safety profiles is crucial.

S-1, a fourth-generation oral fluoropyrimidine, is a
formulation of tegafur (FT), 5-chloro-2,4-dihydroxypyridine
(CDHP) and potassium oxonate (Oxo0) at a molar ratio of
1:0.4:1 (13). FT is the prodrug for cytotoxic fluorouracil
(FU) and CDHP prevents its degradation. CDHP is a
potent and competitive inhibitor of dihydropyrimidine
dehydrogenase, which reduces the degradation of FU and
allows efficacious concentrations to entcr the anabolic
pathway. The diarrheagenic property of FU is a result of its
phosphorylation in the intestine, primarily by orotate
phosploribosyltransferase (OPRT). Oxo is a competitive
inhibitor for OPRT. Thus, the protective effect of Oxo is
due Lo its ability to reduce phosphorylation of FU, Thus,
one component of S-1, CDHP, reduces the degradation of
cytotoxic FU, and another component, Oxo, potentially
reduces its GI toxicity. Phase II studies of S-1 monotherapy
in patients with advanced gastric cancer showed an overall
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response rate aof 26-49% with the most relevant side-cffects
being fatigue, diarrhea and ncutropenia (14-16). Recently,
phase II studies of S-1 plus cisplatin (17), or S-1 plus
irinotecan (18) have been evaluated and showed promising
response ratces.

Docetaxcl is a semisynthetic taxoid which enhances
microtubule asscmbly and inhibils the depolymerization of
tubulin (19); it has broad antitumor activity against
malignancies. It demonstrated promising single-agent
cfficacy in gastric cancer (20-23) and was therefore
investigated in  different combination regimens. The
combinations of docetaxel with 5-FU (24), capecitabine (25,
26), irinotecan (27) and cisplatin (28) have demonstrated
high efficacy. The triplet combination of docetaxel/cisplatin
and S5-FU has significantly prolonged overall survival
compared to cisplatin ptus 5-FU (29). Thus, docetaxel is one
of the key drugs playing an integral part in routine
combination regimens against gastric cancer.

Bascd on the clinical activity of both docetaxel and S-1,
aand the fact that there is no cross resistance or syncrgistic
anti-tumor effect between docetaxel and 5-FU (30) or S-1
(31, 32) in vitro or in vivo, two Japanese investigators
combined docetaxel and S-1 in a clinical trial (33-35). The
recommended dose of docetaxel was 40 mg/m? on day 1, in
combinration with S-1 80 mg/m2 on days 1-14, every 3-4
wecks. The tolal dose of docetaxel was restricted by
ncutropenia, with around 70% of patients having grade 3 or
4 ncutropenia (33). The real dose intensities of S-1 and
docetaxcl were around 40 mg/m%week and 10 mg/mZpweck,
respectively. A weekly administration schedule of docetaxel
has been reported as a safe and effective treatment for
advanced gastric cancer (26, 36, 37). The aims of the present
study were to determine the maximum-tolerated dose
{MTD) of docetaxel with weckly administration io
combination with S-1 in order to achieve higher dose
intensitics of both drugs with a feasible toxicity profilc and
to establish the recommended dose (RD) for Phase 1T trials,

Patients and Methods

Eligitility criteria. Palients, aged 20 to 75 years, with at least onc
measurable lesion of pathologically proven inopcrable or recurrent
gastric cancer were enrolled. Inoperability was determined on the
basis of clinical evaluation, radiological imaging, laparoscopy oy
laparotomy with failed rescction. Patients who had no more than
two previous lreatment regimens not including taxanes (docetaxel
or paclitaxel) or $-1 were eligible.

Other eligibility criteria werc: Eastern Cooperative Oncology
Group performance status 0 or 1; estimated life expectancy of at
least 3 months; adequate renal function {serum crcatinine <1.5x
upper limit of the reference range (ULN)), adequate hepatic
function (scrum bilirubin <1.5x ULN; transaminases <2.5x ULN)
and adequate hematological function (hemoglobin >8§ g/il,
tcukocytes >4,000/ul. and thrombocytes > 100,000/uL). No other
anti-tumor therapy was allowed 28 days prior (0 treatment.
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Tablc L. Paiient characieristics.

Characteristics Number of paticots

Nuniber of paticnts (evaluablc) 14
Age, years, median (range) 61 (31-76)
Gender

Male il

Female 3
Performance status (ECQG)

0 2

{ 12
Histology

MNol assessable 2

Well-differentiated 0

Modcratcly differentiated 3

Poorly differentiated 9
Extent of discase

Primary sitc only 2
Primary and metas(atic sites 9

Metastasis only 3
Previous treatment

None 7

Surgery alone 2

Surgery and adjuvant chemotherapy 2

Surgery and intra-peritoneal chemotherapy i

Systemic chemotherapy alone 1

Intra-peritoneal chemotherapy alonc i

Eligibility also included the ability to reliably tolerate and comply
with oral medication. Paticnt compliance was recorded using
chemotherapy diary cards. Pre-treatment evaluation included a
complete medical history and physical cxamination, basic
laboratory cvaluation and staging of the underlying malighancy
with either ultrasound, chest radiograph or computed tomography
(CT) scan.

Main exclusion criteria wetce follows: pregnancy or breast
feeding, symptomatic infectious disease, pulmonary fibrosis or
interstitial pncumonia, grade 3 or severe hemorrhage/bleeding,
grade 2 or scvere peripheral neuropathy, symptomatic peripheral
cffusion or ascites, past history or ailcrgic rcaction to polysorbate

" 80, obstructive bowel diseasc or scvere diarrhea, congestive heart

failurc, uncontrotled angina pcctoris, or arrhythmia, uncontrolled
diabetes or hyperteasion, symptomatic brain metastasis and aclive
concomitant malignancy.

Patient characteristics are given in Table 1. This was a phasc I
study, conducted at the Department of Mcdical Oncology, Kinki
Universily, Japan. This study was approved by the institutional
review board of Kinki University and all paticnts provided wrilten
informed consent.

Drug administration. Patients received a dose of intravenous docetaxcl
administered as a2 60 min infusion on day 1, 8 and 15, and oral S-1
administered at a fixed dose of 80 mg/m2/day on days 1-21, every 5
weeks (Figure {). Patients were treated for at feast two cycles unless
diseasc progression or unacceptable toxicity was observed. The initial
starting dose of docctaxel was 15 mg/m? (level 1) (Table ). Dose
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Docetaxel ﬂ

4

g

S-1

Day 1 Day 8

Day 15

Day 22 Day 29 Day 35

Figure L. Treatnent schedule of combination therapy with S-1 and doceiaxel, Administration of 5-1 80 mghniday orally from day 1-21. Administration
of docetaxe! was givea by drip infusion within 60 min. on day 1, 8 and 15. At all dose levels, the administration cycle was repeated every § weeks.

cscalation was conducted in increments of § mg/mZ up to 25 mg/m?2
(fevel 3). No intra-individual dosc escalation was performed. Docetaxel
was only administered on day 8 and 15 if WBC and platelets were
>2,000/1d and >75,000/ul, respectively, with non-hematological toxicity
<grade 3 and allergic rcaction/ AST/ALT/pneumonitis <grade 2. In
casc of grade 3 neutropenia or thrombocytopenia, or grade 2 diarrhea
or mucositis, S-1 administration was interrupted until recovery. Patients
were not allowed to escalate or reduce the dose of S-1. If any DLTs
were observed, docctaxel was reduced once by one dose {evel for
subscquent courses.

DLTs and MTD. Toxicitics werc cvaluated according to the
National Canccr Institutc Common Toxicity Criteria (NCI-CTC)
version 2 (38). DLTs were defined as follows: (a) grade 4
ncutropenia lasting 5 days or longer; (b) febrile ncutropenia (grade
3 or 4 opeutropenia with fever (238.5°C)); (¢) grade 4
thrombocytopenia; (d) grade 3 or 4 non-hematological toxicity
except for nausca, vomiting, anorcxia and general fatigue; {(¢)
failurc to administer docctaxct on day 8; (f) failure to administer
docetaxel on day 15, even if postponed for onc week; and (&)
failure to administer S-1 {or 14 days contiruously during treatment.

Assessment of DLTs was conducted only in the first treatment
cycle. Three patients per dose level were planned to be included. In
case of onc DLT, three further paticnts were treated at that level.
MTD was defincd as at least two out of three or three out of six
paticnts with DLT at a given dosc level. Throughout this study, the
prophylactic administration of granulocytc colony-stimulating
factor (G-CSF) was not allowed.

Evaluation during therapy. Hematological and biochcmical tests,
performance status and clinical assessment of symptoms were
monitored at lecast every week. Tumor response was assessed
according te the Responsc Evaluation Criteria in Solid Tumors
(RECIST) (39). All partial or complete responscs were confirmed
for a minimum of 4 weeks. Paticots were considered evaluable for
responsc if they received at feast one complete cycle of therapy,
unless rcatment was stopped duc to carly toxicity. Time to
progression and overall survival were estimaled using the Kaplan-
Meier mcthod.

Phan/nacokinclics. The pharmacokinetics of docelaxel and S-1 were
studied during the first cycle of therapy, For docetaxcl, 5 ml blood
samples were taken from cach paticnt at the {ollowing time-points:
prior to trcatment, 30 min into the drug infusion, at the end of
docctaxel infusion, and 30 min, { h 2 h,3 b, 4 h, 7 h and 24 h after
the end of the infusion. For $-1, 5 mi blood samples were taken
from cach paticnt al the following time-points: prior to dose, and

Table 11. Dose escalation scheme and DLTs in course 1.

Level 1 2 3
Dose of docetaxel (mg/m?) 15 20 25
Dose of $-1 (mg/m?) 80 80 0
Number of patients 3 6 5
Mcdian number of 2 (2.9 2 (2-5) t(1-2)
courses (range)

Number of paticuts with any 03 1/6 3/5
DLT/Number of paticnts

ANC: <S00/mm? for >5 days 0 0 2
Febrile neutropenia 0 ia 2
Other grade 3-4 0 12 30
non-hematological toxicity

Inability to receive 0 0 1©
docetaxet on day 8 or day 15

[nabitity to reccive S-1 Q 0 0

morc than 14 days

ANC: absolute ncutrophil count; "Same paticnt with grade 3 diarrhea
with febrite neutropenia; PAll patients with grade 3 stomatitis; <Due to
ncutropenia,

10, 2h, 4 h 8h and 24 h after dosc. Initial administration of S-1
was started at 8 h after the cad of docetaxel infusion on day 1. To
cvaluate drug-drug interactions between docetaxel and S-1, the
pharmacokinetic analysis of docetaxel was conducted on day 1 and
day 8, and that of $-1 was counducted on day 7 and day 8. On day!
only, $-1 was administered in the cvening, afier the blood
correction for pharmacokinetic analysis of docetaxel at 7 h after
infusion. All blood samplcs werc centrifuged immediately and the
separated plasma samples were frozen at —20°C until analysis. The
plasma samples were thawed at ambient temperature, then
vortexed and centrifuged (or 5 min at 3,000 rpm to remove fibrous
materials. Pharmacokinetic analysis for docetaxel was performed
according to Yoshida er al. (34). Pharmacokinetic analysis for S-1
was carried out as described efsewhere (17).
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Table IU. Hematological and non-hematological adverse events.

Adverse events Level | Level 2 Level 3
{n=3) {n=0) (a=5)
NCL-CTC grade l 2 3 4 1 2 3 4 ) 2 3 4
Hematological
{.cukocytopenia 1 0 0 0 0 0 1 0 n Q ] i
Neutropenia 1 0 0 0 0 V] 1 Q 0 0 0 2
Ancmia 0 0 0 0 1 0 1 0 i 0 3 0
Thrombocytopenia 2 0 0 ¢ 2 0 0 0 0 0 0 0
Nona-hematological
Nausca/vomiting 2 ] 0 0 2 0 0 0 0 0 ] 0
Anorcxia 0 t 0 0 1 3 0 0 1 1 0 0
Tatigue 2 0 l 0 5 0 0 0 ) 3 0 0
Stomatitis 2 0 0 0 0 ¢ 0 0 0 0 3 0
Constipation ) I 0 0 i 1 0 0 1 ! 0 0
Diarrhea 1 i 0 0 0 § 1 0 2 1 0 0
AST/ALT n 1 0 0 0 ] ¢ 0 0 0 0 0
Skin rash 1 0 0 0 g 0 0 0 0 0 0 0
Pacumonia 0 0 0 0 0 [t} 0 0 0 0 0 0
Infection { H 0 0 0 t 0 0 0 0 0 ¢
Febrile neuiropenia 4] 0 0 0 0 0 1 0 0 0 2 0

AST: aspartate aminotransferase; ALT: alaninc aminotransferase.

Results

Patient characteristics. A total of 14 paticnts with a median
age of sixty-one years (range 31-76 ycars) were recruited
for this study. Patient characteristics arc listed in Table 1.
Onec patient was clinically diagnoscd with primary ovarian
cancer and following oophorcctomy, a Krukenberg tumor
with primaty gastric cancer was diagnosed. Five patients
received prior chemotherapy. Two patients had uracil-
tegafur (UFT) and carboplatin/paclitaxel as adjuvant
therapy, respectively. Two patients had received
chemotherapy only, of systemic administration with
cisplatin/5-FU and irinotecan, or of intra-pecitoneal
infusion with paclitaxel. Seven patients had not received
any prior treatment.

Sequence of dose levels studied and DLTs. Three patients
started on level § (S-1 80 mg/m?/day with docetaxel 1§
mg/m?) and no DLTs werc observed (Table If). The next
cohort of three patients received dose level 2 (S-1 80
mg/m¥/day with docetaxel 20 mg/m?) and as one patient
experienced grade 3 diarrhea and febrile ncutropenia
(DLT), this group was expanded to six paticots. Non¢ of the
threc additional patients experienced DLT. The next cohort
of three patients received dose fevel 3 (S-1 80 mg/m?/day
with docetaxe! 25 mg/m?) and one patient experienced
grade 3 stomatitis and grade 2 diarrhea (DLT), so this
group was expanded to six patients. Two additional paticnts
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expericnced DLT (grade 3 stomatitis, febrile ncutropenia
and continuous grade 4 neutropenia). One of these patients
could not be treated with docetaxel on day 8 in the 1st cycle
because of ncutropenia. Thus, three of five patients had
DLTs at level 3. In these five paticnts, the most frequent
DLTs were stomatitis, febrile neutropenia and continuous
neutropenia. Therefore, level 2 was considered as the
recommend dose for the phase Il study. The median
number of cycles received per paticnt was two (rangc one
to ninc). Dose intensities of S-1 and docetaxc] were 48
mg/m¥week and 12 mg/m®fweek, respectively.

Adverse effects. All the patients were evaluated for adverse
effects which are summarized in Table III. No grade 3
adverse cffects were observed at level 1 cxcept for fatigue
in one patienl. One patient at level 2 had grade 3 diatrhea
with febrile neutropenia as DLT, however, no other grade
3 or non-hematological adverse effect was observed at the
level in the rcpeated cycle. No grade 4 hematological
adverse effects were observed at level T or 2. At level 3, 3
out of § patieats had grade 3 stomatitis and 2 of them also
had febrile ncutropenia; furthermore, 3 out of 5 patients
had grade 3 anemia while two out of 5 patients had grade 4
neutropenia.

Pharmacokinetics (PK) analyses. Blood samples for PK
analyses were available for 13 out of the 14 paticnts,
including all 5 patients at the optimal dose level (20 mg/m?).
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‘Tablc 1V. Plasma concentrations of docetaxel.

Level 1 (n=3)

Level 2 (n=5) Level 3 (n=5)

Caax AUCy, AUCyA Ciaas AUC, AUCy.A Cranx AUCq, AUCg 5
{ng/mL) {ngeh/mL) (ngeh/mL) (ng/ml)  (ngeh/ml) (ngeh/mL) (ng/mL) (ogeWmL) (ngeh/mL)
Day 1 {-S-1) 205 238 - s21 522 616 591 835 1547
Day 8 (+S-1) 240 308 - 597 547 581 379 555 1028
Cpnaxt maximum obscrved concentration; AUC: area under the congentration-time curve.
Tabie V. Plasma concentrations of FT, 5-FU, CDHP and Qxo.
FT 5-FU CDHP Oxo
Cinax AUCy A Cinax AUGy 4 Cinag AUCy o Chrax AUCyA
(ng/mL) (ngeb/ml.) (ng/ml.}) (ngeh/ml) (ng/mL) (ngeh/mL) (ng/mL}) (ngehfml)
Day 7 (n=8) 2526x615  15180<3)84 151.3270.6  810.5£349.3  299.8x175.8  1342.4%6243 76.1x£21.1 414.2+118.8
Day 8 (n=8) 2509380 1488242219 156.4£62.7  765.0%304.4  307.5+149.5 1368.82537.2 93.8246.4 491.0£216.3

FT: tegafur; 5-FU: fluoronracil; CDHP: 5-chioro-2 4-dihydroxypyridiac; Oxo: potassium oxonatc;

Chnay: Maximum observed concentration; AUC:

arca under the concentration-time curve; Values are expressed as mean + standard devialion (SD).
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Figure 2. Plusma concenirations of docetaxel with and without administration of §-1 (day | vs. day 8).

The PK parameters for docetaxel are shown in Table 1V.
The plasma concentration of docetaxel with or without S-1
(day 1 vs. day 8) are shown in Figure 2. Aithough C,,,;,
AUCy,, AUCy 5 of docetaxel on day 8 were slightly lower
than those of day 1, PK paramcters for docetaxel were
equivalent between day 1 and day 8. The PK parameters for
FT, 5-FU, CDHP and Oxo arc shown in Table V. The
plasma concentration of FT, 5-FU, CDHP and Oxo with
administration or not of docetaxel (day 7 vs. day 8) are
shown in Figure 3, PK parameters of $-1 were equivalent on
day 7 and on day 8. Thus, no drug interactions between S-1
and docetaxel were observed.

Efficacy. Response and survival data were updaied in
QOctlober 2006. Ten patients were assessable for tumor
response (Table VI). Four patients were considered not
evaluable for response, because of early drop-out due to
carly toxicity. Two paticnts were alsc considered not
evaluable for RECIST criteria, because there werc only
primary tumors and no melastatic site (Table I). One
paticnt was considered not evaluable for response after
entry because there was only peritoncal dissemination and
no target lesion (Table VI). Therc were 2 partial responses
at levet 2 and no complete response. The overall response
rate was 20% (2 out of 10). The response rate at the
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Figure 3. Plasina concentrations of S-fluorouracit (S-FU), tegafur (FT), potassium oxonate (Oxo), and 5-chloro-2,4-dihydroxypyridine (CODHP} with

and withaut administration of docetuxel {day 7 vs. day 8).

recommended dose (level 2} was 50% (2 out of 4). The
disease control rate was 80% (8 out of 10). All fourteen
patients were assessable for survival (Figure 4). The median
surviva) time was 9.4 months and thc median time to
progression was 2.4 months. The median survival time at the
recommended dose (level 2) was 10.0 months.

Discussion

Current key drugs for the treatment of gastric cancer are
cisplatin, taxoids (paclitaxel and docetaxel), irinotecan and
S-fluorouracil (5-FU) or its derivative drugs (such as
doxifluridine, capecitabine, tcgafur and UFT). 5-FU-based
combinations arc considered as a standard chemotherapy
for first-line treatment of advanced gastric cancer because
they provide survival benefit compared with best supportive
care (2-4) In western countries, triplct combinations such as
epirubicin/cisplatin/5-FU (ECF) or docetaxelfcisplatin/S-FU
(DCF) (29) regimens arc the current standard, however,
they are sometimes not recommended practically because of
their severe hematological toxicity. S-1 is a novel oral
fluoropyrimidinc dcrivative. Single use of S-1 has revcaled
promising tesponse in advanced gastric cancer with
acceptable side-cffects being stomatitis, fatigue, diarrhea
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Table VI. Tumor response.

Level Numberof  CR PR SO PD  RR (%)
paticnts

1 2 0 0 2 0 0

2 4 0 2 1 f 50

3 4 0 0 3 1 0

Total 10 0 2 6 2 20

CR: complete response; PR: partial responsc; SD: stable disease, PD:
progressive diseasc; RR: response rale; Tumor responses were
evaluated using RECIST criteria.

and ncutropenia (14-16), but no haad-foot syndrome which
is frequently caused by capecitabine. Based on the clinical
aclivity of S-1 monotberapy, phase II studies of S-1 plus
cisplatin (17), S-1 plus irinotecan (18) and S-1 plus
docetaxel have been cvaluated. Several reports suggested
that there is synergistic anti-lumor effect between docetaxel
and both 5-FU (30) and S-1 (31, 32).

This phase 1 study showed that combination therapy with
S-1 and weekly docetaxel is active in advanced and recurrent
gastric cancer and has an acceptable and manageable toxicity
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Figurc 4. Kaplan-Meier plot of log-rank analysis for overadl survival (OS) and time (o progression (TTP). Median overall survival time was 9.4 months.

Median time to progression was 2.4 months.

profile. The recommended dose of docetaxel was 20 mg/m?
administered weekly (trcatment on days 1, 8 and [5) in
combination with 80 mg/m%day of S-1 for 3 weeks, repeated
every 5 weeks. Two investigations (33, 35) previously reported
a combination S-1 and once infusional docetaxel. In both
studlies, the recommended dose of docetaxel was 40 mg/m? on
day 1 combined with full dose S-1 (80 mg/m?) on days 1-14,
Although Tomiak et al (36) rcported that such a regimen
could be repeated every 3 weeks, treatment administration of
the next cycle was delayed for a median 7 days because of
ncufropenia. Yamaguchi ef al. (33) have described a similar
regimen which should be repeated every 4 weeks. Thus, the
real dosc intensities of S-1 and docetaxel of the previous
regimen were 40 mg/m?week and 10 mg/m%weck,
respectively. In the present study, expected dose intensities of
S-1 and docetaxel were 48 mg/m?fweek and 12 mg/m%weck,
respectively, and were cquivalent or higher than those of the
previous regimen. Moreover, the presented weekly docetaxel
based regimen is convenient and can be applied on an
outpatient basis. In a previous study, docetaxel was found to
modulate the level of metabolic enzymes of 5-FU and
produced a synergistic effect in a gastric cancer cell line (32),
however, in the present study, there were no drug-drug
interactions between S-1 and docetaxel.

DLTs with the presented combination were stomatitis
and febrile neutropenia. DLTs at the MTD dose ievel were
severe stomatitis. Diarrhca and stomatitis are similax DLT
profiles 1o that found with single use of S-1 and the addition
of docetaxel renders this combination more scrious. Phasc
IT studies of S-1 monothcrapy in patients with advanced
gastric cancer showed an overall response rate of 26-49%.
In'combination S-1 with once infusional docetaxel, response
rates were 46-56%. In our study, the overall response rate

was 20%, however, the response rate was 50% at the
recommend dose level. The disease control rate of 80% was
also promising. With a median survival time of 9.4 months,
a median time to progression of 2.4 months, and a median
survival time at the recommendcd dose of 10.0 months, the
survival benefit was considered favorable in comparison
with mecdian survival times of other regimens, such as
docctaxel (6-3 months), S-1 (7-8 months), ECF (10 months)
and DCF (10 months).

Conclusion

The combination of 8-1 and weekly docetaxel is an active
and wcll-tolerated regimen in patients with advanced gastric
cancer. This regimen can be applied on an outpatient basis,
maintaining the dos¢ intensity of both drugs and reducing
neutropenia-based side-effects. A phase T trial of the
regimen in patients with advanced and recurrent gastric
cancer is ongoing.
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