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Pharmacokinetics of Gemcitabine in Japanese
Cancer Patients: The Impact of a Cytidine
Deaminase Polymorphism
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Teruhiko Yoshida, Hideki Ueno, Takuji Okusaka, and Nagahiro Saijo

Purpose

Ger’;xcitabine is rapidly metabolized to its inactive metabolite, 2',2’-difluorodeoxyuridine (dFdU), by
cytidine deaminase (CDA). We previously reported that a patient with homozygous 208A alleles of
CDA showed severe adverse reactions with an increase in gemcitabine plasma level. This study
extended the investigation of the effects of CDA genetic polymorphisms on gemcitabine
pharmacokinetics and toxicities.

Patients and Methods

Genotyping of CDA was performed by a direct sequencing of DNA obtained from the peripheral
blood of Japanese gemcitabine-naive cancer patients {n = 256). The patients recruited to the
association study received a 30-minute intravenous infusion of gemcitabine at a dose of either 800
or 1,000 mg/m?, and eight blood samples were periodically collected (n = 250}. Plasma levels of
gemcitabine and dFdU were measured by high-performance liquid chromatography. Plasma CDA
activities toward cytidine and gemcitabine were also measured (n = 121).

Resuits

Twenty-six genetic variations, including 14 novel ones and two known nonsynonymous single
nucleotide polymorphisms {SNPs), were detected. Haplotypes harboring the nonsynonymous
SNPs 79A>C (Lys27GIn} and 208G>A (Ala70Thr) were designated *2 and 3, respectively. The
allelic frequencies of the two SNPs were 0.207 and 0.037, respectively. Pharmacokinetic
parameters of gemcitabine and plasma CDA activities significantly depended on the number of
haplotype *3. Haplotype *3 was also associated with increased incidences of grade 3 or higher
neutropenia in the patients who were coadministered fluorouracil, cisplatin, or carboplatin.
Haplotype *2 showed no significant effect on gemcitabine pharmacokinetics.

Conclusion

Haplotype *3 harboring @ nonsynonymous SNP, 208G>A (Ala70Thr), decreased clearance of
gemcitabine, and increased incidences of neutropenia when patients were coadministered
platinum-containing drugs or fluorouracil.

J Clin Oncol 25:32-42. @ 2007 by American Society of Clinical Oncology

¢ Gemcitabine is transported into cells by con-
centrative and equilibrative nucleoside transporters,™
where it is phosphorylated to its monophosphate

I
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Gemcitabine (22" -difluorodeoxycytidine) is a nu-

cleoside anticancer drug that has a broad spectrum
of antitumor activity against various solid tumors,
such as non-small-cell lung cancer and pancreatic
cancer.’ In a randomized clinical trial, gemcitabine
was confirmed to provide a survival advantage over
fluorouracil in addition to symptom-relieving ben-
efits in patients with advanced pancreatic cancer.®
On the basis of these results, gemcitabine has genet-
ally been accepted as a standard chemotherapeutic
agent for advanced pancreatic cancer,

form by deoxycytidine kinase. Gemeitabine triphos-
phate, an active form of gencitabine, is incorpo-
rated into an elongating DNA strand, and is
followed by the addition of another deoxynucle-
otide that Icads to the halt of DNA synthesis.™""
Another made of action in solid tumors, associ-
ated with the inhibition of ribonucleotide reduc-
tase, has also been suggested. "'

Gemcitabine is rapidly metabolized to an inac-
tive metabolite, 2’,2’-diflucrodeoxyuridine (dI}dU)
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CDA Polymorphism and Gemcitabine PK

Tabie 1. CDA Haplotypes Estimated in This Study

Region 5'-Fianking Exon 1 (5-UTR} Exon1 | Intron Exon 2 Intron 2
SNPID CDAGOY CDACO2 .| CDA0O2 CDADO4 | CDADDS | CDAOG? | COAOCE | CDADIO | COAO1Y | CDAOI2 | COAQIA | CDAOIE | CDAOY7

vS2
208G-A | 210T>C |+87_488
insTCAT

-33_-31 . | vsiaz7
e | 78 | Taaa

§2+242 {IVS2+296

Nugleotide change -451CT | ~208C>G | ~182G>A | —116G>A | -924>G AG Tk

Aming acid change Lys27GIn Ala70Thr | Ala70Ala

Haplotypes

Other *1
‘2a
‘2h

"2 *2¢
20

Other *2
‘3g
“3b

(continued on next page)

NOTE. The haplotypes were described as a number plus a simall alphabetical letter. Four single nucleotide polymorphisms (SNPs) (CDACOS, 008, 013, 015) were

found only in the very rare ambiguous * ! haplotypes. Since these ambigucus haplotypes were grouped and described as “Other * 1" in this table, the four SNPs are
not shown in the row of nuclotide change. White, major allele; gray, minor allele.

by cytidine deaminase (CDA),” and most of an administered doseis  netics of gemcitabine, plasma CDA activity, or adverse reactions in
recovered as dFdU in the urine.'? CDA is expressed at varyinglevelsin  Japanese cancer patients.

the human tissues,'* and the rapid clearance of gemcitabine can be
attributed to its plentiful occurrence in the liver.” Two single nucleo-
tide polymorphisms (SNPs), 79A>C (Lys27Gln) and 4351>C
{Thr145Thr), have been discovered in CDA, the CDA-encoding gene
in humans,'>'* The 79A>C SNP reportedly reduces the deamination  Gemgitabineand dFdU for analytic standards were supplied by Eli Lilly Japan KK
activity (maximuin velocity/Km) toward 1-beta-D-arabinofuranosyl ~ (Kobe, Japan). Tetrahydrouvidine, 3'-deoxy-3'-fluoro-thymidine (3'-dFT), cyti-
cytosine (cytarabine),'® and increases Km toward gemcitabine, 7in  dincanduridine (Sigma-Aldrich Chemical Co, St Louis, MO) were purchased. All
vitro. A recently discovered third SNP, 208G> A (Ala70Thr) displayed other chemicals were of highest grade available.

a decrease in deamination activity of 60% for cytidine and 68% for  pagiants

AEREE

~vtarabi on i cedintoa ¢ i) . - . - . )
cytarabine when introduced into a CDA-null yeast strain. The participants in this study consisted of 256 Japauese patients with
. . . . « 2 . v . . . . \ n . 3
Toxicity of gemcitabine is generally mild,'”*° but unpredictable  carcinoma, including six patients described in a previous report,® at the
severe toxicities such as myclosuppression arc occasionally experi-  National Cancer Center Hospital (Tokyo, fapan) and National Cancer Center

enced. 23 Qur previous case report described a patient with homory- Hospital Fast (Kashiwa, Japan). Two hundred fifty-one patients reccived a

gous 208A alleles of the CDA gene who showed severe adverse 30—ln1121utc intravenous mfusu'm of genicitabineat a dose of elt!}cr 800 or 1,900

. ith increased ol itabine levels.2? In additi mg/m’, and five patients received a fixed dose-rate (10 mg/m*/min} infusion
reactions with mcreased plasma gemc.lta 1ne ievels. N addition, 3 dose between 1,000 and 1,500 mg/m?. The eligibility criteria for the study
there has been controversy over the relationship between cellular CDA -y ere a5 previously reported.?* The ethics committecs of the National Gancer

activity and the clinical cffects of cytarabine.”**” This study examined  Center and the National Institutes of Health Sciences approved this study.
the relationship between CDA polymorphisms, and the pharmacoki-  Written informed consent was obtained from each participant.

wwwjeo.org 3
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Table 1. COA Haplotypes Estimated in This Study (continued)

Inuon 3 Exon 4 Exon 4 {3-UTR}
coagig CDAC1Y CDAO2C CDAO21 CDAD22 CDAO23 CDAQ24 CDAD25 CDAQ26
ol el G Rl Rl RS Lol I
ingAtu insC AXG
Thr145Thy
No. Frequency
175 06.342
63 0.123
52 0.162
17 0.033
13 0.025
P 0.023
12 0.022
11} 0.021 a.756
8 0.016
5 0.010
q 0.008
4 0.008
2 0.004
1 0.002
8 0.016
e 0164
1" 0.021
5 0.010 0.207
3 0.006
3 0.006
18 0.025 0037
§ 0.002
512- 1.000 1.000

Monitoring and Toxicities

A complete medical history and data on physical examinations weic
recorded before the gemcitabine therapy. CBC and platelet counts, as well as
blood chemistry, were measured once a week during the first 2 months of
gemcitabine treatment. Toxicities were graded according to the National Can-
cer Institute Common Toxicity Criteria, version 2.

DNA Sequencing

All four exons and the 5’-upstream region (approximatety 800 basc pairs
[bp] from the translation initiation codon) of CDA were amplified from
109 ng of DNA extracted from peripheral blood, and sequenced along both
strands. Polymerase chain reaction (PCR) primess® and sequencing and PCR
conditions™ were described previously, For detection of an approximately
300-bp Alu insertion (TVS3-194_-193insAlu), PCR was perfornred using a
specific primer set (5'- TTGTCATAGCAGAAGGAGGTT-3" and 5'- TCAG
CICTCCACACCATAAGG-3") and 100 ng of DNA as a template. Then, sizes
of the amplified fragments were determined by 1% agarose gel electrophoresis.
NT_004610.17 (GenBank, National Center for Biotechnology tnformation,
Bethesda, MD) was used as the reference sequence.

Linkage Disequilibrium and Haplotype Analyses
Hardy-Weinberg equilibrium and linkage disequilibriunt (LD} analyses
were performed by SNPAlyze software (Dynacom Co, Yokohama, Japan). All
of the detected variations were found to be in Hardy-Weinberg equilibriom
(P = .05), except for the SNP IVS1+37G>A (P = 002). Some of the haplo-

k]

types were unambiguously assigned from subjects with homozygous vavia-
tions at all sites or a heterozygous variation at only one site. The diplotype
configurations (a combination of haplotypes) were separately inferred by
LDSUPPORT software,*® which determines the posterior probability distribu-
tion of the diplotype configuration for each subject based on the estimated
haplotype frequencies. The diplotype configurations of all but 11 subjects were
inferred with probability of more than 0.93. All haplotypes infetred in single
subjocts were gathered as the groups “Other *1” and “Other *2”in Table 1.

Pharmacokinetic Study

Five patients with fixed dosc-rate infusion and one patient with interrup-
tion of infusion for more than 15 minutes were excluded from the pharmaco-
kinetic analysis described herein. Heparinized blood was collected before
administration of gemcitabine and used to measure plasma CDA activity. Five
milliliters of heparinized blond was also sampled for pharmacokinetic analysis
before the first gemcitabine administration, and at 0, 13, 30, 60, 90, 120, and
240 minutes after the termination of the infusion. Fifty microliters of 1%
tetrahydroutidine was immediately added to these samiples to prevent ex vivo
deamination. Plasma levels of gemcitabine and dFdU weve determined using
the high-performance liquid chromatography method previously reported
The arca under the curve (AUC) and mean residence time from 0 to infinity,
peak concentration (C,, ) clearance (CL/m?) and distribution volume bascd
on the terminal phase (V2/m®) were calculated using WINNonlin (Scientific
Consultant, Apex, NC) version 4.01 (Pharsight Corporation, Mountain View,

Jourrat or Cuiviear ONCoLOGY
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CDA Polymorphism and Gemcitabine PK

CA). AUC and C,,,, were corvected for dose, assuming that all patients re-
ceived 1,000 mg/m® of gemcitabine.

CDA Activities in Plasma

Determination of CDA activities was performed using the method
by Richards et al*® with slight modifications (modifications are as follows:
gemcitabine was used as a substrate as well as cytidine, internal standards
for analysis [3'-dFT for gemcitabine ot dFdU for cytidine] were added to
the mixturcs at the beginning of the reaction, and high-performance liquid
chromatography was used for detection of reaction products). CDA activ-
ity was expressed by unit, and one unit of enzyme activity was defined as the
concentration that produces 0.1 nmol of dFAU or uridine per minute per
milliliter of plasma.*

Statistical Analysis

Kruskal-Wallis, Mann-Whitney, and Pearson’s correlation tests were
performed using the JMP software (SAS Institute fne, Cary, NC). Two ordi-
nally scaled categoric data were subjected to x* analysis for a correlation test, A
significance level of .05 was applied to all two-taited and correlation tests.
Multiplicity was adjusted by the false-discovery rate,”! if necessary.

Genetic Variations and Haplotype Structures of CDA

Twenty-six {14 novel) genetic variations werc detected in the
256 Japanese cancer patients enrolled onto this study (Table 2).
Three of the novel variations were found in the 5’ -untranslated region,
one in exon 2, three ip the 3'-untranslated region and seven in the
introns. Three known SNPs in the coding region of CDA were also
detected. Among these, the nonsynonymous SNPs, 79A>C
(Lys27Gln) and 208G> A (Ala70Thr), exhibited allelic frequencies of*
0.207 and 0.037 (Table 2), respectively, and they were comparable to
those reported previously.'® One patient was found to be homozy-
gous for the 208A polymorphism. A novel insertion of an approx-
imatcly 320-bp Alu clement (IVS3-194_-193insAlu) was newly
found in intron 3,

The detected variations were used to analyze LD (Fig 1). Four
novel variations (IV$3-56G>A, 1VS83-36G>A, 1VS3-23C>T and

Table 2. Variations of the COA Gene Found
SNP 1D Position
From the Translationa! AMINo
NCBI Initiation Site or From Nucleotide Change and Flanking Acd Alligle
This Study {dbSNP} JSNP Location NT_004610.17 the Nearest Exon Sequencas (§' 10 3% Change Frequency
MPJS_CDAOOT 5532545 JSTI(’J\?J%7 - &'-Flanking X .3739514 . ~451% . TGCCTCCTGCCTC/TGGGATGCCGCAG 0.199
MPIoCOMOZ rse03a1z  IMS. “S“Flanking 3739760 <306t CACACGTAGGCACIGTGTCTTACACCA 0.266
MPJB_CDAQD3 1512726436 5-Flgnking - /-:3739783 .. . . .[-182t - - CACACCTGCTGAG/ATCCAAACCATGG 0.061
PMPJIS_CDAODA” Exﬁg \1)TR) 3739849 -116¢ CTGAGAGCCTGCG/AGTCTGGCTGCAG 0.05%
5.
MPJG_CDADDS 602950 -E):?Sn, ‘EITR) 3739873 ~92% GGGACACACCCAA/GGGGGAGGAGCTG 0.205
MPJ8_CDAODG" Exosnalljm 3739884 —81% AAGGGGAGGAGCYT/CGCAATCGTGTCT 0.002
5" ) .
MPJ6_CDACB7  rs32154C0 IMS- Exon 1 3739934 -33_-31¢ GCTICCTIGTTTCCC/-GCTGCTCIGLTIG 0451
JST076938 . (5-UTR) o L
MPJG_CDADOB’ Ex%q C‘ - 3739957 ~84 TGCCTGCCCGOGG/ATACCAACATGGC 0.002
MPJG_COAOOST 152072671 IMS - Exon 1 3740043 .- .. 79 - . 0 CAGGAGGCCAAGA/CAGTCAGCCTACT  Lys27Glh 0207
MPJG_CDADIO 1512050454 nwon1 3740156 wsiiar ' CCCAGCCCAGCAGACCTGGGTGGTGE 0.184
MPJ6_COAO114 Exon 2 .3755816 208¢ " ‘GCTGAACGGACCG/ACTATCCAGAAGG Ala70Thr 0.037
MPJ6_CDADY2" Exon 2 3765818 210¢ TGAMCGGACCGCT/CATCCAGAAGGCC Ala70Aka 0.604
WIPJG_COADI3" Intron 2 3756932 V$24-58 GCCAACATCTTCC/TTTACACATATTA 0.002
MPJG_CDADYA" intron 2 3755861_3755962 VS2:87_188 TCATTCATTCAT-/TCATCTGACATATGYT 0135
MPJG_CDAD1S" Anvon 2 3756043 IV52+169 ATAAGGAGATAAA/GTAAGARATGGAG 0.002
MPJG_CDADIS 1510918825 intron 2 3756116 IVS2+242 CATACAAGGGCCA/GGTATGCCCCTGT 0.289
MPJ6_CDAG17  1s818194 - Intron 2 13756170 . IVS2+2986 . - GTCCTACAAGATT/ATAACAGAAAGGC 0.217
MPJE_CDADI8 153738130 JSTISﬁé%S “ Intron 3 3764805 VS34-71 AGCCACGCCAAGT/CTGCAGGCATGGC 0.053
MPJS_CDAS” - o L ... lawon3 - :3769093_3763094 : - -VS3-194_=193 - | - CTGTICAGYITC:/(Alu)SACAGCATTCTIY 0.293
MPJS_CDAQ20" Intron 3 3769231 WS3-56 CAGACCCAGTCCG/ATCTCAGCCCCCT 0.293
MPJ6_COA021° Inteon 3 ..3769251 - - 8336 " .. CCCCTCAGCCACG/ACTGTGTCICTCA 0293
MPJ6_CDAD22" Intron 3 3769264 VS83-23 CTGTGTCTCYCAC/TGCCAGCTITGCC 0.293
MPJE_CDAD23t 517846527 Exon 4 . 3769397 435¢ CCTYGCAGAAGACC/TCAGTGACAGCCA Thr145Thr 0.293
MPJG_CDAD24™ Exon G " 3769472 510 {6O) CTCACAGCCCTGBITGGACACCTGCCC 0.002
(3-UTR)
MPJS_CDAD25" -Exon aTR 3769599_3769600 637_638 (*196_1971t  ACCGCCGCCCCC-/CTGCCCCACCITY 0.293
3-u !
MPJG_CDAO2G" Exosn 4 . 3769638 676 {*235)% GGGCCCTCTTTCA/GAAGTCCAGCLTA 0.010
(3-UTR
“Novel variations detected in this study.
iYue et al.'® o )
A of the translation initiation codon ATG is numbered 1, and the nurnber with * in parentheses indicates the position from the termination codon TGA.
§The sequence of the Alu insertion was as follows: §' - (T)nGAGACGGAGTCTCGCTGTCGCCCAGGCTGGAGTGCAGTGGCGCAATCTCGGCTCACTGCAGGCTC(_ZG
CCCCCTGGGGTTCACGCCATICTCCTGCCTCAGCCTCCCGAGTAGCTGGGACTACAGGCGCCCGCCACCTCGCCCGGCTAATTTTITGTATTTTTAGTAGAGACGGGGTT
TCACCGTGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCGCCCGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGLCGCCCGGCCCACTG
TTCAGTTTC-3' {n = approximately 25).

Wi jco.org
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-451C>T

-33_-31delC

-8G>A

79A5C

1V§1437G>A

208G>A

210T>C

1S2458C >T
1VS2487_+88insTCAY
VS2+169A>G
1VS2+242A5G

1V§2+296T>A

IVS3+717>C

IVS3-194_-193insAlu

IV83-56G>A

83-366>A

V§3-23C>T

435C>T

#*69G>T

#*1965_»197insC

#*235R56

Fig 1. Linkage disequilibnum (LD} among
26 CDA varigtions. Paireise LD as ¢ {from
0 to 1) is expressed as 10-graced blue
color. The density of the biue color in-
creases with higher linkage rates.
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“196_1197insC), the Alu element insertion and a known SNP
435C>T (Thr145Thr) showed complete linkage (Fig 1) with a fre-
quency 0f0.293. Strong LD { 1 = 0,93) wasalso 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 LI 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 *1a (frequency, 0.342), followed by *2a (0.164),
*1b(0.123), and *1c (0.102).

Effects of Patient Background Factors on
Gemcitabine Pharmacokinetics _

Characteristics of the 250 patients recruited for the pharmacoki-
netic study are shown in Table 3. As previously reported, the patient
who was homozygous for 208A showed extraordinarily high gemeit-
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 effects of age and sex on pharmacokinetic parameters arc
summarized in Table 4. Vz/m? was significantly higher in males than
in females, even after adjustiments for their body surface areas {Mann-
Whitney P = .0031). The C,,,,.» AUC, CL/m?, and Vz/i” of gemcit-
abine showed significant correlations with age (P < .0001 for all

paramieters). Values of any dlinical tests, including creatinine concen-

36

tration, did not correlate with pharmacokinetic parameters of gemcit-
abine. Although approximately 30% of patients in this study
underwent combined chemotherapy, no clinically significant effects
of coadministered drugs on pharmacokinetic parameter values of
gemcitabine were detected.

Effects of CDA Genetic Polymorphisms on
Gemcitabine Pharmacokinetics

Because age and sex were unbiasedly distributed among the pa-
tients, 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 *1, *2,
or *3 subtypes that showed statistically significant differences from
each major subtype within the three groups (Table 5 unpublished
data). Therefore, each subtype was combined into one group {the *1,
*2, or *3 group) to investigate the association between pharmacoki-
netic paramneters and genetic groups.

The relationships between the diplotype groups and the phar-
macokinctic parameters of gemcitabine are shown in Figure 2 and
summarized in Table 6. The data clearly showed a haplotype *3-
dependent decrease in clearance and increases in C,,,, and AUC
values (3 trend P < .0001 for all parameters). The values of C,,,
AUC, and CL/m? observed in the patient bearing a homozygous
208G>A (*3/*3) were two-fold, five-fold, and onc-fifth of the
means of the *1/*] group, respectively (Table 6). In contrast, the
pharinacokinetic parameters of gemcitabine except for mean resi-
dence time (data not shown) were not significantly influenced by the

haplotype *2.

JOUTNAL OF CLIXICAL ONCOLIKY
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Effect of Haplotypes *2 and *3 on Plasma
CDA Activity

Plasma CDA activitics 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 Patients Recra . cinott cytidine (43.04 and 29.04 units, respectively; far higher than the 99%

Tahte 3. Characteristics Shdes e = ‘;csrg)“ed to Pharmacokinetic upper confidence limits of plasma CDA activities for the *1/*2 group)

Charrerome was exclulded as an ou?her.from the following st'austncal analysis, al-
though his pharmacokinetic parameters were quite normal.

Sex Haplotype *2 failed to st ignificant eff ;
Viole 165 aplotype ailed to show any significant effects on the
Female 85 plasma CDA activities toward both gemcitabine and cytidine. On

Age, years ' the other hand, activity decreased depending on the number of
Mean 626 haplotype *3 (Table 6; Fig 3). The plasma CDA activities in the
Range 32-80 - . o s -
so 02 homozygous *3 (208A) patient were 12% (gemcitabine) and 25%

8ody surface area, m? e (cytidine) of the median activitics for the *1/*1 patients. As shown in
Mean A7 Figure 4, a statistically significant correlation between the plasma CDA
Range B A L g activity toward gemcitabine and the AUC values of gemcitabine was
SO B R R ;

Weight, kg - observed (r = ~0.30; P = .0009). However, the correlations were
Mean 548 not remarkable.

Range 34.4-80.3 .
SD Effect of Haplotype *3 on Toxicities

Performance status R Then, associations of haplotype *3 with toxicities were analyzed.
? LT Nadir grades of neutrophil counts were compared between the patient
2 groups with and without haplotype *3 under the individual therapeu-

Primary tumor tic regimens. As shown in Table 7, there were no significant differences
Pancreas 208 in incidences of grade 3 or higher neutropenia between the two groups
k;’:golhe“um 33 under the gemcitabine monotherapy. However, when gemcitabine

Dose, ma/m? e e was administered with carboplatin, cisplatin, or fluorouracil, grade 3
1,000 F T IR - S ar higher neutropenia was more frequently observed in the haplotype
800 T oo UL w0 w8 *3-bearing group than in the group without haplotype *3. The in-

Heg:’;ec?tabme slono 180 creases in incidences were statistically significant, AUC values were
Gemoitabine-based combination 70 also increased in the group with haplotype *3 under concomitant
Cisplatin 30 therapeutic regimen as under the monotherapy.

Carboplatin 16
Fluorouracil 14
Vinorelhine ditartrate 10

Previous ireatment e 3
None
2‘;;?;%0 The pharmacokinetic parameters summarized in Table 4 showed
Chemotherapy’ great similarity to those obtained with adult American patients.*” The

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 is its metabolism into dFdU, and there was
no correlation between plasma creatinine level and gemcitabine clear-
ance, Therefore, the aging effect on gemcitabine clearance is likely to
result from a decrease in distribution volume or liver function. it is

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

Crnax trg/mL)

AUC (hr - pgfinl)

CL/m? (Lhrjm?) Vz/m? (L/m?}

1/4-3f4 1/4-3/4 1/4-3/4 1/4-3/4
Factor Median Quantiles Median Quantiles Median Quantiles Median Quantiles

Sex . . .

Male 231 - L. 1Ba264 0 PRIE: : < A RE-X: BIUPR P 35.13-52.0

Femals Lot .-240 -19.8-288 86141112 387 327435

Mann-Whitney U : - NS . T P < .005

test : . '

Age

Spearman r 0.32 0.39 ~0.39 -0.39

P value < .0001 =2.000 <2.0001 < .0001

Abbreviations: C,,,,. peak concentration; AUC, area under the curve: CL/m?, clearance; Vz/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. Pharmacokingiic Parameters of Gemcitabine in Patients With Vanous CDA Diplotypes
Median Gemcitabine PK Parameters
No. of Conax AUC CUm? MRT AUC Ratio

Diplotype Patients {pg/mi) {br - pg/mi) {Lhi/m? {hours) (dFdUfgemcitabine}
“1al*1a 30 . 2240 - -10.54 5. 8428 - .- 037 885
*1a/*10 17 22.75 10.08 97.91 0.35 9.08

Ml gl 6 ... 2081 St 8a8 e pe 010860 (-0 Ll 036 C 9.19

P value’ 0.82 0.40 0.59 097 0.83
“la/*1c 23 .23.23 10.87 94.31 - 0.35 8.73
“igt*Ic 1 25.84 16.62 60.16 0.55 8.40

P value” -0.77 . . -057 .-0.94 .- 097 : 0.83
“1al*1d 7 22.05 9.07 108.30 0.36 8.04
“1d/~1d 1 26.43 . .-9.99 100.10 . 0.31 7.0

P value® 0.82 0.45 0.90 0.86 0.57
*2af*2a 8 ‘2384 - . 0934 ©.107.20 . . - 7033 . 9.70
“2a1°2b 4 23.02 9.78 100.13 0.38 8.59
*2af*2¢c 2 L2150 D oe o922 - 11163 © 7036 10.99

P valuet 0.66 0.98 0.76 0.077 0.46
Abbreviations: PK, pharmacokinetics; Cna. P8k concentration; AUC, area under the curve; CL/m?2, clearance; MRT, mean residence Urno; dFdU,
2',2'-gifluorodeoxyuridine.

*f value of a correlation test among *1af*1a, ~12/(* 1b, “1¢, or “1d), and (*1b, *Tc. or Y1A* 1D, *1c, or *1d). Multiplicity is adjusted by false-discovery rate.
t £ value of a Kruskal-Wallis test among *2a/*2a, "2a/*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 smatier
in ferales 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 products of 79A>C or 208G>A) toward
cytidine and cytarabine were reported to be lower than those of the
“prototype” in a yeast expression system,® the decreased CDA activity
in patients bearing these SNPs bas not been reported. Kreis ct 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 genetjc polymorphisms and
phenotypes remained to be clarified.

In our study, the haplotype *2 harboring 79C (27Gln) did not
show clear effects on the AUC and CL/m? values. In contrast, the 2084
(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 vivo deamination
activitices toward gemcitabine considerably. Morcover, 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 received 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, threc 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 life-threatening severe toxicitics in this patient. In
contrast, the gemcitabine AUC of the patients with heterozygous
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 toxicities in the heterozygotes for *3,
although the incidences of grade 3 or higher neutropenia in the het-
erozygotes in combined chemotherapy groups were higher in the
group without haplotype *3.

CDA is also involved in the activation of capecitabine to its active
form fluorouracit.”” Therefore, capecitabine activation would be inef-
ficient in patients who are homozygous for 208A. The allele frequency
ofthe 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 confirin the clinical importance of this
allele in the treatments using gemcitabine or cytarabine.

A number of studies have investigated the associations between
cellular CDA activity and drug responses to cytarabine, ™27
However, correlation between plasma CDA activity and the
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Fig 2. Elfects of haplotypes *2 and *3 on the pharmacokinetic parameters of
gemcitabine. {A) Peak concentration (Co,,.) and (B} area under the curve (AUC)
were correcied assuming that all patients received 1,000 mg/m? of gemcitabine.
(C) Clearance {CUm?). Each point corresponds 1o an individual patient. The bars
denote the median values. P values are fram Dunn’s multiple comparison test.
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pharmacokinetics of gemcitabine has not been reported. Plasma
CDA activity may be a useful biotnarker 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
veported,® 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 pharma-
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 polymorphisims
and the pharmacokinetics of gemcitabine or toxicities. Depending on
the haplotype *3 harboring 208A, the metabolic clearance of gemcit-
abine decreased, and AUCand 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 onfy one
homozygous *3 patient was found in this study.
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Fig 3. Effects of haplotypes *2 and 3 on plasma cytidine deaminase {CDA)
activity toward gemcitabine and cytidine substrates. (A} Gemgitabine was used
35 a substrate, and (B) cytidine was used as a substrate. Each point corresponds

10 an individual patient. The bars denote the median values.

L]

Tabte 6. Pharmacokinetic Parameters of Gemcitabine and Plasma CDA Activities in the Patient Groups Categorized According to Diplotypes
Median Gemcitabine PK Parameters Median CDA Activity (units)
No. of Crnme AUC CL/m? No. of
Diplotype Patients (ug/mi) (hr-pg/mtb) (Uhr/m?) Patients Gemcitabine Cytidine
AR /A 148 22.81 9.96 100.30 63 6.26 5.54
A/ 69 23.57 an 103.00 25 6.81 5N
22 15 23.75 9.67 106.10 14 6.53 6.24
P value’ 0.52 0.46 0.99 0.47 0.19
31 13 30.02 12.83 77.93 13 2.99 3.07
~33 1 46.42 52.86 18.92 1 0.74 1.40
P valuet 5.94E-04 6.66€-13 7.77€-04 9.35€-05 2.45E-04
Abbreviations: CDA, cytidine deaminase; C,.,.. peak concentration; AUC, area under the curve; Ci/m?2, clearance.
*P value of a correlation test among 1/ 1, *¥/*2, and *2/*2. Multiplicity is adjusted by false-discovery rate.
1P value of a correlation test among *7/+1, *1/*3, and ~3/*3. Multiplicity is adjusted by false-discovery rate.
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Fig 4. Correlation between plasma area under the curve {AUQ) and cytidine

deaminase (COA) activity toward gemcitabine. AUC was coirected assuming that alf
patients received 1,000 mg/m? of gemcitabine. Tha inset exciudes the data obtained
from & homozygous *3 carrier. The correlation coefficient is ~0.31 when the
hemozygous *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 Between Two Patient Groups With and Without Haplotype *3

Incidence of Neturopenia (nadir)*

2 Grade 3 = Grade 41
No. of Total No. of No. of Total No. of AUCt
Chemotherapy Genotype Cases Patients Probabitity Cases Patients Probabifity {he-pgfml)
Monotherapy non *3/non *3 66 167 . 040 . R 67 0.05 9.91
non *3/*3 L6 LT T T L0807 U et T .10 0.10 13.13
P . o e o 0208 L E 0.514 0.0017
With fluorouracit non *3/non *3 3 12 0.25 2 12 0.17 8.11
non ‘3/'3 2 2 1.00 1 2 0.50 11.88
P 0.029 0.327 0.055
With carboplatin non *3fnon >3 .9 13 0.69 oA 13 0.08 9.87
non *33 3 73 100 2 3 0.67 12.48
P . . 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 0 1 0.00 1.7
*3/*3 1 1 1.00 1 1 1.00 52.86
P3 0.030 0.128 0.061

‘x’-test.
tKruskal-Wallis test.

Note. No analyses were performed in patients who received gemcitabine with vinorelbine, because
ingicates a statistically significant difference (P < .05).

1A P value for comparison between non*3/non*3 and (non*3/*3 + *3/'3).
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Background: The standard treatment of unresectable stage il 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 il non-smait cell lung cancer received nedaplatin
(80 mg/mz) and paclitaxel 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. Fulf 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 level 2 and one of the three patients in level
3. One DLT at level 2 developed later as radiation pneumonitis. Thus, the maximum tolerated
dose was determined to be level 1. The overall response rate (85% confidence interval) was
67% (41-87%) with 12 partiaf responses.

Conclusion: The doses of paclitaxel and nedaplatin could not be escalated as a resuit of
severe puimonary toxicity.

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

INTRODUCTION

Chemotherapy regimens used concurrently with thoracic

Locally advanced unresectable non-small cell lung cancer
{NSCLC), stage IIIA disease with bulky N2 and stage I1IB
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 III trials,
is the standard medical care for this disease (2-4).

For reprints and all correspondence: Ikuo Sekine, Division of Internal
Medicine and Thoracic Oncology, National Cancer Center Hospital, Tsukiji
5-1-1, Chuo-ku, Tokyo 104-0045, Japan. E-mail: isekine@ncc.go.jp

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-generation 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-0,0’-platinum 1I,
254-8) 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 fuli-dose thoracic
radiation, as shown in patients with esophageal cancer (11).
Paclitaxel is another promising drug for the treatment of
stage ITI 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 objectives of the
present study were primarily to evaluate the toxicity of neda-
platin, paclitaxel and concurrent thoracic radiotherapy and
determine the recommended dosc of these two drugs for a
phase II trial, and secondarily to observe the antitumor effect
of this regimen in patients with stage III 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 normial lung
volume receiving 20 Gy or more (V,p) (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 109/L), liver function (total bilirubin <
1.5 mg/dL and transaminase < twice the upper limit of the
normal value), and renal function (serum creatinine <
1.5 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, lung 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 dexamethasone, 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® (level 2), and 150 mg/m? (level 2). The
dose of nedaplatin was 80 mg/m? through the levels 1-3.

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 1 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
(GTV2) based on conventional chest X-ray and CT scans.
The clinical target volume (CTV) consisted of CTV1] and
CTV2, 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
only 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.

ToxiCrTy 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 1: 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 Dbilirubin > grade 2,
pneumonitis > grade 2, petipheral 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 dose of nedaplatin was reduced by 25% in all
subsequent cycles if the serum creatinine level was elevated
to 2.0 mg/dl 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: disease progression, any of the grade 4
non-hematological toxicities except abnormal electrolytes,
performance status of 4, patient refusal 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, Maxivum ToLeraTeD Dosg (MTD), anD RECOMMENDED
Dose For Puase II 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 initially enrolled at each dose level. If none to two of
the six patients experienced DLT, the next cohort of patients
was treated at the next higher dose level. If three or more of
the six patients experienced DLT, that level was considered
to be the MTD. The recommended dose for phase II trials
was defined as the dose preceding the MTD.

REsPonse EvaLuaTION

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

StuDY DESIGN, 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. Overzll susvival time and progression-free survi-
val time were estimated by the Kaptan—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 Ievel 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 because 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 treatment planning showed that the V5, exceeded 30%.
The patient did not receive the current treatment and was
excluded from the analysis. Thus, a total of 18 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).

Toxicity, DLT anp MTD

Hematological toxicity 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 1 min after the second
cycle infusion of paclitaxel, but soon recovered with fluid
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Table 1, Patient characteristics

Table 3. Toxicity in all patients

n (%)

Number of paticnts 18
Gender

male 14 (€3]

female 4 (22)
Age

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

0 11 (61)

1 7 (39)
Body weight loss

< 5% . 15 (83)

5-9% 2 (n

> 10% 1 6)
Clinical stage

A 10 (56)

HIB s (“4) .
Histology

adenocarcinoma ) 8 (44)

squamous cell carcinoma 6 33

non-simall cell, not specified 4 (22)

PS, perfarmance 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

Dosc level Level 1 Level 2 Level 3
{(n=0) (n=28) (n=4)

Number of chemotherapy cycles

3--4 5 4 2

2 | 3 1

1 0 1 1
Total radiation dose (Gy)

60 6 7

50-59 0 ! 0

NE 0 0 1
Radiotherapy delay (days)

0-4 5 7 2

5-9 i 0 i

NE 0 1 i

NE, not evaluable.
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Dase level Level | Level 2 Level 3
(n=6) (=8 (n=4)
Toxicity grade 2 3 4 2 3 4 2 3 4
Leukopenia 2 3 0 3 3 (4] H 2 1
Neutropenia 0 4 1 2 3 | 0 2 2
Anemia 0 o6 o0 2 0 o 2 0 0
GPT elevation i (] 0 2 0 0 0 0 0
Total bilirubin t 0 0 { 0o 0 1 0 0
clevation
Infection [ 0 0 | 1 0 0 0 0
Allergic reaction 1 0 0 2 0 1 0 0 0
Anorexia 1 0 0 2 0 0 0 [ 0
Nausea 0 0 0 1 [ 0 0 0 0
Constipation 0 0 0 2 0 0 0 [)] 0
Esophagitis T 0 o 2 10 0o o0 o
Preumonitis 0 0 i* H 0 i* [ 4]
M\'xsculoskcletal t 4] 0 f 0 0 { 0 0
pain
Alopecia 4 0 (4] 4 0 0 1] o] 0

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

radiotherapy and they died of the pneumonitis. The V,g 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 miid emphysematous, but no
interstitial changes. A spirometry analysis showed a vital
capacity (VC) of 3480 ml (104% of predicted), and a forced
expiratory volume one second percent (FEV1.0%) of 82%.
The lung diffusing capacity measurement using carbon mon-
oxide (DLcp) was not done in this patient. The PaO,
was 93.3 torr. The serum LDH level before treatment was
241 TU/I (the upper limit of the normal value was 229 IU/1).
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 was 111%, and
Pa0, was 99.7 torr. The serum LDH level before treatment
was 147 TU/I. Another patient in lovel 2, whose Vo and
MLD were 15% and 822 ¢Gy. 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 IU/L. Thus, in total three (17%) of
18 patients developed unacceptable severe pneumonitis
induced by the current treatment, 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 DLT's 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 1.

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
paclitaxe! 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 III NSCLC conducted in the USA,
where paclitaxet 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 /Il study of weekly pacli-
taxel, nedaplatin and concurrent thoracic radiotherapy for
stage TII 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 reasons 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-
lowed by concurrent chemoradiation therapy in patients
with stage III 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
amm (6). Thus, incidence of pneumonitis in patients receiv-
ing paclitaxel was reported to be the same as that for
other agents in.this setting. 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-fluorouraciti (500—1000 mg for 5 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
gefitinib-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
disease-modifying antirheumatic drug that exhibits anti-
inflammatory, antiproliferative and immunosuppressive
effects (22). Further studies are needed to define 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 V,, 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 fuily 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 comnion 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 illnesses 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 volume
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 [ study of
high-dose thoracic three-dimensional conformal radiotherapy
without elective nodal irradiation concurrently combined
with cisplatin and vinorelbine in patients with inoperable
stage III non-small cell lung cancer.

In conclusion, the doses of paclitaxe] 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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2Department of Medical Oncology, Kinki University School of Medicine, Ohno-higashi, Osaka-sayama, Osaka;
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Abstract. Background: The primary objective of this study
was Lo determine the mexivuun tolerated dose (MTD), the
toxicity profile and the reconunended dose (RD) for phase II
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 fised oral dose of 80 mgim* S-1 was
given for 3 weeks. Docetaxel was infused intravenously on day
{, 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 newtropenia). The
pharmacokinetic study suggested no drug interactions. Overall
response and disease control rates were 20% and 80%,
respectively. The response rate at the RD (level 2) was 50%.
Qverall survival was 9.4 months. Conclusion: RD was level 2
(80 mgim? of §-1 for 3 weeks and 20 mghn? of docetaxel on
day 1, 8 and 15, every 5 weeks). Dose intensities of §-1 and
docetaxel were 48 mglm?iweek and 12 mg/m?iwecek,
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 discase, both of which are
incurable, and carrics a dismal prognosis with a short
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median survival. The one year sutvival rate is approximately
50% in stage 111 gastric cancer patients, and 25% in slage
V. Although gastric cancer has been regarded as a resistant
tumor, several clinical trials have rcvealed that some
chemotherapeutic agents arc cffective. 5-Fluorouracil (5~
FU)-contaiping regimens are considered as standard
chemothcrapy becausc 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, 5-FU/doxorubicin/mitomycin (FAM)
(5), S5-FU/doxorubicin/methotrexate (FAMTX) (6).
ctoposide/doxorubicin/cisplatin  (EAP)} (7), epirubicin/
cisplatin/5-FU (ECF) (8), 5-FU/doxorubicin/cisplatin (FAP)
(9) and 5-FU/cisplatin (FP) (10, 11) were reported in the
treatment of gasiric 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 canccr, development of novel
agents and combinations which have higher aatitumor
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
dchydrogenase, which reduces the degradation of FU and
allows efficacious concentrations to enter the anabolic
pathway. The diarrheagenic property of FU is a result of its
phosphorylation in the intestine, primarily by orotate
phosphoribosyltransferase (OPRT). Oxo is a competitive
inhibitor for OPRT. Thus, the protective effect of Oxo is
due to its ability to reduce phosphorylation of FU. Thus,
one component of S-1, CDHP, reduces the degradation of
cytotoxic FU, and another componcnt, Oxo, potentially
reduces its GI toxicity. Phase [1 studies of S-1 monotherapy
in patients with advanced gastric cancer showed an overall
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response rate of 26-49% with the most relevant side-effects
being (fatigue, diarrhca 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 ratcs.

Docetaxel is a semisynthetic taxoid which enhances
microtubule assembly and inhibits 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 docetaxcl with 5-FU (24), capecitabine (25,
26), irinotccan (27) and cisplatin (28) have demonstrated
high efficacy. The triplet combination of docetaxel/cisplatin
and 5-FU has significantly prolonged overall survival
compared to cisplatin plus 5-FU (29). Thus, docetaxel is one
of the key drugs playing an integral part in routinc
combination regimens against gastric cancer.

Bascd on the clinical activity of both docetaxel and S-1,
aad the fact that therc is no cross resistance or syncrgistic
anti-tumot cffect 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 dosc of docetaxel was 40 mg/m? on day 1, in
combination with S-1 80 mg/m? on days 1-14, cvery 3-4
weeks. The tolal dose of docetaxel was restricted by
ncutropenia, with around 70% of patients having grade 3 or
4 neutropenia (33). The rcal dose intensities of S-1 and
docetaxel were around 40 mg/mweek and 10 mg/m2weck,
respectively. A weekly administration schedule of docetaxel
has been reported as a safe and effective treaiment for
advanced gastric cancer (26, 36, 37). The aims of the present
study were to determine the maximum-tolerated dose
(MTD) of docetaxel with weekly administration in
combination with S-1 in order to achicve higher dosc
intensitics of both drugs with a feasible toxicity profile and
to establish the recommended dose (RD) for Phase 11 trials.

Patients and Metheds

Eligibility criteria. Patients, aged 20 to 75 years, with at teast onc
measurable lesion of pathologically proven inoperable or recurrent
gastric cancer were enrolled. lnopcrability was determined on the
basis of clinical cvaluation, radiological imaging, laparoscopy or
laparotomy with failed rescction. Patients who had no more than
two previous treatmoent regimens not including taxanes (docetaxel
or paclitaxcl) or $-1 werce cligible.

Other eligibility criteria were: Eastern Cooperative Oncology
Group performance status 0 or 1; estimated life expectancy of at
least 3 months; adequate renal function (serum creatinine <1.5x
upper limit of the reference range (ULN)), adequate hepatic
function (scrum bilirubin <1.5%x ULN; transaminases <2.5x ULN)
and adecquate hematological function (hemoglobin >8 g/di,
tcukocytes >4,000/uL. and thrombacytes >100,000/iL). No other
anti-tumor therapy was allowed 28 days prior to (recatment
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Tablc 1. Patient characteristics.

Characteristics Number of paticats

Number of paticnts (cvaluablc) 14

Age, years; median (range) 61 (31-76)
Gender
Male 11
Female ’
Performance status (ECOG)
0 2
1 12
Histology
Not assessable 2
Well-differentiated
Moderatcly diffcrentiated
Poorly differentiated
Extent of discase
Primary sitc only
Primary and metastatic sites
Metastasis only
Previous trecatment
Nonc
Surgery alone
Surgery and adjuvant chemotherapy
Surgery and intra-peritoneal chemotherapy
Systcmic chemotherapy alone
Intra-peritoneal chemotherapy alone

D D

WD N

—_——— N YN

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

Main exclusion criteria were follows: pregnancy or breast
fecding, symptomatic infectious disease, pulmonary fibrosis or
interstitial pncumonia, grade 3 or severc hemorrhage/leeding,
grade 2 or scverc peripheral neuropathy, symptomatic peripheral
effusion or ascites, past history or allergic reaction to polysorbatce
80, obstructivc bowel diseasc or scverc diarrhea, congestive heart
failurc, uncantroiled angina pectoris, or arrhythmia, uncontrolled
diabetes or hypertension, symptomatic brain metastasis and active
concomitant malignancy.

Paticnt characteristics are given in Table 1. This was a phasc I
study, conducted at the Department of Medical Oncology, Kinki
University, Japan. This study was approved by the institutional
review hoard of Kinki University and all paticnts provided written
informed consent.

Dmug administration. Paticnts received a dose of intravenous docetaxel
administercd as a 6) min infusion on day 1, 8 and 15, and oral S-1
administered at a fixed dose of 80 mg/m¥/day on days 1-21, every 5
weeks (Figure 1). Patients were treated for at Jeast two cycles unless
disease progression or unacceptable toxicily was obscrved. The initial
starting dose of docetaxel was 15 mg/m? (fevel 1) (Tabic I1). Dose
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Figurc 1. Treatinent schedule of combination therapy with S-1 and docetaxel, Administration of $-1 80 mglm2iday orally from day 1-21. Administration
of docetaxel was given by drip infusion within 60 min. on day 1, 8 and 15. At all dose levels, the administration cycle was repeated evesy 5 weeks.

escalation was conducted in increments of 5 mg/m2 up to 25 mg/m?
(level 3). No intra-individual dose escalation was performed. Docetaxel
was only administercd on day § and 15 il WBC and platelets were
>2,000/! and >75,000441, respectively, with non-hematological toxicity
<grade 3 and allergic reaction/ AST/ALT/preumonilis <grade 2. In
case of grade 3 ncutropenia or thrombocytopenia, or grade 2 diarrhca
or mucositis, S-1 administration was interrupted until recovery. Paticnts
were not atlowed to escalate or reduce the dose of S-1. If any DLTs
were obscrved, docetaxel was reduced once by one dose level for
subscquent courses.

DILTs and MTD. Toxicitics were cvaluated according to the
National Cancer Institutc Common Toxicity Criteria (NCI-CTC)
version 2 (38). DLTs were defined as follows: (a) grade 4
ncutropenia lasting 5 days or longer; (b) {cbrilc ncutropenia (grade
3 or 4 ocutropenia with fever (238.5°C)); (¢) grade 4
thrombocytopenia; (d) grade 3 or 4 non-hcmatological toxicity
except for nausca, vomiting, anorcxia and gencral {atiguc; (¢)
failurc to administer docetaxel on day 8; (f) failure to administer
docetaxet on day 15, even if postponed for onc weck; and (g)
failure to administer S-1 for 14 days continuously during trcatment.

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

Evaluation during therapy. Hematological and biochcmical tests,
performance status and clinical assessment of symptoms were
monitored at lcast cvery week. Tumor response was assessed
according to thc Responsc Evaluation Criteria in Solid Tumors
(RECIST) (39). All partial or complcte responscs were confirmed
for a minimum of 4 weeks. Paticnts were considered cvaluable for
responsc if they received at least one complete cycle of therapy,
unless trcatment was stopped duc Lo carly toxicity. Time to
progression and overall survival were estimated using the Kaplan-
Mecier method.

Phanmacekinetics. 'The pharmacokinetics of docetaxed and S-1 were
studied during the first cycle of therapy. For docetaxc), S ml blood
samples were taken from cach paticnt at the following time-points:
prior to trcatment, 30 min into the drug infusion, at the end of
docctaxe} infusion, and 30 min, t h 25,3 h, 4 h, 7h and 24 h after
the end of the infusion. For S-1, 5 mi bload samples were taken
[rom cach paticnt al the following time-points: prior to dose, and

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

Level { 2 3
Dosc of docctaxel (mg/in?) 15 20 25
Dosc of $-1 (mg/m?) 80 80 80
Number of patients 3 6 5
Mcdian number of 229 2 (2-5) 1(1-2)
courscs (range)

Number of paticnts with any 03 16 35
DL T/Number of paticnts

ANC: <500/mm? for >5 days 0 0 yi
Febrile neutropenia Q 18 2
QOther grade 3-4 0 13 b
nonr-hematological toxicity

Inability to rececive 0 0 ¢
docetaxel on day 8 or day 15

Inability to reccive $-1 0 0 0

morc than 14 days

ANC: absolutc neutrophil count; "Same paticnt with grade 3 diarrhea
with febrile neutropenia; YAl patients with grade 3 stomaltitis; €Due 10
neutropenia.

1 h,2h,dh, 8hand 24 h after dosc. Initial administration of S-1
was started at 8 h after the cnd of docetaxel infusion on day 1. To
evaluate drug-drug interactions between docetaxel and S-i, the
pharmacokinetic analysis of docetaxel was conducted on day 1 and
day 8, and that of S-1 was conducted on day 7 and day 8. Oo dayl
only, S-1 was administered in the cvening, after the blood
correction for pharmacokinetic analysis of docetaxel at 7 h after
infusion. All blaod samples werce centrifuged immediately and the
separated plasma samplces were frozen at —20°C until analysis. The
plasma samples were thawed at ambient temperature, then
vortexed and centrifuged for 5 min at 3,000 cpm to remove fibrous
malcrials. Pharmacokinclic analysis for docctaxct was performed
according to Yoshida e al. (34). Pharmacokinctic analysis for S-1
was carried out as described elsewhcre (17).
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