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Pharmacokinetics of Gemcitabine in Japanese

Cancer Patients: The Impact of a Cytidine

Deaminase Polymerphism

Emiko Sugiyama, Nahoko Kaniwa, Su-Ryang Kim, Ruri Kikura-Hanajiri, Ryuichi Hasegawa, Keiko Maekawa,

Yoshiro Saito, Shogo Ozawa, Jun-ichi Sawada, Naoyuki Kamatani, Junji Furuse, Hiroshi Ishii,
Teruhiko Yoshida, Hideki Ueno, Takuji Okusaka, and Nagahiro Saijo

Purpose

GerrEwcitabine 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).

Results

Twenty-six -genetic variations, -including 14 novel ones and two known nonsynonymous single
‘nuclectide -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 a nonsynonymous SNP, 208G>A (Ala70Thr), -decreased clearance of
gemcitabine, and .increased .incidences of .neutropenia when patients were coadministered
platinum-containing drugs or flucrouracil.

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,”®

Gemcitabine (2',2'-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 gener-
ally been accepted as a standard chemotherapeutic
agent for advanced pancreatic cancer.

where it is phosphorylated to its monophosphate
form by deoxycytidine kinase. Gemcitabine triphos- -
phate, an active form of gemcitabine, is incorpo-

~rated into an elongating DNA strand, and is

followed by the addition of another deoxynucle-
otide that leads to the halt of DNA synthesis.®*°
Another mode 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’-difluorodeoxyuridine (dFdU)

information downloaded from jco.ascopubs.ofg and provided by KOKURITSU GAN CENTER on March 25,2008 from .
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CDA Polymorphism

and Gemcitabine PK

Table 1. CDA Haplotypes

Estimated in This Study

Region 5'-Flanking Exon 1 (5-UTR

} Exon 1 { intron 1 Exon 2 Intron 2

SNP ID CDAOQO1 CDAQ02 CDAQ03 CDAOD4 | CDAOO5

CDAQO7 | CDAOOS | CDAD10 | CDAO11 | CDAD12 | CDAD14 | CDAO16 CDAO1?

Nucleotide change —451C>T | —205C>G | ~1B2G>A | -116G>A | -92A>G

vs2
+87_+88
insTCAT

-33_-31
delC

IVSI+37
G>A

IVS2+242
A>G

IVS2+296

>
79A>C TA

208G>A | 210T>C

Amino acid change

Lys27Gin Ala70Thr | Ala70Ala

Haplotypes

Other *1

*2a

*2b

*2c

*2d

Other *2

*3a

*3b

{continued of

NOTE. The haplotypes were described as a.number plus a small aiphabetica! letter.-Four single nucleotide polymorphisms (SNPs) (CDA006, 008, 013, 015) were
found only in the very rare ambigucus * 7' haplotypes. Since these ambiguous haplotypes were grouped and described as “Other *71” in this table, the four SNPs are
not shown in the row of nuclotide change. White, major allele; gray, -minor allele.

n-next page)

by cytidine deaminase (CDA),” and most of an administered dose is
recovered-as dFdU in the urine.'> CDA is expressed at varying levels in
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 (Lys27GIn) and 435T>C
(Thr145Thr), have been discovered in CDA, the CDA-encoding gene
in humans.'>'¢.The 79A>C SNP reportedly reduces the deamination
activity (maximum velocity/Km) toward 1-beta-D-arabinofuranosyl
cytosine (cytarabine),'® and increases Km toward gemcitabine,'” in
vitro. A recently discovered third SNP, 208G>> A (Ala70Thr) displayed
a decrease in deamination activity of 60% for cytidine and 68% for
cytarabine when introduced into a CDA-null yeast strain.'*

Toxicity of gemcitabine is generally mild,'**° but unpredictable
severe toxicities such as myelosuppression are occasionally experi-
enced.?"*? Qur previous case report described a patient with homozy-
gous 208A alleles of the CDA gene who showed severe adverse
reactions with increased plasma gemcitabine levels.”> In addition,
there has been controversy over the relationship between cellular CDA
activity and the clinical effects of cytarabine.”**’ This study examined
the relationship between CDA polymorphisms, and the pharmacoki-

www.jco.org

netics of gemcitabine, plasma CDA activity, or adverse reactions in
Japanese cancer patients.

Gemcitabine and dFdU for analytic standards were supplied by Eli Lilly Japan KK.
(Kobe, Japan). Tetrahydrouridine, 3'-deoxy-3’-fluoro-thymidine (3'-dFT), cyti-
dine and uridine (Sigma-Aldrich Chemical Co, St Louis, MO) were purchased. All
other chemicals were of highest grade available.

Patients

The participants in this study consisted of 256 Japanese patients with
carcinoma, including six patients described in a previous report,? at the
National Cancer Center Hospital (Tokyo, Japan) and National Cancer Center
Hospital East (Kashiwa, Japan). Two hundred fifty-one patients received a
30-minute intravenous infusion of gemcitabine at a dose of either 800 or 1,000
mg/m?, and five patients received a fixed dose-rate (10 mg/m*/min) infusion
ata dose between 1,000 and 1,500 mg/m?. The eligibility criteria for the study
were as previously reported.” The ethics committees of the National Cancer
Center and the National Institutes of Health Sciences approved this study.
Written informed consent was obtained from each participant,

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on March 25, 2008 from .
Copyright © 2007 by the American Society of Clinical Oncology. All rights reserved.
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Table 1. CDA Haplotypes Estimated in This Study (continued)

Intron 3 Exon 4 Exon 4 (3'-UTR)
CDAO18 CDAO19 CDA020 CDAO21 CDAQ22 CDAO23 CDAO24 CDAQ25 CDA026
vs3+71 | _ 19';' s3 jea | vs3s6 | vs33e | wsazs | .. . | si0re (,?392-',5?:7) ('37365)
T>C in s_Alu G>A G>A C>T G>T in; c ASG
Thr145Thr
No. ‘Frequency
175 0.342
63 0.123
52 0.102
17 0.033
13 -0.025
12 0.023
12 0.023
" 1 0.021 0.756
8 0.016
5 0.010
4 0.008
4 0.008
2 0.004
1 0.002 |
8 0.016
84 0.164
1 0.021 |
5 0.010 0.207
3 0.006
3 0:006
18 0.035 0.037
1| o002
512 [ 1.000 1.000

Monitoring and Toxicities .

A complete medical history and data on physical examinations were
recorded before the gemcitabine therapy. CBC and platélet 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 (approximately 800 base pairs
[bp] from the translation initiation codon) of CDA were amplified from
100 ng of DNA extracted from peripheral blood, and sequenced along both
strands. Polymerase chain reaction (PCR) primers?® and sequencing and PCR
conditions®® were described previously. For detection of an approximately
300-bp Alu insertion (IVS3-194_-193insAlu), PCR was performed using a
specific primer set (5'- TTGTCATAGCAGAAGGAGGTT-3' and 5'- TCAG
CTCTCCACACCATAAGG-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 Information,
Bethesda, MD) was used as the reference sequence.

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

k]

‘types were unambiguously assigned from subjects with homozygous varia-
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 inferred in single
subjects were gathered as the groups “Other *1” and “Other *2” in Table 1.

Pharmacokinetic Study

‘Five patients with fixed dose-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 blood was also sampled for pharmacokinetic analysis
before the first gemcitabine administration, and at 0, 15, 30, 60, 90, 120, and
240 minutes after the termination of the infusion. Fifty microliters of 1%
tetrahydrouridine was immediately added to these samples to prevent ex vivo
deamination. Plasma levels of gemcitabine and dFdU were determined using
the high-performance liquid chromatography method previously reported.”
The area under the curve (AUC) and mean residence time from 0 to infinity,
peak concentration (C_,,,), clearance (CL/m?) and distribution volume based
on the terminal phase (Vz/m?) were calculated using WINNonlin (Scientific
Consultant, Apex, NC) version 4.01 (Pharsight Corporation, Mountain View,

JOURNAL OF CLINICAL ONCOLOGY
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CA). AUC and C__, were corrected 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 or dFdU for cytidine] were added to
the mixtures 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 dFdU 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 Inc, 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-tailed 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 were 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 in 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 tobe homozy-

gous for the 208A polymorphism. A novel insertion of an approx-
imately 320-bp Alu element (IVS3-194_-193insAlu) was newly
found in intron 3.

The detected variations were -used to analyze LD (Fig 1). Four

novel variations (IVS3-56G>A, IVS3-36G>A, 1VS3-23C>T and

‘Table 2. Variations of the CDA Gene Found

SNPID Position
From the Translational
NCBI “Initiation Site or From Nucleotide Change and Flanking Aliele
This Study (dbSNP) JSNP Location NT_004610.17 the Nearest Exon Sequences {5’ to 3°) Frequency
532545 JS 'T|M$7; “Flanking™ .7 3739514 - . | .. .~481%"7 . 71 TGCCTCCTGCCTC/TGGGATGCCGCAG 500499 -
L ISTOOBTE s e e T T AT R RTIC
MPJ6_CDAODZ  rs603412 ’STiMSB-7 o 5"-Flanking 3739760 -205¢ CACACGTAGGCAC/GTGTCTTACACCA 0.266
JSTOC
MPJB_CDAQD3: ;1512726436 - 1§ Flanking 8739783 * -182¢7 171 ¢ CACACCTGCTGAG/ATCCAAACCATGG ... o 0.061,:
MPJI6_CDAQ04" -Exon 1 3739849 -116% CTGAGAGCCTGCG/AGTCTGGCTGCAG 0.059

) (5-UTR)

MPJ6_CDAGOS 3739873'- o GGACA(;AcCCMGGGGAGGAGCT 5 ¢

MP.

GGGGAGGAGCT/C

(5" -UTR)
MPJ6_CDAQO [ Exona S
MPJ6_CDA . BHUTR)
Exon 1
&-UTR)

- Exon1’ !

" GCTCCTGTTTCCC/-GCTGCICT! CTG A

MPJ6_CDAO0S* 3739957 TGCCTGCCCGGGG/ATACCAACATGGE

- MPss

. VCAGGAGGCCAAGAﬁAGTCAlGC‘(;TACT; K

':.3740043 0 T T 79% ]

'MPJG_CDAOTD  rs12059454 inron 1 3740158 T ve1437

CCCAGCCCAGCAG/ACCTGGGTGGTGG
MPJE_CDAQT1E .. " -Exon 2. - 3756816 1 ;. F 20881 .0 T . GCTGAACGGACCG/ACTATCCAGAAGG ™ Ala70Thr: . " 0.037 "
MPJ6_CDA012" Exon 2 3756818 210¢ TGAACGGACCGCT/CATCCAGAAGGCC  Ala70Ala 0.004
MPJ6_CDAQ13" . Cinton2 .. -...3756932 AVS2+587. - & - .GCCAACATCTTCC/TTTACACATATTA . - = 4 s = 10.002 %
MPJ6_CDADY4 Intron 2 3755961_3755962 IVS2+87_+88 TCATTCATTCAT-/TCATCTGACATATGTT 0.135
MPJE_CDAO1S" . : ‘intron'2. : . 3756043 . IVS2+469" =’ . ATAAGGAGATAAA/GTAAGAAATGGAG . . + :7.":= 0.002 -
MPJ6_CDAQ16  rs10916825 Intron 2 3756116 VS24242 CATACAAGGGCCA/GGTATGCCCCTGT 0.289
MPJ6_CDAO17.  rs818194, :: = . "~ Inton2 .. ° - 3756170 1VS24296-.. -~ GTCCTACAAGATI/ATAACAGAAAGGC .. =--= L = . 0217 "
MPJ6_CDAD18  rs3738130 1 Tigggw Intron 3 3764805 IVS3+71 AGCCACGCCAAGT/CTGCAGGCATGGC 0.053
MPJ6_CDAD1G" =~ - | ! Cir T eintron 3. ¢ ) 3769093 3769084, IVS3-194_2193- 7 - - CTGTTCAGTTTC/{AI)SACAGCATTCTTTY @ . ="/ --0.293" %
MPJ6_CDA020" Intron 3 3769231 IVS3-56 CAGACCCAGTCCG/ATCTCAGCCCCCT 0.293
MPJ6_CDAD21™ * " “oeintron i 7 :.°3769261 -1 - .. < IVS336 - ;- CCCCTCAGCCACG/ACTGTGTCTCTCA™ “.: < ™ .<™''7 0283
MPJ6_CDAD22" Intron 3 3769264 IVS3-23 CTGTGTCTCTCAC/TGCCAGCTTTGCC 0.293
MPJ6_CDAQ23t 517846527 Exon 4’ . 3769397 435% - . -CCTGCAGAAGACC/TCAGTGACAGCCA . - Thri45Thr ~ - 0.293
MPJ6_CDA024" Ext(:)aq ﬁm) 3769472 510 (*69)¢ CTCACAGCCCTGG/TGGACACCTGCCC 0.002
MPJB_CDA025" . Exg\_ -fma)' 3769599_3769600  637_638 (*196_197)¢ . ACCGCCGCCCCC./CTGCCCCACCTIT - . 0293
MPJ6_CDA026" Exgg GTR) 3769638 676 (2354 GGGCCCTCTTTCA/GAAGTCCAGCCTA 0.010

“Novel variations detected in this study.

tYue et al.’® :

1A of the translation initiation codon ATG is numbered 1, and the number with * in parentheses indicates the position from the termination codon TGA.

§The sequence of the Alu insertion was as follows: 5' - (TINGAGACGGAGTCTCGCTGTCGCCCAGGCTGGAGTGCAGTGGCGCAATCTCGGCTCACTGCAGGCTCCG
CCCCCTGGGGTTCACGCCATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGACTACAGGCGCCCGCCACCTCGCCCGGCTAATTTTTTGTATITTTAGTAGAGACGGGGTT
TCACCGTGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCGCCCGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCCGGCCCACTG
TTCAGTTTC-3' {n = approximately 25).

www.jco.org 35

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



Sugiyama et al

-4510>T
-205C>6 E_
-1826>A
-1166>A
92056 L=
-81T>C
-33_-31delC |- Ji.
-86>A
79A>C W& <]
IVS1437G>A
208G>A
210T>C
IVS24+58C >T
IVS2487_+88insTCAT i
IVS2+169A>6
V824242756

]
[N
N

%
55

fan
il
Pl

IVS2+4296T>A .22
IVS3+11T>C ke

Fig 1. Linkage disequilibrium {LD) among
26 CDA variations. -Pairwise LD as r? (from
0 to 1) is expressed as 10-graded blue
color. The density of the blue color in-

creases with higher linkage rates.

IVS3-194_-193insAlu |$:] <1 ~
IVS3-56G>A |7

51

IVS3-36G>A

o)
7o
B
e

VS3-23C>7

.
i~ =
]

435051 |15

#69G>T

g
1§

#196_#197insC |2{F

T

*2358>6 | | |

v<9z8l-
v<holi-
9<VvI6-
J<dis-
Jleplg-Tge-
V<9802

V<9LE+ISAI
Lud1suigs+ L8+ZSA|

1< JB5+ZSA
D<VE9L+ZSA
9<VZHZ+ISA

V<196Z+ZSA

JI<LLLFESA
L1<DEZ-ESA
1<355Y
1<969%
sul6LE96L¥ [ |
9<yuiLx

NIYSUIESL- v61-ESA
V<D9S-ESA

V<D9E-ESA

*196_*197insC), the Alu element insertion and a known SNP
435C>T (Thr145Thr) showed complete linkage (Fig 1) with a fre-
quency 0f0.293. Strong LD (r* = 0.93) was also observed among SNPs
—451C>T, —92A>G, and 79A>C. Note that moderate linkages
(P = 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 *1a (frequency, 0.342), followed by *2a (0.164),
*1b (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 are 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 effects of age and sex on pharmacokinetic parameters are
summarized in Table 4. Vz/m? was significantly higher in males than
in females, even after adjustments for their body surface areas (Mann-
Whitney P = .0031). The C,,.,, AUC, CL/m’, and Vz/m? of gemcit-
abine showed significant correlations with age (P < .0001 for all
parameters). Values of any clinical tests, including creatinine concen-

36

tration, did net 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 parameters and genetic groups.

The relationships between the diplotype groups and the phar-
macokinetic 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 (x* 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 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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Table 3. Characteristics of Patients Recruited to Pharmacokinetic
Studies (N = 250)

Characteristic

Sex .
Male
- Female
Age, years
Mean

Weight, kg
Mean

* Performance statt
st

" Primary tumor
Pancreas 205
Lung 38
Mesothelium 7

S 1000 ¢

T 800 7

Regimen
Gemgcitabine alone 180
Gemcitabine-based combination
Cisplatin
Carboplatin
Fluorouracil
Vinorelbine ditartrate

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

cytidine (43.04 and 29.04 units, respectively; far higher than the 99%
upper confidence limits of plasma CDA activities for the *1/*2 group)
was excluded as an outlier from the following statistical analysis, al-
though his pharmacokinetic parameters were quite normal.
Haplotype *2 failed to show any significant effects on the
plasma CDA activities toward both gemcitabine and cytidine. On
the other hand, activity decreased depending on the number of
haplotype *3 (Table 6; Fig 3). The plasma CDA activities in the

‘homozygous *3 (208A) patient were 12% (gemcitabine) and 25%

(cytidine) of the median activities for the *1/*1 patients. As shown in
Figure 4, a statistically significant correlation between the plasma CDA
activity toward gemcitabine and the AUC values of gemcitabine was
observed (r = —0.30; P = .0009). However, the correlations were
not remarkable.

Effect of Haplotype *3 on Toxicities

Then, associations of haplotype *3 with toxicities were analyzed.
Nadir grades of neutrophil counts were compared between the patient
groups with and without haplotype *3 under the individual therapeu-
ticregimens. As shown in Table 7, there were no significant differences
in incidences of grade 3 or higher neutropenia between the two groups
under the gemcitabine monotherapy. However, when gemcitabine
was administered with carboplatin, cisplatin, or fluorouracil, grade 3

-orhigher neutropenia was more frequently ebserved in the haplotype

*3-bearing group than in the group without haplotype *3. The in-
creases in incidences were statistically significant. AUC values were
also increased in the group with haplotype *3 under concomitant
therapeutic regimen as under the monotherapy. '

The pharmacokinetic parameters summarized in Table 4 showed
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 creatininelevel and gemcitabine clear-
ance. Therefore, the aging effect on gemcitabine clearance is likely to

tesult from a decrease in distribution volume or liver function. It is

Table 4. Effects of Patient Background Factors on Pharmacokinetic Parameters of Gemcitabine
Conax (ng/mL) AUC (hr - pg/mL) CL/m? {Lhr/m?) Vz/m? (Um?)
1/4-3/4 1/4-3/4 1/4-3/4 1/4-3/4
Factor Median Quantiles Median Quantiles Median Quantiles Median Quantiles
- Male | S0 233 184261 ° - 99 . 86118 " 1003 8371159 - . 3613520 -
. Female 240 198288 - . 102 - . 90115 97.6 86.1-111.2 ., 327435
"Mann-Whitney- U "~ NS o : NS ’ CUNS L i P < .005 )
test : : Con - : : -
Age
Spearman r 0.32 0.39 -0.39 -0.39
P value < .0001 < .0001 < .0001 < .0001
Abbreviations: C,..,. peak concentration; AUC, area under the curve; CUM?, 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. Pharmacokinetic Parameters of Gemcitabine in Patients With Various CDA Diplotypes
Median Gemcitabine PK Parameters
No. of Crnax AUC Cum? MRT AUC Ratio

Diplotype Patients (ng/mL) (hr - pg/mL) {L/hr/m?) {hours) (dFdU/gemcitabine)
*1af*1a T " 30 . 2240 ~L10.54 9424 =~ 0.37 ) . 8.86
*1a/*1b 17 22.75 10.08 97.91 0.35 9.08
*1b/*1b - - 6 - .. 2081 - : 9819 108.60 . 036 © L 9.19

P value® 0.82 0.40 059 0.97 0.83
T*1at1e. L 23 .23.23. -..10.87 94.31 0.35. L 873

g~ 1c 1 25.84 16.62 60.16 0.55 8.40
Puvalug® ™. T .0.77. - - ST 087 C 084 -7 097 B susr 083
*1a/*1d 7 22.05 9.07 108.30 0.36 9.04
Mdrid o A R 1.26.43 Do T 999 .- 10010 . 031 - T v [

P value® 0.82 0.45 0.90 0.86 0.57
*2a/*2a A 8 + 12384 i o934 ©107.20 - <0 033 . . 870
*2al*2b 4 23.02 9.78 100.13 0.38 8.59
[*28*2c . T r T2 v wano B0 s e 0922 26300360 - T L 1099 - .
P valuet 0.66 0.98 0.76 0.077 0.46
Abbreviations: PK, pharmacokinetics; C,... peak concentration; AUC, area under the curve; CL/m? clearance; MRT, mean residence time; dFdU,
2’,2'-difluorodeoxyuridine.

“Pvalue of a correlation test among *1a/*1a, *1a/(*1b, *1c, or *1d), and (*1b, *Ic, or *1d)/(*1b, *1c, or *1d). Multiplicity is adjusted by false-discovery rate.
1P value of a Kruskal-Wallis test among *2a/*2a, *2a/*2b, and *2a/*2c.

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
27GlIn 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 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 genetic 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 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 vivo 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

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, 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 life-threatening severe toxicities 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 nohaplotype *3 (Table 6). This finding coincides with
thelack 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 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, wasreported 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 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. 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/m? of gemcitabine.
{C) Clearance (CL/m?). Each point corresponds to an individual patient. The bars
denote the median vatues. P values are from Dunn’s multiple comparison test.

www.jco.org

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 low 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 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 polymorphisms
and the pharmacokinetics of gemcitabine or toxicities. Depending on
the haplotype *3 harboring 2084, the metabolic dearance 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 patient was found in this study.
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Table 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 Crnax AUC CUm? No. of
Diplotype Patients {(pg/mL) (hr-pg/mL) {(Lhr/m?) Patients Gemcitabine Cytidine
ht/A 148 22.81 9.96 100.30 63 ©6.260 554 -
*2/*1 69 23.57 9.71 103.00 25 6.81 5.71
S *2P2 . - 15 2875 . ¢ 9.57 106.10 14 . 653 6.24
P vatue* 0.52 0.46 0.99 0.47 0.19
31 . 03 30.02. Tt .1283 - L 77,93 13- -, 299 3.07
*3/3 1 46.42 52.86 18.92 1 0.74 1.40
P valuet . ©....BO4E-04: - - L7 BEBEN3 . T 7 777804 -] 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 *1/*1, *1/*2, and *2/*2.-Muttiplicity is adjusted by false-discovery rate.
tP 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 3. Effects of haplotypes *2 and *3 on plasma cytidine deaminase (CDA)
activity toward gemcitabine and cytidine substrates. (A} Gemcitabine was used
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to an individual patient. The bars denote the median values.

40

Fig 4. Correlation between plasma area under the curve (AUC) and cytidine
deaminase (CDA) activity toward gemcitabine. AUC was corrected assuming that all
patients received 1,000 mg/m? of gemcitabine. The inset excludes the data obtained
from a homozygous *3 carrier. The comelation 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 Between Two Patient Groups With and Without Haplotype *3

Incidence of Neturopenia (nadin)*

—hon '.';'/hon- "5
non *3/*3

With fluorouracil

‘With carboplatin’

non *3/non *3
non *3/*3
!3/.3
P3

With cisplatin

' = Grade 3 = Grade 4
No. of Total No. of No. of Total No. of AUCt
Chemotherapy Cases Patients Probability Cases Patients Probability {hr-ug/mL)
Monotherapy ' ~8 T 991 .
L 513430 -

1 1.00 0
1 1.00 o1
.0.030

! 00017,
8.11

1 0.00
1 1.00
0.128

*x2-test.

TKruskal-Wallis test.

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

1A P value for comparison between non*3/non*3 and (non*3/*3 + *3/*3).

only one patient ‘bore the haplotype *3. Boldfacing
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Background: To compare the efficacy and toxicity of three platinum-based combination regimens against cisplatin
plus irinotecan (IP) in patients with untreated advanced non-small-cell lung cancer (NSCLC) by a non-inferiority design.
Patients and methods: A total of 602 patients were randomly assigned to one of four regimens: cisplatin 80 mg/m?
on day 1 plus irinotecan 60 mg/m? on days 1, 8, 15 every 4 weeks (IP) carboplatin AUC 6.0 min x mg/mL (area under
the concentration—time curve) on day 1 plus paclitaxel 200 mg/m2 on day 1 every 3 weeks (TC); cisplatin 80 mg/m?
on day 1 plus gemcitabine 1000 mg/m? on days 1, 8 every 3 weeks (GP); and cisplatin 80 mg/m? on day 1 plus
vinorelbine 25 mg/m2 on days 1, 8 every 3-weeks (NP).

Results: The response rate, median survival time, and 1-year survival rate were 31.0%, 13.9 months, 5§9.2%,
respectively, in IP; 32.4%, 12.3 months, 51.0% in TC; 30.1%, 14.0 months, 5§8.6% in GP; and 33.1%, 11.4 months,
48.3% in NP. No statistically significant differences were found in response rate or overall survival, but the non-
inferiority of none of the experimental regimens could be confirmed. All the four regimens were well tolerated.
Conclusion: The four regimens have similar efficacy and different toxicity profiles, and they can be used to treat
advanced NSCLC patients.

Key words: carboplatin, cisplatin, gemcitabine, irinotecan, non-small-cell lung cancer, paclitaxel, randemized-phase
Il study, vinorelbine

introduction chemotherapy, and doublets of platinum and new-generation
anticancer agents are considered standard chemotherapy
regimens for advanced NSCLC, although no consistent standard
regimens have yet been established [8-17].

Two phase 111 studies comparing cisplatin plus irinotecan (IP)
with cisplatin plus vindesine for advanced NSCLC have been
conducted in Japan [18, 19]. Fukuoka et al. [20] reported the
results of a combined analysis of the 358 eligible stage IV.
patients in these studies. They carried out a multivariate analysis
using the Cox regression model with adjustment for well-known
prognostic factors, and the Cox regression analysis
demonstrated that treatment with IP was one of significant
independent favorable factor. Based on their data, we selected IP
for the reference arm in our study.

Nearly 60 000 patients in Japan died of lung cancer in 2004, and
the mortality rate is still increasing [1]. Even old-generation
cisplatin-based chemotherapy provides a survival benefit and
symptom relief in patients with inoperable non-small-cell lung
cancer (NSCLC) [2]. Several anticancer agents including
irinotecan, paclitaxel, docetaxel, gemcitabine, and vinorelbine,
were developed in the 1990s and most of them have
mechanisms of action that differ from those of the old-
generation agents [3-7]. The combinations of platinum and
these new agents developed in the 1990s are more useful against
advanced NSCLC than old-generation combination
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approved the prescription of paclitaxel, gemcitabine, and
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vinorelbine for NSCLC in 1999 and requested a phase III study
to confirm the efficacy and safety of these agents. The Japanese
investigators and the pharmaceutical companies decided to
conduct a four-arm randomized phase I1I study for NSCLC, the
so-called FACS, Four-Arm Cooperative Study. The purpose of
the study was to compare the efficacy and toxicity of three
platinum-based combination regimens, carboplatin plus
paclitaxel (TC), cisplatin plus gemcitabine (GP), cisplatin plus
vinorelbine (NP), with IP as the reference arm.

patients and methods

patient selection

Patients with histologically and/or cytologically documented NSCLC were
eligible for participation in the study. Each patient had to meet the following
criteria: clinical stage IV or 111B (including only patients with no indications
for curative radiotherapy, such as malignant pleural effusion, pleural
dissemination, malignant pericardiac effusion, or metastatic lesion in the
same lobe), at least one target lesion >2 cm, no prior chemotherapy, no prior
surgery and/or radiotherapy for the primary site, age 20-74 years, Eastern
Cooperative Oncology Group performance status (PS) of 0 or 1, adequate
hematological, hepatic and renal functions, partial pressure of arterial
oxygen (paO;) 260 torr, expected survival >3 months, able to undergo first
course treatment in an inpatient setting, and written informed consent. The
study was approved by the Institutional Review .Board at each-hospital.
Written informed consent was obtained from every patient.

treatment schedule

All patients were randomly assigned to one of the four treatment groups:by
the central registration office by means of the minimization method. Stage,
PS, gender, lactate dehydrogenase (LDH) and albumin values, and
institution were used as adjustment variables. The first group -received the
reference treatment, 80 mg/m? of cisplatin on day 1 and 60 mg/m? of
irinotecan on days 1, 8, and 15, and the cycle was repeated every 4 weeks. The
second group received 200 mg/m” of paclitaxel (Bristol-Myers KK.,

Tokyo, Japan) over a 3-h period followed by carboplatin at a dose calculated »

to produce an area under the concentration-time curve of 6.0 min X mg/mL
on day 1 and the cycle was repeated every 3 weeks. The third group.received
80 mg/m? of cisplatin on day 1 and 1000 mg/m? of gemcitabine (ELi ‘Lilly
Japan K.K., Kobe, Japan) on days 1, 8 and the cycle was repeated every 3
weeks. The fourth group received 80 mg/m? of cisplatin on day 1 and 25 mg/
m? of vinorelbine (Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan) on days 1,
8 and the cycle was repeated every 3 weeks. Each treatment was repeated
for three or more cycles unless the patient met the criteria for progressive
disease or experienced unacceptable toxicity.

response and toxicity evaluation

Response was evaluated according to the Response Evaluation Criteria in
Solid Tumors, and tumor markers were excluded from the criteria [21].

Objective tumor response in all responding patients was evaluated by an
external review committee with no information on the treatment group.
Toxicity grading criteria in National Cancer Institute Common Toxicity

Criteria Ver 2.0 were used to evaluate toxicity.

quality of life assessment

Quality of life (QoL) was evaluated by means of the Functional Assessment
of Cancer Therapy—Lung (FACT-L) Japanese version and the QoL
Questionnaire for Cancer Patients Treated with Anticancer Drugs (QoL-
ACD), before treatment, immediately before the second cycles of
chemotherapy, and 3 and 6 months after the start of treatment [22-24].
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statistical analysis and monitoring
The primary end point of this study was overall survival (OS), and the
secondary end points were response rate, response duration, time to
progressive disease (TTP), time to treatment failure (TTTF), adverse event,
and QoL. The 1-year survival rate of the control group in this study was
estimated to be 43% based on the data in published papers, and the 1-year
survival rate in the other treatment group was expected to be 50%. The lower
equivalence limit for 1-year survival rate was set as ‘—10%’. The criterion for
the non-inferiority of each treatment was a lower limit of the two-sided 95%
confidence interval (CI) of the 1-year survival rate of treatment minus that
of control larger than the lower equivalence limit. Because the non-
inferiority of each treatment versus the control was to be evaluated
independently, a separate null hypothesis was stated for each treatment, and
for that reason no multiple comparison adjustment was included in the
study. Based on the above conditions and binomial distribution, 135
patients were needed per arm for a one-sided Type 1 error of 2.5% and
80.0% power. In view of the possibility of variance inflation due to
censoring, the sample size was set at 600 (150 per arm).

Central registration with randomization, monitoring, data collection,
and the statistical analyses were independently carried out by a contract
research organization (EPS Co., Ltd, Tokyo, Japan).

results

patient characteristics

From October 2000 to June 2002, a total of 602 patients were
registered by 44 hospitals in Japan. All patients had been
followed up for >2 years, and 447 patients had died as of June
2004. Of the 602 patients registered, 151 were allocated to the
reference treatment, IP, and 150, 151, and 150 patients were
allocated to TC, GP, and NP, respectively. Since 10 patients did
not receive chemotherapy and 11 patients were subsequently
found to be ineligible, 592 patients were assessable for toxicity
and 581 patients were assessable for efficacy. Four patients did
not receive chemotherapy due to electrolytic disorder, fever,
symptomatic brain metastases, and rapid tumor progression in
IP, two patients due to refusal and pneumonia in TC, four
patients due to lower WBC counts (two patients), rapid tumor
progression, and nephritic syndrome in NP. Two patents were
ineligible due to wrong stage in IP, two patients were wrong
stage and one patient had double cancer in TC, two patients
were wrong diagnosis, one patient had massive pleural effusion,
one patient received prior chemotherapy in GP, one patient had
no target lesions in NP. Age, gender, PS, stage, and LDH and
albumin values were well balanced in each arm (Table 1). Fewer
patients with adenocarcinoma and more patients with
squamous cell carcinona were, however, entered in three
experimental arms than in IP.

objective tumor response and response duration

Objective tumor response is shown in Table 2. Forty-five partial
responses occurred in the 145 assessable patients in the reference
arm, IP, for an objective response rate of 31.0% with a median
response duration of 4.8 months. The response rate and median
response duration were 32.4% and 4.0 months in TC, 30.1% and
3.5 months in GP, and 33.1% and 3.4 months in NP. The

response rates in TC, GP, and NP were not statistically different
from the rate in IP according to the results of the 3 test.
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Table 1. Patient characteristics and treatment delivery

145 ) 146 145

Gender (male/female) ‘ 97/48 ' 99/46 101/45 101/44
Age, median (range) 62 (30-74) . 63 (33-74) 61 (34-74) 61 (28-74)
PS (0/1) 44/101 44/101 45/101 45/100
Histology . _
Adenocarcinoma 121 104 108 . 109
Squamous cell carcinoma - 16 T3 29 - 29
Others 8 10 9 7
Stage (I1IB/TV) 31114 28/117 30/116 - 26/119
No. of cycles ’
Mean * SD 3013 35215 32%12 31%13
Median : ' 3 .3 : 3
Range ) 1-7 ] R = 1-7 ) 1-8

PS, performance status; SD, standard deviation.

Table 2. Survival, TTP, TTTF, response rate, and response duration

Cisplatin-+ 145 '13.9 59.2 - 265 47 33 31.0 4.8 (n = 45) .
irinotecan - o . : )
Carboplatin .+ 145 123 510 —8.2%'(95% CI —19:6% to 3.3%) 25.5 4.5 (P ='0.355)° 3.2.(P = 0.282)" 324 (P = 0.80‘])b 4.0(n = 47)
paclitaxel Lo - : ’ ' ' .
Cisplatin +  .146 '14.0 59.6 .0.4% (95%:C1 —10.9% -101:1.7%) 315 40 (P-=:0170)" 3.2 (P'=:0.567)" 30.1.(P = 0.868)1? 35 {n = 44)
. gemcitabine ’ ‘

Cisplatin +

-145 114 483"
vinorelbine '

—10.9% (95% CI —223%10:0.5%) 214 41 (P="0133)" 3.0(P =0.091)° 33.1'(P = 0.706)" 3.4 (n = 48)

*Compared with IP by the generalized Wilcoxon test.
bCompared with IP by the ™ test.

Cl, confidence interval; IP, cisplatin plus irinotecan; TTP, time to progressive disease; TTTF, time to treatment failure.

0S, TTP disease, and TTTF

OS and TTP are shown in Figure 1. Median survival time
{MST), the 1-year, and 2-year survival rate in IP were 13.9
months, 59.2%, and 26.5%, respectively. The MSTs, 1-year, and
2-year survival rates were, respectively, 12.3 months, 51.0%, and
25.5% in TC; 14.0 months, 59.6%, and 31.5% in GP; and 11.4
months, 48.3%, and 21.4% in NP. The lower limits of the 95%
Cl of the difference in 1-year survival rate between IP and TC
(—19.6%), GP (—10.9%), and NP (—22.3%) were below —~10%,
which was considered the lower equivalence limit (Table 2).
Thus, the results did not show non-inferiority in three
experimental regimens compared with reference treatment.
Median TTP and median TTTF were 4.7 and 3.3 months,
respectively in IP. Median TTP and TTTF were, respectively, 4.5
and 3.2 months in TC, 4.0 and 3.2 months in GP, and 4.1 and
3.0 months in NP. There were no statistical differences in either
TTP or TTTF in TC, GP, or NP, compared with IP according to
the results of the generalized Wilcoxon test (Table 2).
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hematologic and non-hematologic toxicity

In IP, 47.6% and 83.7% of patients developed grade 3 or worse
leukopenia and neutropenia, respectively (Table 3). The
incidences of grade 3 or worse leukopenia (33.1%, P = 0.010)
and neutropenia (62.9%, P < 0.001) were significantly lower in
GP than in IP. The incidence of grade 3 or worse leukopenia
(67.1%, P < 0.001) was significantly higher in NP than in IP.
Grade 3 or worse thrombocytopenia developed in 5.4% of the
patients in IP, and the incidence was significantly higher in GP
(35.1%, P < 0.001). The incidence of febril neutropenia in IP
was 14.3%, and was significantly lower in GP (2.0%, P < 0.001).

Grade 2 or worse nausea, vomiting, anorexia, and fatigue
occurred in 60.5%, 51.0%, 65.3%, and 38.8%, respectively, of
the patients in IP. The incidences of grade 2 or worse nausea
(TC: 25.0%, P < 0.001, NP: 47.3%, P = 0.022), vomiting (TC:
22.3%, P < 0.001, NP: 36.3%, P = 0.011), and anorexia (TC:
32.4%, P < 0.001, NP: 49.3%, P = 0.005) were significantly lower
in TC and NP than in IP. Grade 2 or worse diarrhea was

doi:10.1093/annonc/mdi377 | 319
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Figure 1. Overall survival (OS) and time to progressive (TTP) disease. TTP and OS in the carboplatin plus paclitaxel (TC) (A, D), cisplatin plus gemcitabine '
(GP) (B, E), and cisplatin plus vinorelbine (NP) (C, F) were not statistically significantly different from the values in the cisplatin plus irinotecan.

significantly less frequent in TC (6.8%); GP (8.6%), and NP
(11.6%) than in IP (48.3%, P < 0.001). The incidences of grade
2 or worse sensory neuropathy (16.9%, P < 0.001), arthralgia
(21.6%, P < 0.001), and myalgia (17.6%, P < 0.001) were
significantly higher in TC than in IP. Grade 2 alopecia occurred
in 30.6% of the patients in IP, and its incidence was significantly
higher in TC (44.6%, P = 0.013) and significantly lower in GP
(15.2%, P = 0.001) and NP (8.9%, P < 0.001). Grade 2 injection
site reactions were more frequent in NP (26.7%) than in IP
(4.8%, P < 0.001).
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A total of five patients died of treatment-reélated toxicity: three
in IP (cerebral hemorrhage, interstitial pneumonia, acute
circulatory failure/disseminated intravascular coagulation:
2.0%), one in TC (acute renal failure: 0.7%), and one in NP
(pulmonary embolism: 0.7%).

second-line treatment

Data on second-line treatment, but not third-line or later
treatment, was available in this study, and they showed that
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Table 3. Toxicity

Leukocytes 42 43 5 39 42

Neutrophils 11 39 45 -5 19
Hemoglobin 42 24 7 42 .13
Platelets 6 5 1 9 11
Febrile neutropenia - 14 0 - 18
Nausea 32 29 0 - 14° 11¢
Vomiting 38 13 0 17¢ 5¢
Anorexia ' 30 33 2 15¢ 17°
Fatigue 27 12 1 26 2
Diarrhea 33 15 1 4¢ 3¢
Constipation 27 7 0 30 8
Neuropathy, motor 1 0 0 1 1
Neuropathy, sensory -1 0 0 14° 3¢
Alopecia 31 - - 45f:I - -
Arthralgia 2 ()} 0 20¢ 24
Myalgia 1 0 0 16° 24
Injection site reaction 5 0 - 5 -0
Pneumonitis 0 1 1 0 1
Creatinine 8 1 0 2¢ 0"
AST 7 11 1 5 1
Fever 2 0 0 5 1
Treatment-related death 3 (2.0%) 1 (0.7%)

original article

3 40 31° 2 25 51° 16°

69 21 40 23° 5 16 72
7 44 22 5 13 25 5
22 35° o® 3 1? 0*
0 - 2 0 - 18 0
- 35 23 - 33¢ 14° .
0° 34 14 0 2% 7T 0
1 31 26 1 29¢ 20c 1
1 17 3¢ -0° 23¢ 3 o
o LT 2 0 8 4 o
0 33 9 0 40¢ 144 04
1 0 0 0 0 0 0
o? 0 0 0 0 0 0
- 15 - - 9 - -
o? 0 0 0 1 0 0
o? 0 0 0 1 1 0
- 5 0 - 274 0? -
0 0 0 0 () 1 0
0° 7 0 0 8 1 0
0 6 3 0 1 3 0
0 1 0 0 1 0 0
0 1 (0.7%)

*Incidence of grade 3 or 4 toxicity significantly (P < 0.05) lower than that with IP.

“Incidence of grade 3 or 4 toxicity significantly (P < 0.05) higher than that with 1P.

“Incidence of grade 2 or worse toxicity is significantly (P < 0.05) lower than that with 1P.

YIncidence of grade 2 or worse toxicity significantly (P < 0.05) higher than that with IP.

GP, cisplatin plus gemcitabine; IP, cisplatin plus irinotecan; NP, cisplatin plus vinorelbine; TC, carboplatin plus paclitaxel.

AST, aspartate aminotransferase; —, no category in the criteria.

60%—74% of the patients received chemotherapy and 6%-9%
received thoracic irradiation as second-line treatment (Table 4).
The percentages of patients-in each treatment group who
received second-line chemotherapy were not significantly
different (P = 0.081).

quality of life

The details of the QoL analysis will be reported elsewhere. No
statistically significant difference in global QoL was observed
among the four treatment groups based on either the FACT-L
Japanese version or the QoL-ACD. Only the physical domain
evaluated by QoL-ACD was significantly better in TC, GP, and
NP than in IP.

discussion

Many randomized phase 1II studies have compared platinum-
plus-new-agent doublets in NSCLC, but, this is the first to
evaluate the efficacy of an irinotecan-containing regimen in
comparison with other platinum-plus-new-agent doublets in
NSCLC [14-17]. Although non-platinum-containing
chemotherapy regimens are used as alternatives, doublets of
platinum and a new-generation anticancer agent, such as TC,
GP, and NP, are considered standard chemotherapy regimens
for advanced NSCLC worldwide [13-17, 25]. Although the non-
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inferiority of none of the three experimental regimens could
‘be confirmed in this study, no statistically significant differences

in response rate, OS, TTP, or TTTF were observed between the
reference regimen and the experimental regimens. All four

platinum-based doublets have similar efficacy against advanced

NSCLC but different toxicity profiles. Nevertheless, IP was still
regarded as the reference regimen in this study because the
non-inferiority of none of the three experimental regimens
could be confirmed.

OS in this study was relatively longer than previously
reported. The estimated 1-year survival rate in the reference arm
was 43%, but the actual 1-year survival rate was 59.2%, much
higher than expected. The MSTs reported for patients treated
with TC, GP, and NP in recent phase 111 studies have ranged
from 8 to 10 months, and in the present study they were 12.3,
14.0, and 11.4 months, respectively [14-17]. One reason for the
good OS in this study was the difference in patient selection
criteria, for example exclusion of PS2 patients. Ethnic
differences in pharmacogenomics have also been indicated as
a possible reason for the good OS in this study [26]. The OS in
IP in this study, however, was better than in previous Japanese
studies [18, 19]. TTP in this study ranged from 4.0 to 4.7
months, and was similar to the TTP of 3.1-5.5 months reported
in the literature [15, 16]. OS not TTP was longer in this study
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Table 4. Second-line treatment

Annals of Oncology

Number of patients 145 ' 145

Chemotherapy 107 (74%) 87 (60%)
Docetaxel 39 25
Gefitinib 1 9
Paclitaxel 15 14
Gemcitabine 24 28
Vinorelbine -9 ) 12
Trinotecan : 15 ] 4

Thoracic irradiation- 8 10

146 145

101 (69%) 95 (66%) P =0081
50 51
18 12
7 1
17 28
2 9
3 3
13 10

than previously reported, and higher 2-year survival rates,
21.4%-31.5%, were observed in the minimum 2-year follow-up
in this study. Second-line or later treatments may affect survival,
because docetaxel has been established as standard second-line
chemotherapy for advanced NSCLC (27, 28]. Gefitinib is also
effective as second-line or later chemotherapy for advanced
NSCLC, especially in Asian patients, never smokers and patients
with adenocarcinoma [29-32].

The toxicity profile of each treatment differed and the toxicity
of all four regimens was well tolerated. Overall QoL was similar
in the four platinum-based doublets. Only physical domain QoL
evaluated by the QoL-ACD was statistically better in TC, GP,
and NP than in IP. This finding is presumably attributable to the
fact that diarrhea is a statistically less frequent adverse effect of
TC, GP, and NP than of IP.

In conclusion, all four platinum-based doublets had similar
efficacy for advanced NSCLC but different toxicity profiles.

All the four regimens can'be used to treat advanced NSCLC
patients in clinical practice.
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Dentistry, Kumamoto Chuo Hospital, Kumamoto Regional
Medical Center, NTT West Osaka Hospital.

acknowledgements

This study was supported by Bristol-Myers K.K., Tokyo; Eli
Lilly Japan K.K., Kobe; and Kyowa Hakko Kogye ‘Co. Ltd,
Tokyo, Japan.

references

1. Cancer Statistics in Japan 2005: The Editorial Board of the Cancer Statistics in
Japan. Tokyo, Japan: Foundation for Promotion -of Cancer Research 2005.

2. ‘Non-Small Celi-Lung Cancer Collaborative Group. Chemotherapy in non-small
cell lung cancer: a meta-analysis using updated data on individual patients from
52 randomised clinical trials. BMJ 1995; 311: -899-909.

3. ‘Fukuoka M, Niitani H, Suzuki A et al. A phase |l study of CPT-11, a new derivative
of camptothecin, for previously untreated non-small-cell lung cancer. J Clin
Oncol 1992; 10: 16-20.

4. -Rowinsky -EK, .Donehower RC. Paclitaxe! (taxol). N-Eng! J Med 1995; 332:
1004-1014.

5. Gelmon K. The taxoids: paclitaxe! and docetaxel.-Lancet 1994; 344: 1267—-1272.

6. Herte! LW, Border GB, Kroin JS et al.-Evaluation of the antitumor activity
of gemcitabine (2',2'-difluoro-2’-deoxycytidine). Cancer Res 1990; 50:
44174422,

7..Binet S, Fellous A, Lataste H et al.-Biochemical effects of navelbine on tubulin
and associated proteins. Semin Oncol 1989; 16 (2 Suppl 4): 9-14.

8. Kubota K, Watanabe K, Kunitoh'H et al. Phase !l randomized trial of docetaxel
plus cisplatin versus vindesine plus cisplatin in patients with stage IV non-small-
cell lung cancer: the Japanese Taxotere Lung Cancer Study Group. J Clin Oncol
2004; 22: 254-261.

9. Le Chevalier T, Brisgand D, Douillard JY et al. Randomized study of vinorelbine
and cisplatin versus vindesine and cisplatin versus vinorelbine alone in advanced
non-small cell lung cancer: results of a European multicenter trial including 612
patients. J Clin Oncol 1994; 12: 360-367.

10. Belani CP, Lee JS, Socinski MA et al. Randomized phase II} trial comparing
cisplatin-etoposide to carboplatin-paclitaxe! in advanced or metastatic non-small
cell lung cancer. Ann Oncol 2005; 16: 1069-1075.

11. Yana T, Takada M, Origasa H et al. New chemotherapy agent plus platinum for
advanced non-small cell lung cancer: a meta-analysis. Proc Am Soc Clin Oncol
2002; 21: 328a.

12. Baggstrom MQ, Socinski MA, Hensing TA et al. Third generation chemotherapy
regimens (3GR) improve survival over second generation regimens (2GR) in stage
HIB/IV non-small cell lung cancer (NSCLC): a meta-analysis of the published
literature. Proc Am Soc Clin Oncol 2002; 21: 306a.

Volume 18 | No. 2 | February 2007



