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About one-fourth (45 of 194 subjects) were null for both
GSTM1 and GSTTI genes.

Variations found in the intact GSTT1 gene and
their LD profiles: Six variations including three novel
ones were found by sequencing the 5’-flanking regions,
all 5 exons and their flanking regions in the 102 Japanese
subjects with *0/+ and +/+ genotypes (Table 4). All
detected variations were in Hardy-Weinberg equilibrium
(p=0.44 by the x” test or Fisher’s exact test) when as-
suming the presence of three alleles (wild, variant and "0

Table 3. Frequencies of GSTT1 and GSTM1 deletions
(a)

Genotype N Frequency (%) Allele N Frequency (%)
“0ro 92 0,474 0 266 0.686
GSIT! To/+ 82 0.423
+/+ 20 0103 +oom 03
» +
0/*0 93 0.479 0 271 0.698
GSTMI ror+ 85 0.438
b 16 0082 o7 030
()
Genotype combination
N Frequency (%)
GSITi GSTMI
*0I*0 45 0.232
‘oro *ol+ 42 0.216
+/+ 5 0.026
“0r°0 39 0.201
T+ ‘0 + 34 0.175
+/+ 9 0.046
*0/t0 9 0.046
+1+ tor+ 9 0.046
+7+ 2 0.010

*0, deletion; +, intact gene

alleles) at each site. One novel nonsynonymous variation,
226C>A (Arg76Ser), was heterozygous in one subject
with two intact GSTT I genes, and its allele frequency was
0.003 (1/388). The remaining two novel variations in the
intronic regions (IVS1+71A>G and IVS2—-8A>C)
were also rare (allele frequency = 0.003 for both).

Three known variations (IVSi+ 166A>G, IVS3—
36C>T and 824T>C) were found at a relatively high
frequency (0.106) and were perfectly linked (r*= 1.0)
with each other.

Variations found in the intact GSTMI gene and
their LD profile: We found 23 variations, including
seven novel ones, in 194 Japanese cancer patients (Table
5). Ten variations were located in the 5-flanking region,
2 in the coding exons, 9 in the introns, and 2 in the 3’
flanking region. All detected variations were in Hardy-
Weinberg equilibrium (p> 0.37 by the x? test or Fisher’s
exact test) except for 1107 +41C>T in the 3’ flanking
region (p=0.003 by the Fisher’s exact test). Deviation
from Hardy-Weinberg equilibrium for this variation was
due to 2 more homozygotes than expected among 16
GSTM1+/+ subjects.

Seven novel variations, —416G>T and =~ 165A>G
in the 5'flanking region, IVS1+97C>T, IVS1-—
79G>A, IVS1 —78T>A, and IVS2+202G>A in the
introns and 1107 + 128G > A in the 3’flanking region,
were found in single subjects (allele frequencies = 0.003).
No novel nonsynonymous SNPs were detected.

Sixteen other variations were already reported or pub-
licized in the dbSNP and/or JSNP databases. They were
detected in more than 10 chromosomes (allele frequen-
cies =0.026) in our population except for —423C>G
and IV§2+118T>C (allele frequency = 0.003).

The pairwise |D’| values between 14 common varia-
tions (N=10) in GSTM1 were higher than 0.95 except
for the combinations between —480A>G and other
variations, which showed lower |D’]| values
(0.27 < [D’[ <1.0). As for the r? values, strong LDs

(r?>0.87) were observed among 10 variations,

Table 4. Summary of GSTT1 SNPs detected in a Japanese population

SNP ID Pasition
dbSNP Location From the translational Nucleotide changel and ’ Amino acid fr:(;l\lxeel:
This study P ISNP NT_011520.11  initiation site or from  0nking sequences (5" 103')  change  (/ISR0)
the end of nearest exon

MPJ6_GTT1001* intronl 3774618 WS1+71A>G catagettagggA/Gactecteceage 0.003
MPI6_GTTI002 rs140313  s55j0002194  intronl 3774523 IVS1 +166A>G gatccaagagicA/Ggpgetoeccaaa 0.106
MPJ6_GTT1003 intron2 3770088 1IVs2-8A>C catgacccecacA/Ceecacagtgtgg 0.003
MPJ6_GTT1004° Exon3d 3770055 226C> A ctctacctgacgC/Agcaaatataagg  Arg76Ser 0.003
MPJ6_GTT1005 rs140308 intron3 3767603 IVS3.36C>T ctaactccctacC/Tecagtaactece 0.106
MPI6_GTTI006 rs4630  $5j0002197  3'-UTR 3766891 824(* 101")’1‘ >C graatggetgeT/Craagacttgece 0.106

"Nove) variations detected in this study.

*The nucleotide that follows the translation termination codon TGA is numbered and starts as *1.
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CT T T ~398C>T, —397A>T, —393T>C, —358G>A,
EHEEHEHE EREEERELE IVS3—78C>T, IVS4+26A>G, IVS5+140C>T,
s 519C>G (Asn173Lys), 528C > T (Aspl76Asp), and IVS7
EPEECTTT TR R ~—221G>A. Of these variations, two (—398C>T and

B = ~397A>T) and four (IVS3—78C>T, IVS5+

g4 ] 140C>T, 519C>G, and 528C>T) pairs of SNPs were

5 in perfect LD (r*=1.0).

B Haplotype estimation and selection of

haplotype-tagging SNPs (htSNPs): Based on results
of the LD profiles, haplotypes of GSTT1 and GSTMI were
analyzed as one LD block that spans at least 7.7 kb and
6.5 kb, respectively. Using the six variations and null al-
leles in GSTT I, three common haplotypes (GSTT 170, *la
and *1b) and three rare haplotypes (*Ic, *Id and *24q)
were identified or inferred (Fig. 1a). Frequencies of the
common haplotypes, *0, *la, and *1b, were 0.686,
0.201, and 0.106, respectively. Thus, the htSNPs are
either one of IVS1+166A>G, IVS3—36C>T, and
824T>C for *Jb and 226C> A for *2.

For the GSTMI gene, three groups of haplotypes
(GSTM1"0, *1 and *2), each containing 1, 10 and 4 sub-
types, were identified or inferred using the 23 variations
and the null allele (Fig. 1b). The *2 group (*2a to *2d)
was defined as the haplotypes barboring the known non-
synonymous SNP, 519C>G (Asnl173Lys), which was
previously assigned *B.® The most dominant haplotype
was *0 (0.698 frequency), followed by *1a (0.139), *2a
(0.044), *1b (0.026), * Ic (0.026), and *2b (0.026). These
six haplotypes accounted for 95% of all haplotypes. The
htSNPs that were able to resolve the 5 common haplo-
types of the intact genes were ~552C>G (*1b and
*Id), —540C>G (*2b), —480A>G (*Ib and *2b),
519C>G (Asn173Lys) (*2), and 1107+ 41C>T (* 1c).
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Japanese, the genes encoding the phase II metabolic en-
zymes important for cellular defense systems. Moreover,
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SNPs in intact genes were identified by resequencing,
and haplotype structures and tagging SNPs were shown,
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It is well recognized that *0 alleles in GSTT! and
GSTM! distribute with different frequencies in several
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ethnicities, We have shown that 47.4% and 47.9% of our
Japanese population homozygously lack GSTTI
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(GSTT1%0/*0) and GSTMI (GSTMI*0/*0), respectively.
The GSTT1*0/*0 frequency is comparable to that report-
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as Koreans (46-62%)"'¥ and Chinese (49-58%),'*'") but
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was higher than Malay (38%),'” Indians (16%),'”) Caucasi-
ans (15-24%),”'® African Americans (22-24%),"'® Mexi-
can Americans (10%),” and Scandinavians (15%).” On
the other hand, no marked differences are found in the
frequencies of GSTMI'0/*0 between Caucasians
(42-60%)"'® and East Asians including Japanese, Koreans
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Fig. 1. GSTT1 (a) and GSTM1 (b) haplotypes in a Japanese population
in only one patient and were ambiguous except for the marker SNPs.
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and Chinese (44-63%),”'*"' although these frequencies
were higher than that of Africans (16-36%).™' The sub-
jects bearing neither GSTT I nor GSTM1 were observed at
23.2%, the frequency of which is similar to Koreans
(29.1%)'® and Shanghai Chinese (24%),'” but higher than
Caucasians (7.5-10.4%)"'® and Africans (3.9%)."

A niumber of association studies of the GSTMI and
GSTT1 genotypes with cancer susceptibility and cancer
therapy outcome have been reported; however, the
results are sometimes conflicting.” In our 194 patients
with mainly non-smali cell lung cancers, the frequency of
GSTTI*0/*0 and GSTMI*0/*0 was similar to those in
healthy Japanese. This result is in good agreement with a
body of literature where the effects of GSTT1 and GSTM!
null genotypes on lung cancer development were not
clear unless other genetic traits affecting carcinogen
metabolism such as CYPIAI* 24 and GSTP1*B (el 05Val)
were combined.”

One novel GSIT] nonsynonymous variation
(226C > A, Arg76Ser) was found in one subject. Arg76 is
located in the o3 helix of N-terminal domain I, which
forms glutathione binding sites.’*”” In the crystal struc-
ture of human GSTTI-1, this residue closely (2.7 A) con-
tacts Tyr85 of another subunit (Protein Data Bank,
2C3T).*) Arg76 is conserved among human, bovine and
chicken, whereas this residue is a histidine in mouse and
rat. Interestingly, rat and mouse GSTT2 have Ser at posi-
tion 76.

Of the six SNPs detected in GSTT 1, three were perfect-
ly linked, resulting in a simple haplotype structure. One
of the linked SNPs, 824T > C, was analyzed for various
ethnicities in  the SNP500Cancer  Database
(http://snp500cancer.nci.nih.gov/). Its frequency in
Japanese (0.106) was comparable to that in Caucasians
(0.121), but lower than that in Africans and African-
Americans (0.70).

In the GSTM1 5’ flanking region (up to — 650), eight
known SNPs in the NCBI dbSNP database were also de-
tected in this study. This was in contrast to GSTTI, in
which no SNPs were detected in the 5’-flanking region
{up to — 801 bp). Murine GSTM1 is transcriptionally up-
regulated by the Myb proto-oncogene protein through
the Myb-binding site (=58 to —63) in the GSTMI
promoter,”? whereas no studies on the mechanisms of
transcriptional regulation have been performed with
human GSTMI1. The four common SNPs, —398C>T,
—397A>T, —393T>C, and —358G>A (0.075-
0.080 in frequencies), were almost perfectly linked with
the known SNP, 519C>G (Asni173Lys, GSTMI*B) in
Japanese. The GSTMla-la isozyme (Asnl73) and
GSTM1b-1b isozyme (Lys173) were reported to have
similar catalytic activities in vitro.” Nevertheless the as-
sociation of the GSTMI" A alleles has been shown with a
reduced risk for bladder cancer.?® Therefore, the func-
tional significance of promoter SNPs on GSTMI expres-

sion should be further elucidated.

In conclusion, deletions of GSTI1 and GSTMI in
Japanese were analyzed by conventional PCR and Tagq-
Man real-time PCR. About onefourth (0.232 in fre-
quency) of subjects had double GSTMI and GSTT! null
genotypes. In the intact GSTTI and GSTMI genes, six and
23 SNPs were identified, respectively, and three
(GSTT1*0, *1a, * I1b) and six (GSTMI*0, *Ia, *2a, *1b,
*Ic and *2b) common haplotypes were inferred. Only
one rare nonsynonymous SNP (226C > A, Arg76Ser) was
found in GSTT 1, suggesting that this gene is highly con-
served, These findings would be useful for phar-
macogenetic studies that investigate the relationship be-
tween the efficacy of anticancer drugs and GST haplo-

types.
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Objective: The efficacy and safety of weekly administration of epoetin beta (EPO) for
chemotherapy-induced anemia (CIA) patients was evaluated.

Methods: One hundred and twenty-two patients with lung cancer or malignant lymphoma
undergoing chemotherapy were randomized to the EPO 36 000 U group or the placebo
group. Hematological response and red blood cell (RBC) transfusion requirement were
assessed. Quality of life (QOL) was assessed using the Functional Assessment of Cancer
Therapy-Anemia (FACT-An) questionnaire.

Results: Mean change in hemoglobin level with EPO increased significantly over placebo
(1.4 + 1.9 g/dl versus —0.8 + 1.5 g/dl; P < 0.001). The proportion of patients with change in
hemoglobin level >2.0 g/di was higher for EPO than those for placebo (P < 0.001). After 4
weeks of administration, the proportion of RBC transfusion or hemoglobin level <8.0 g/dl was
significantly lower for EPO than those for placebo (P = 0.046). The changes in the FACT-An
total Fatigue Subscale Score (FSS8) were less deteriorated with EPO than those with placebo
Progressive disease (PD) did not influence the change in hemoglobin level but there was less
decrease in FSS in non-PD patients. No significant differences in adverse events were
observed. Thrombovascular events and pure red cell aplasia related to EPO were not
observed. Retrospective analysis of survival showing the hazard ratio of EPO to placebo
was 0.94,

Conclusion: Weekly administration of EPO 36 000 IU significantly increased hemoglobin

level and ameliorated the decline of QOL in CIA patients over the 8-week administration
period.

Key words: anemia — erythropoietin — cancer — chemotherapy-induced anemia — quality of life
survival

INTRODUCTION tachycardia, palpitations, fatigue, vertigo and dyspnea are

observed in patients with hemoglobin level <10.0 g/dl, and
guality of life (QOL) patients is markedly reduced.

In lapan, only red blood cell (RBC) transfusions have
been approved for the treatment of chemotherapy-induced
anemia (CIA). However, although the safety of RBC transfu-

One of the causes of anemia in cancer patients is myelosup-
pression due to chemotherapy or radiation therapy (1).
Anemia occurs at a high frequency when using platinum
agents, taxanes or anthracyclines often used in cancer patients,
especially in patients with lung cancer and malignant lympho-

mas, Clinical symptoms associated with anemia such as

For teprints and all correspondence: Masahiro Tsuboi, D(}partmcﬂt of )
Thoracic Surgery and Oncology. Tokyo Medical University and Hospital
-7-1. Nishi-shinjuku, Shinjuku-ku, Tokyo 160-0023, Japan.

E-mail: misuboi@za2.so-net.ne.jp

sions has improved, there are still concerns about viral infec-
tions and graft-versus-host discase, as well as adverse effects
on survival prognosis. Erythropoiesis-stimulating agents
(ESAs) were approved for the treatment of CIA in the 1990s
in the United States and in Europe, but they have still not

& The Author (2009). Published by Oxford University Press. All rights reserved.
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been approved for this indication in Japan. 1t has been
reported that the requirement for RBC transfusion can be
reduced and QOL improved by increasing the hemoglobin
level by ESA administration (2—7). In the United States,
“Use of epoetin in patients with cancer: evidence-based clini-
cal practice guidelines of the American Saciety of Clinical
Oncology and the American Society of Hematology® (8) (the
ASH/ASCO guidelines) was published in 2002, The present
placebo-controlled, ‘double-biind, comparative study was
planned in 2003 based on the ESAs gnidelines and apphi-
cations for ESAs in the United States and Europe for refer-
ence. Since 2003, however, several clinical studies have
reported that ESAs worsened prognosis in cancer patients
(9-16), and the risks of ESAs were investigated by three
meetings of the Oncologic Drugs Advisory Committee
(ODAC) (May 2004, May 2007 and March 2008). Since
2007, a safety alert (17) including a change in the upper
hemoglobin limit has been issued, and the package inserts
have been revised. The ASH/ASCO guidelines were alsa
revised in 2007 (18). The effects of ESAs on cancer patient
prognosis are not clear at present, and the US Food and
Drug Administration (FDA) revised the labeling for ESAs
following the 13 March 2008 ODAC’s recommendations to
impose additional restrictions.

As a result of a previous dose-finding study, once a week
epoetin beta (EPO) 36000 IU was recommended for
Japanese cancer patients (19). In this prospective, placebo-
controlled, double-blind comparative study, the efficacy
and safety of weekly administration of EPO 36 000 IU
was evaluated. Efficacy was assessed based on the hemato-
logical response and QOL. In addition, considering the
recent regulatory conditions in the United States and in
Europe, a survival survey was retrospectively performed,
and survival in the EPO group and in the placebo group was
compared.

PATIENTS AND METHODS

PATIENT POPULATION

The study protocol was approved by the institutional review
board at each study site, and written informed consent was
obtained before study-related procedures were begun.
Patients eligible for this study were required to be patients of
age >20 to <80 years, who had lung cancer or malignant
lymphoma, were receiving a platinum-, taxane- or
anthracycline-containing chemotherapy regimen with at least
two cycles of chemotherapy scheduled after the first study
drug administration and had CIA (8.0 g/d! < hemoglobin
level < 11.0 g/dl), an Eastern Cooperative Oncology Group
performance status (PS) <2, life expectancy >3 months as
well as adequate renal and liver function. Exclusion criteria
included iron-deficiency anemia (serum iron saturatign
< 15% or mean corpuscular volume (MCV) <80 pm?),
history of myocardial, pulmonary or cercbral infarction,
severe hypertension beyond control by drug therapy,

pregnancy, obvious hemorrhagic lesions or other scvere

complications, myeloid malignancy or ESA/RBC transfusion
within 4 weeks before the first study drug administration.

STuDY DESIGN

Patients were randomized 1:1 to receive EPO 36 000 LU or
placebo subcutaneously once a week for 8§ weeks. The
planned number of patients was 120 (60 in cach group).
Randomization was conducted by central regisiration system
and a dynamic balancing method using tumor type, PS, age
and institution as the adjusting factors. Administration was
terminated if the hemoglobin level reached 14 g/d] or more.
Oral iron-supplementing drugs were administered if serum
iron saturation fell below 15% or MCV fell <80 pm®
Hemoglobin level and clinical laboratory tests were moni-
tored weekly until 1 week after last study drug adminis-
tration. RBC transfusion was allowed at the discretion of the
investigator during the study.

STUDY ENDPOINTS

The primary endpoint was change in hemoglobin leve! from
baseline, and the last evaluation was performed 8 weeks
after the first study drug administration or at study discon-
tinuation. The last cbservation carried forward method was
used for evaluation of the change in hemoglobin level.
The secondary endpoints were change in the Functional
Assessment of Cancer Therapy Anemia total Fatigue
Subscale Score (FSS) (0—52, where a higher score means
less fatigue) from baseline to last evaluation, RBC transfu-
sion requirement, nadir hemoglobin level, proportion of
patients who achieved a hemoglobin level increase >2.0 g/dl
from baseline, proportion of the patients with hemoglobin
level <8.0g/dl during the study and incidence of
sither RBC transfusion or hemoglobin level <8.0 g/dl.
Safety was assessed by National Cancer Institute — Common
Toxicity Criteria, ver. 2, translated by the Japan Clinical
Oncology Group. Anti-erythropoietin antibodies were
measured by enzyme-linked immunosorbent assay and
radioimmunoprecipitation assay, and compared with the
data of the first study drug administration with the data of
the last observation. Detection by either method was judged
as positive. A retrospective analysis of survival was
performed.

STATISTICS

Efficacy analyses were performed using the full-analysis-set
(FAS) population, comprising all eligible patients who
received a study drug. In both EPO and placebo groups,
changes in hemoglobin level and changes in FSS at the last
evaluation were compared using Student’s f-test. Stratified
analyses in the groups with baseline FSS >36 and <36,
respectively, were also performed.
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RESULTS

PATIENT DISPOSITION

One hundred and twenty-two patients were recruited from
February 2004 to March 2005 at 11 sites in Japan.
Sixty-five patients had lung cancer and 57 had malignant
lymphoma, The patients were randomly assighed to the
EPO group (n = 63) or the placebo group (= 59). One
patient in each greup never received a study -drug, one
patient in each -group never received chemotherapy and
one patien! in the placebo group did not have laboratory
data after administration. Thus, the FAS population was
117 patients (61 patients in the EPO group, 56 patients in
the placebo group).

DEMOGRAPHICS, CLINICAL AND BASELINE CHARACTERISTICS

Patient demographics were well balanced between the two
groups, except for baseline hemoglobin levels and serum
erythropoietin concentrations (Table 1), The mean hemo-
globin level in the EPO group was slightly lower than in the
placebo group (10.0 versus 10.4 g/dl). The baseline hemo-
globin level did not influence the evaluation of the primary
endpoint by analysis of covariance,

HEMATOLOGICAL EVALUATIONS

Mean change in hemoglobin level at the last evaluation
significantly increased in the EPO group (1.4 + 1.9 g/dl)
than in the placebo group (—0.8 & 1.5 g/dl) (P < 0.001).
The hemoglobin level started to elevate in the EPO group at
3 weeks after the first administration (Figs | and 2). After
4--8 weeks of administration, the proportion of patients who
achieved changes in hemoglobin level >2.0 g/dl from base-
line was 42.6% (26/61) for the EPO group and 1.8% (1/56)
for the placebo group (P < 0.001).

During the study, the proportion of patients with the
hemoglobin level increased 12.0 g/dl or more was evaluated
in the patients with hemoglobin level below 12.0 g/d] at
baseline, the proportion was higher in the EPO group than
in the placebo group [49.2% (29/59) versus 9.6% (5/52),
P < 0.001]. The nadir hemoglobin level was 9.4 + 1.5 g/dl
in the EPO group and 8.6 + 1.3 g/dl in the placebo group
(P =0.002). The proportion of patients with hemoglobin
level decreased <8.0 g/dl was evaluated in the patients with
hemoglobm level >8.0 g/d! at baseline, the proportion was
18.6% (11/59) in the EPO group and 32.1% (18/56) in the
placebo group (P = 0.096).

RBC TRANSFUSION

The incidence of RBC transfusion was not different between
the EPO group and the placebo group throughout the study
[11.5% (7/61) versus 12.5% (7/56), P =0.865] or from
Week 5 to Week 8 [8.2% (5/61) versus 12.5% (7/56),
P = 0.443]. However, the incidence of RBC transfusion or
hemoglobin level <8.0 g/dL from Week 5 to Week 8 was
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significanlly lower in the EPO group than those in
the placebo group [16.4% (10/61) vs. 32.1% {18/50),
P=0.046], and fewer RBC transfusion units were required
in the EPO group (10 units, # = 5) than in the placebo gronp
(26 units, n = 7).

QuALITY OF LIFE

At the last observation, the FSS data for two patients were
missing because of progressive disease (PD). The missing
scores were substituted by the maximum decrease in score

Table 1. Patient demographics of full-analysis-sct population

Placebo group EPQ group
(1 = 56) {n =61
Sex
Male 33 34
Female - 23 27
Age (ycars), mean + SD 62,1 + 9.6 618+ 119
Tumor
Lung cancer 30 32
Small ccll lung cancer 7 8
Non-small cell lung cancer 23 24
Malignant lymphoma 26 29
Hodgkin lymphoma 0 3
Non-Hodgkin lymphoma 26 26
Chemotherapy
1st line 38 41
2nd line 6 8
3rd finc 1 [
Relapse/recunrence 1 i1
ECOG performangce status
0 38 33
1 17 26
2 ! 2
Weight (kg), mean + 8D 545 £ 88 5524100
Hemoglobin (g/d]), mean 4+ SD 104 4+ 1.0 100410
Serum endogenous erythropoctin 49.1 4334 67.3 & 72.0
(mU/ml), mean + SD
MCV (f1), mean 4 SD 93.5 4+ 6.0 919+ 5.5
Transferrin saturation (%), 294 + 19,8 324 3 220
mean 4+ SD
Bascline QOL: FACT-An
Fatigue subscale (0-52), 339 4100 355497
mean + SD
<36 29 29
>36 26 32
Data missing L 0

SD, standard deviation; ECOG, Eastern Cooperative Oncology Group. QOL.,
quality of life; FACT-An, Functional Asscssment of Cancer
Thevapy-Ancmia; MCV, mcan corpuscular volume: EPO, cpoctin beta
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for all patients. This substitution was decided before blinded
data review. The changes in FSS from baseline were less in
the EPO group than those in the placebo group (Mean +
SD: -0.5£94 versus —4.5 £ 10.0, P=10.031). But
excluding these two patients with missing data at the last
observation, the change in FSS from baseline was not signifi-
cant in the EPO group and in the placebo group (—0.5 + 94
versus —-3.6 + 9.0, P = 0.082). The factors that influenced
the change in FSS were baseline FSS, change in hemoglobin
level, treatment group and PS at the last observation (analy-
sis of variance). It has been suggested that if the baseline
FSS is higher than 36, the change in FSS will decrease after
administration of ESA because of the high baseline and the
lack of symptoms (ceiling effect and regression to the mean)
(20,21). Thus, we also analyzed patients whose baseline FSS
was <36. In the baseline FSS < 36 patients, change in FSS
was 2.1 4+ 11.7 in the EPO group and —1.3 + 9.6 in the
placebo group, so the EPO group showed improvement in
FSS (P = 0.225), However, in the baseline FSS > 36
patients, the change in FSS was —2.9 £ 5.9 in the EPO

group and —7.9 + 9.4 in the placebo group (P = 0.016), so
the EPO group showed suppression of the decline in FSS
{Fig. 3). In subset analysis of the EPO group, the mean
change in hemoglobin level did not differ in PD and non-PD
patients (1.3 4 1.8 versus 1.4 + 2.0 g/dl), but PD patients
showed a more marked decrease in FSS than non-PD
patients (—6.8 + 9.4 versus 0.2 + 9.2).

SareTY

The incidence of adverse events was evaluated for the 120
patients who receive a study drug. Adverse cvents were
observed in 62 patients (100%) in the EPO group and 57
patients (98.3%) in the placebo group, and no significant
differences were found between the two groups (£ = (1.299),
The adverse events related to the study drug were 24 events
in the EPO group {17 of 62 patients, 27.4%) and 19 events
in the placebo group (11 of 58 patients, 19.0%) (P = 0.274).
Adverse drug reactions observed in at least 3% of the
patients in the EPQ group were increased blood pressure
(6.5%), increased lactiate dehydrogenase {3.2%) and
increased urinary glucose (3.2%). In the placebo group, rash
(3.4%), increased blood pressure {3.4%) and decreased acti-
vated partial thromboplastin time (3.4%) were reported.
Grade 3 abdominal pain and Grade 3 liver dysfunction were
both observed in the same patients in the EPQ group. Five
patients (5 events) in the EPO group and five patients
(12 events) in the placebo group experienced serious adverse
events. Of these, only Grade 3 liver dysfunction was con-
sidered related to EPO treatment (Table 2). One thrombovas-
cular event (TVE), a lacunar infarction, was reported in the
EPO group. No other TVEs were reported in either group.
No anti-erythropoietin antibodies were reported,

SurvivaL

A retrospective analysis of survival was performed, The
median follow-up duration was 670 days for the EPO group
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Figure 3. Mean change in FACT-An total fatiguc subscale score stratficd
by bascline total fatigue subscale score (<36, >36). A colour version of
this figure is available as supplementary data at httpi/#www jjco.oxfotdjour-
nals.org. FACT-An, Functional Assessment of Cancer: Therapy-Ancmua.
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Table 2. Incidence of the most commen adverse cvents

Placebo group EPO group
{n = 58) (1 = 62)
No: of % No: of %
patients paticnts
Adverse events 57 98.3 62 100
Adverse events with incidence >20% in the EPO group
Neutropenia 47 81.0 47 75.8
Leukopenia 46 79.3 47 75.8
Thrombuocytopenia 28 483 31 50.0
Nausca 28 483 27 43.5
Fatigue 26 44.8 28 45.2
Anorexia 24 414 27 43.5
Lymphopenia 24 41.4 32 51.6
Alopecia 17 293 22 3535
Increased LDH 13 239 16 25.8
Constipation 10 17.2 14 22,6
Adverse drug reactions i 19.0 t7 274
Adverse drug reactions with incidence 23% in cither group
Increased blood pressure 2 34 4 6.5
Increased LDH | 1.7 2 32
wcreased urinary glucose 0 0.0 2 3.2
Rash 2 3.4 0 0.0
Decrcased APTT 2 34 0 0.0
Adverse drug reactions with severity >Grade 3
Abdominal pain 0 0.0 1 [.6
Liver dysfunciion 0 0.0 I 1.6

LDH. lactatc dehydrogenase; APTT, activated partial thromboplastin time.

and 641 days for the placebo group. The l-year survival
population based on Kaplan—Meier estimates was 64.9% in
the EPO group and 65.9% in the placebo group. The hazard
ratio was 0.94 for the EPO group relative to the placebo
group (95% CI: 0.57—1.53).

DISCUSSION

{mprovements in hemoglobin level were observed in
Japanese patients with CIA on administration of EPO 36 000
1U once a week for 8 weeks. In the evaluation of QOL, it is
necessary to consider the effects of scores at baseline, such
as the ceiling effect and regression to the mean (20). 1t has
been reported that in patients with less symptoms as baseline
FSS is more than 36, the change in FSS became negative
(21). The results of a stratified analysis of groups with
baseline FSS <36 and >36 (performed for reference)
showed that in patients with baseline FSS <36 (severe
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anemia symptoms), the. symptorms of anemia improved in g
EPO group, but worsened in the placebo Broup. ln palients
with baseline FSS 36 (mild anemia symploms), worsening
occurred in both groups, but. the worsening was significantly
inhibited in the EPO group compared with the placebo
group. In the United States, at present, the FDA has not
approved the use of ESAs to improve QOL, but the results
of this study suggest that EPO may be useful in the preven-
tion of worsening of symptoms of anemia.

In the United States, it has been stressed that the purpose of
using ESAs is to treat CIA in order to avoid RBC transfu-
sions. In the present study, the incidence of RBC transfusion
during administration was low and the hemoglobin level
when RBC was transfused was 5.5—8.8 g/dl. In Japan, most
physicians and patients are reluctant to use RBC transfusions.
but in the United States and in Europe, RBC transfusions
are often started when the hemoglobin level is 8.0—10.0 g/dl
(22). In this study, the proportion of patients with either
severe anemia requiring a RBC transfusion or hemoglobin
level of <8.0 g/d] (NCI-CTC Grades 3 and 4) was examined.
Evaluation of this proportion from 4 weeks after the start
of administration, when ESAs exhibited hematopoietic
effects (23-~25), indicated that this proportion was
significantly lower in the EPO group (16.4%, 10 of 6!
patients) than in the placebo group (32.1%, 18 of 56 patients)
(£ = 0.0406).

One TVE was observed in this study, a lacunar infarction
(Grade 1) in one patient (69-year-old male with Jung cancer)
in the EPO group. The investigator judged without causal
relationship to the study drug but by aging, because the
event was observed 1 day after the first study drug adminis-
tration. No other TVEs were reported. Increased blood
pressure and hypertension occurred in 10 patients (six in the
EPO group, four in the placebo group). Marked differences
from the placebo group were not observed for other adverse
cvents.

The FDA has issued several safety alerts regarding data
that demonstrated adverse survival outcomes in ESA-treated
cancer patients. In this study, however, based on the results
of a survey of overall survival, the 1-year survival proportion
showed no significant difference between the groups. The
effects of ESAs on survival of cancer patients have becn
examined by the ODAC and other groups since 2007, based

on new clinical trial reports. So far, the reported safety data
have been insufficient to rule out the risk of mortality in

chemotherapy-ireated patients, but ESAs are considered
a therapeutic option for the management of CIA.
Clinical studies based on the doses and hemoglobin levels
recommended on the labels will continue to accumulate
evidence on the effects of ESAs on survival.
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Japanese-US Common-Arm Analysis of Paclitaxel Plus
Carboplatin in Advanced Non—Small-Cell Lung Cancer: A

Model for Assessing Population-Related Pharmacogenomics

David R, Gandara, Tomoya Kawaguchi, John Crowley, James Moon, Kiyoyuki Furuse, Mt::saakf Kawahara,
Satoshi Teramukai, Yuichiro Ohe, Kaoru Kubata, Stephen K. Williamson, Oliver Gautschi, He‘mz ]oief Lenz,
Howard L. McLeod, Primo N. Lara Jr, Charles Arthur Coltman Jr, Masahiro Fukuoka, Nagahiro Saijo,
Masanori Fukushima, and Philip C. Mack

A B S TR A CT

?gmeo::lore whether population-related pharmacogenomics contribute to differences in patient
outcomes between clinical trials performed in Japan and the United States, given similar study
designs, eligibility criteria, staging, and treatment regimens.

Methods . .

We prospectively designed and conducted three phase Hi trials (Four-Arm Cooperative Study,
LC00-03, and S0003) in advanced-stage, non~small-cell lung cancer, each with a common arm of
paclitaxel plus carboplatin. Genomic DNA was collected from patients in LC00-03 and S0003 who
received paclitaxel (226 mg/m?2) and carboplatin {area under the concentration-time curve, 6)
Genotypic variants of CYP3A4, CYP3A5, CYP2CB, NR112-2068, ABCB1, ERCC1, and ERCC2 were
analyzed by pyrosequencing or by PCR restriction fragment length polymorphism Results were
assessed by Cox mode! for survival and by logistic regression for response and toxicity

Results

Clinical results were similar in the two Japanese trials, and were significantly ditferent from
the US trial, for survival, neutropenia, febrile neutropenia, and anemia. There was a significant
differance between Japanese and US patients in genotypic distribution for CYP3A4*1B (P = 01},
CYP3A5*3C (P = 03}, ERCC1 118 (P < ,0001), ERCC2 K751Q (P < .001), and CYP2C8 R139K
(P = .01). Genotypic associations were observed between CYP3A4*1B for progression-iree
survival (hazard ratio {HR}, 0 36; 95% Cl, 0,14 t0 0.94; P = 04} and ERCC2 K751Q for response
{HR, 0.33; 95% ClI, 0.13 10 0 83; P = .02}, For grade 4 neutropenia, the HR for ABCB1 3425C—T
was 1.84 {95% Cl, 0.77 to 448, P = 19},

Conglusion

Differences in allelic distribution for genes involved in paclitaxel disposition or DNA repair were
observed between Japanese and US patients. In an exploratory analysis, genotype-related
associations with patient outcomes were observed for CYP3A4*18 and ERCCZ X7510Q. This

common-arm approach facilitates the prospective study of population-related pharmacogenomics
in which ethnic differences in antineoplastic drug disposition are anticipated

J Clin Oncol 27:3640-3546. © 2009 by American Society of Clinical Oncology
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Results may vary between different clinical trials that
evaluate the same treatiment regimen for many rea-
sons, including trial design, eligibility criteria, pa-
tient characteristics, and subtle alterations in the
treatment regimens themselves. An additional ex-
planation for divergence of outcomes is host-related
genetic differences assaciated with ethnicity, which
is particularly pertinent when trials that are per-
formed in different parts of the world are compared,

s More than 10 years ago, the Southwest On-
SR cology Group (SWOG) established 2 collabora-
tion with Japanese investigators of lung cancer to
provide a forum for exchange of research data, to
facilitate standardization of clinical trial design
and conduct, and to establish areas for joint col-
laboration.' We hypothesized that outcome differ-
ences between trials performed in Japan and the
United States that evaluated similar treatment regi-
mens in advanced-stage, non-small-cell lung cancer
{NSCLC) could be explained by population-related

3540 © 2009 by Amencan Saciety of Clinicat Oncology

~ 210 ~



Japan-USA Common-Arm Analysis

pharmacogenomics. To evaluate this possibility, we prospectively de-
signed three phase Il trials, (Four-Arm Cooperative Study [FACS},
LC00-03, and S0003), each with similar patient eligibility criteria,
staging, and treatment with a common arm of paclitaxel plus carbf>—
platin. We have reported previously that, despite this effort at trial
standardization, differences in clinical outcomes were observed in
Japanese versus US patients treated on these studies.™* Herein, we
report the results of a clinical and pharmacogenomic analysis that
involved patients from two of the three clinical trials (LC00-03 and
S0003), and we report implications for additional studies by using this
clinical research approach in which population-related differences in
drug disposition are anticipated.

Patients

The clinical trial methodology employed was prospective design of three
separate-but-equal, randomized, phase {1 tdals in advanced-stage NSCLC,
each with its own comparator regimens but linked by a common treatment
arm of pachtaxel plus carboplatin, in FACS, patients were tandomly assigned
to a standard treatment in Japan (irinotecan plus cisplatin) versus experimen-
tal arrus of paclitaxel plus carboplatin, gemcitabine plus cisplatin, and vinorel-
bine plus cisplatin, LC00-03 compared paclitaxel plus carboplatin to the
nonplatinum regimen of sequential vinorelbine plus gemcitabine followed by
docetaxel, whereas patients on S0003 were randomly assigned to paclitaxel
plus carboplatin with or without the hypoxic cytotaxin tirapazamine,

Clinical results for the three trials have been previously presented and
published separately.*® Common elements of eligibility criteria are sum-
marized here. All patients had histologically or cytologically confirmed
chemotherapy-naive NSCLC with stage IV (ie, no brain metastases) or selected
stage I1IB disease (ie, positive pleural or pericardial effusion or multple ipsi-
lateral lung nodules); measurable or assessable disease, performance status
{PS} of 0 or 1; and adequate hematologic, hepatic, and renal function. All
patients gave written informed consent in accordance with institutional regu-
lations, and each protocol was approved by the respective institutional review
boards; trials were conducted with adherence to the Helsinki Declaration.

Treatment Schedule, Dose Modifications, and
Toxicity Assessment

Study elements of S0003, FACS and LC00-03 were designed to be as
sunilar as possible: each study contained a common am of paclitaxel plus
carboplatin, which was repeated on a 21-day schedule. In all three studies,
carboplatin was dosed at an area under the concentration-time curve (AUC)of
6.0 mg/mL/min on day 1. Paclitaxel was dosed at 225 mg/m? in S0003 and
LC00-03 and at 200 mg/m” in FACS because of regulatory requirements for
this study; in each study, paclitaxel was delivered as a 3-hour infusion on day 1.
Premedication to prevent paclitaxel-related allergic reactions were similar.
Prophylactic granulacyte colony-stimulating factor was not utilized. A com-
plete bleod countand chemistries were podormed onday | of eaclycyde. Dose
modifications occurred s previously described.” Patients wese evaluated avery
e cyeles for objestive response by using RECIST {Response Evaluation
Critetin in Solid Tumors) eriteria” Toxiciy grading was performed in‘sccor:

dance with the National Cancer Institute Common Toxicity Criteria, version
2.0, in each study,?

DNA Extraction and Genotyping

Specimens were not available from FACS; therefore, this analysis com-
pares pharmacogenomic results from LC00-03 with S0003. Whole-blood
speaimens were collected from consenting patients at the time of enrollment
on to LC00-03 and 50003. For S0003, DNA-was extracted from patient plasma
by using the Gentra PureGene Blood Kit (Gentra, Minneapolis, MN) and the
QlAamp DNA Blood midi kit (Qiagen, Valencia, CA), and DNA was recon-

WWW.JC0.0rF

stituted in a buffer that contained 10 mmoVl/L Tris (pH 7.6) and } mmol/L
EDTA, as previously described.® For LC00-03, DNA was extracted from buffy
coats by using the GenElute Blood Genomic DNA Kit {Sigma-Aldrich, 5t
Louis, MO}, Selected genotypic variants related to paclitaxel disposition (ie,
the ABC transporter superfamily {multidrug resistance {MDR] transporter 1
P-glycoprotein, ABCBI 3435C—T], the pregnane X receptor (PXR, NR112-
206 deletion), CYP3A4 (CYP3A4*18 392A—G, 5' untranslated region),
CYP3A5 (CYP3AS*3C 6986A—G, splice variant), CYP2(8 (CYP2(38"3
416G— A, R139K) or to platinum-related DNA repair enzymes ERCCI
(118C~>T, silent) and ERCC2 (XPD, K751Q) previously reported to be of
functional consequence were analyzed by polymerase chain reaction {PCR) or
pyrosequencing, as previously described.” " Briefly, PCR was conducted by
using Amplitaq Gold PCR master wmix (ABI, Foster City, CA), 5 pmol of each
primer, and 5 to 10 ng of DNA. Pharmacogenetic analysis was conducted by
using the Pyrosequencing hsAPSQ96 instrument and software (Biotage, Upp-
sala, Sweden). The genotype was considered variant if it differed from the
Reference Sequence consensus sequence for the single-nucleotide polymor-
phism (SNP) position (http://www.ncbi.nim.nih.gov/RefSeq/), The ERCCi
polymorphism was analyzed by PCR restriction fragment length polymor-
phism, as previously described, '

Statistical Methods

Comparison of clinical results among the three trials was prospectively
planned and was coordinated through the SWOG statistical center. Pharma-
cogenomic results were assessed by Cox model for progression-frec survival
{P¥5) and overall survival and by logistic regression for responseand toxicity,
adjusted for sex and histology.'” Comparisons of patient demographics, tox-
icity, and efficacy parameters were rade, when applicable, from the svailulle
data sats, by two-sample 1 30t3, Tog-rank tests, and Wikeoxon rank sum tests.

Clinical Results Summary

Clinical results are presented for all three trials to document
similarities between the two Japanese trials compared with the US
5003 trial, whereas pharmacogenomic information was derived only
from LC00-03 and S0003. Table 1 summarizes characteristics of pa-
tients on the paclitaxel-plus-carboplatin arms of each of the three
teials. The median ages and age ranges were similar, and there were
no significant differences in sex, stage, or histology. [n S0003, 3% of
patients self-reported Asian heritage, not additionally specified. Tox-
icity, efficacy, and dose delivery comparisons are listed in Table 2,
which compares S0003 versus FACS/LC00-03 when applicable.
Grades 3 to 4 neutropenia and febrile neutropenia were comparable

Table 1. Patient Demographic and Clnical Characteristics

Trial
FACS £C00-03 50003
{n = 148) in =187} in = 184}
Characteristic No % No % No % P
Age, years ' 03
Median 63 65 63
Range 33-74 33-81 28-80
Female sex 48 32 61 3 68 37 42
Disease stage IV 17 8 162 82 181 87 20
Nonsquamous tumor type 114 78 167 86 152 83 17

Abbrevistion: FACS, four-arm cooperative study

“Two-sample { test to compare LCO0-03 and S0003 dsta Pauentlevel data
not availgble for FACS

© 2009 by American Socety of Clinioal Oncolegy 3541
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Tahle 2. Toxicity Comparisons

Trial

FACS {n = 148}

LCO0-03 {n = 197]
s s

$0003 (h = 184)

1
P
Toxicity No % No % No 3:4 . \
Newtropena grades 3-4 130 a8 ‘21 :2 72 5 < 0001
Febnle neutrapenia grades 3-4 27 8 " ) 12 65 )
Thrombocytopenia grades 3-4 18 ) 16 8 12 7 03
Anemia grades 34 22 15 32 e 0 6 %
Neuropathy grades 2-4 25 17

dobrevation FACS, four-arm cooperative study

i EACS and LC00-03 and were significantly greater than in S0003.
Anemnia was more frequent in FACS compared with the two other
trials (Table 2). Efficacy comparisons are summarized in Table 3.
Response rates were similar between the three trials and ranged from
320% to 36%. Median PFS rates were 4.5, 6, and 4 months in FAGCS,
L.C00-03, and S0003, respectively, Median survival rates were higher in
the Japanese studies at 12 and 14 months, versus 9 months in S0003,
and 1-year survival was significantly higher in FACS and LC00-03 than
in SO003 (P = .0004). Dose delivery, sumnmarized in Table 4, waslower
wn EACS than in S0003 and LC00-03. Dose reductions were similar

berween LC00-03 and 50003. Dose reduction data were not available
from FACS.

Pharmacogenomic Results

Table 5 lists allelic distributions of patients with cormon, het-
erozygous, and variant alleles in the Japanese (LC00-03) and US
{S0003) trials, Fisher’s exact test was used to determine whether allele
distributions were different between the populations. There were sig-
nificant differences between patients from Japan {(LC00-03) and the
United States (S0003) in genotype distribution for CYP3A4*1B
(P = .01), CYP3A5*3C (P = .03), ERCCI 118 (P < .0001), ERCC2
K751Q (P < .001), and CYP2C8*3 (P = .01).

Across populations, genotypic correlations were observed be-
tweert CYP3A4* 1B for PFS (hazard ratio [HR], 0.36; 95% CI, 0.14 to
0.94; P = .04) and ERCC2K751Q for response (HR, 0.33;95% C1,0.13
to 0.83; P = 02). There were no other significant associations noted

Table 3. Efficacy Companisons

Triat
FACS LCO0-03 350003

Parameter in = 148} {r =197 in = 184) P
Response 55

No 47 73 61

% 32 37 33
7FS, months 45 6 4 04"
MST, months 12 14 g 008"
Voyeal sufvival 51% 87% 37% 0004

Abbreviations FACS, four-arm cooperative study;
survival; MST, median survival tirne

*Logrank test to compare LCO0-03 and SO003 Patientlevel data not
avaiable for FACS

PFS, progression-free

3542 © 2008 by Armancan Society of Clinicg! Oncology

(Table 6). For grade 4 neutropenia, the HR for ABCB1 3425C—T was
1.84 (95% CI, 0.77 to 4.48; P = .19). The relationship between the
ERCC2 polymerphism and patient response stems principally from
US patients. All but one Japanese patient was homozygous for the
common allele (A/A). Those who harbored one or more variant alleles
were significantly more likely to respond to treatment compared with
those who had the common genotype. The response rate for patients
with variant alleles was 51% versus 19% for patients homozygous for
the common allele P = .004). However, no differences were observed
in overall survival when stratified by this locus.

In S0Q03 (ie, the US trial), there were seven African American
patients who had specimens available for genotyping. African Ameri-
can patients accounted for all seven patients who were heterozygous or
homozygous for the CYP3A4*1B allele (Table 5). Additionally, the

three patients with the common allele for CYP3A5*C were Afri-
can American.

This report describes the culmination of a unique multinational and
multistudy collaboration that explores the bypothesis that clinical
differences in treatment outcomes between Japanese and US patients
with NSCLC may be explained, in part, by pharmacogenomic factors.
Potential differences in drug disposition related to ethnic variability in
distribution of relevant single nucleotide polymorphisms are well
recognized. To our knowledge, however, the current project repre-
sents the first attempt to prospectively incorporate study of this topic
into 2 joint clinical trial design. To preplan such a multinational
endeavor required a high level of collaboration and comprormise
among all participants, including, in the case of FACS, Japanesc regu-
latory authorities. Nevertheless, this report demonstrates the overall
feasibility of using a common-arm methodology to investigate this
research topic, in which a single, prospectively planned, joint study
cannot be conducted. Considering the limitations of the dlinical and
pharmacogenomic data sets generated in this effort, and considering
the multiple comparisons generated, the results reported here should
be viewed as exploratory only and as primarily useful for refining this
common-arm model of multinational collaboration, Even so, the
clinical results are remarkably consistent with those anticipated, in
which expectations were for both improved efficacy and higher levels
of toxicity in Japanese patients who reccived a similar treatment rej-
men. Observation of clinical differences despite reduced paclitaxel
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Table 4. Trestment Delivered

Trial
FACS (n = 145) 1.C00-03 (n = 187) S0003 {n = \BALW
9 % P
R Treatmert Datg No % No Yo No - b -
| 4
§ Median cycles delivered ) 38 ” . . - o e
" Received > three cycles 35 " < oo
' Received six cycles 18 11 58 g? gg % e
© Dose was reduced No data No data 100

Abbreviation: FACS, four-arm cooparative study

tt———t,

Witcoxon fank sum test o compare LCO0-03 and S0003 Patient-level data not available for FACS

dosing and drug delivery of paclitaxel plus carboplatin in the FACS
Japanese study highlights the contrast, .
The rationale for conducting this common-arm project specifi-
cally in collaboration with Japanese investigators was based on several
factors, including the established SWOG interaction described earlier,
the high quality of lung cancer investigation by Japanese cooperative
groups, and prior literature that suggested that overall, Japanese pa-
tients achieve better results than their US counterparts, However, the
most compelling rationale was prior pharmacogenomic literature,
which suggested that relevant drug disposition differences might exist
between US and Japanese populations treated with cancer chemo-
therapeutic agents. Well recognized here are alterations in irinote-
can metabolism as a result of variability in the allelic distribution of
UDP-glucuronosyltransferases, particularly UGT1A1*28 in different

Table 5. Genotype Proliles in Jspanese and US Patients on LC00-03
and S0003
No of Patients
Polymorph:sm by
Trial Location Com Het Var P
CYPIA4 1B
Japan 73 0 0 a1
:  United States 64 4 3
POy RA5C
Japan 7 16 50 03
United States 3 7 86
CYP2C8 {R139K
Y Japan 69 2 0 Eol|
United S1ates 57 ? 8
ABCB1 {3435CT)
Japan 33 21 17 1
United States 24 23 29
" NR1I2 {208 deletion)
Japan 51 18 3 .26
United States 40 25 8
ERCCt (1R}
Japan B 27 43 < 0001
Uniteo States 23 33 19
ERCC2 {K751Q)}
Japan 73 1 0 < .00
United States 37 27 8
NOTE LC00-03 is the trial in Japan; SO003 is the trial in the United States
Fisher’s exact test was used to determine whether aliele distributions were
differert between the pooulations
Aboreviations: Com, common allele; Het, heterozygous allele; Var,
varant allele

WWW. 0,618

ethnic groups, as Asians have a much lower frequency of variant
alleles. Recently, a comparative analysis of patient-level data from
phase III trials m smell-cell lung cancer in Japan (J9511) and the
United States (S0124) demnonstrated significant differences in toxicity
profiles between the two groups. In addition, a pharmacogenomic
analysis of 0124 showed significant associations between genotypic
variants and toxicity levels.'*'

The genes evaluated in this study were selected on the basis of
their potential to influence paclitaxel disposition or DNA damage
repair. Paclitaxel is principally eliminated through multiple hydroxy-
lation reactions mediated by cytochrome isoforms CYP2C8, CYP3A4,
and CYP3A5."%? The CYP2C8*3 variant (R139K), which is associ-
ated with decreased metabolism of paclitaxel, occurs at a frequency
of 9% to 15% in white patients but is rare in African and Asian
populations,** In this study, the allele frequency in the US popula-
tion was 12%, which was significantly different from the less-than-1%
frequency in the Japanese cohort (P = .01). CYP2C38 genotypic vari-
ability at R139K was not significantly associated with patient outcome.
CYP3A isozymes account for 45% to 60% of paclitaxel metabolism.
In white patients, the CYP3A5 allele is commonly nonfunctional as a
result of a transition in intron 3 that produces a truncated splice
variant.” Qur findings are consistent with that of Hustert et 2,2 who
reported frequencies of functional CYP3AS as 5% in white patients,
29% in Japanese patients, and 73% in African American patients: OF
patients enrolled onto the 50003 wial conducted in the US, three of
three with the functional allele (indicated as common in Table 5)
were African Americans, as were three of the seven heterozygous
patients. Although trends were observed, CYPIA5*3C genotypic
variability was not significantly associated with patient outcome
(overall survival P= 07; PFS P = 09), perhaps related to the small
sample size. Similarly, the CYP3A4* 1 Ballele was observed in seven-of
seven African American patients but wasabsent in white and Japsnese
patients. In ‘vitro studies suggest that the CYP3A4*IB variant has
enhanced activity over comumion allele,”® An association was observed
between occurrence of the CYP3A4* 18 and PES {P = .04); however,
this association should be interpreted in the context that only African
American patients harbored this allele. Thus, it remains unclear
whether this potential relationship with outcome is associative or
causative, The PXR (NR112-206 deletion) is a master regulator of
genes involved in xenobiotic detoxification and influences transerip-
tion of CYP3A4, CYP3AS, CYP2CS, and MDR-1 (ABCB1),7"% Pacli-
taxel ‘can activite PXR, which enhances drug clearance through
increased activity of MDRL* No significant differences by genotype
were observed for PXR or ABCB1, although there was a trend toward

© 2009 by Amaricsn Society of Chaical Oncology 3543
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i Table 6. Cox Mode! to Compare Qutcomes by Pelymorphism
1 Analyses
Quicome by . HR 95% C! F
Z Polymorphism Comparison
| ABCH1 3425 109 07110167 69
Overall survival Com v Het/Var {CC v CT/TT) 104 0701t 1.56 a2 |
i 097 03910238 1.00 1
Response 0.50 0272101 30 19
Meutropenia
CYPZ2C8 R138K . 76
108 D61t 196
Queralt survival Com v HetfVar (GG v GAJAA) ' 12 063102 00 &0 |
Pes 1.92 046t011.17 51 !
Responsea 130 03510500 a7
Neuropena
CYP3A4* 1B
72 48
3 survi Com v Het/Var {AA v AG/GG) 074 032101
S:;rall survivel 0.36 01410084 04
Aesponse 063 0.10104.76 84
Neu{)ropema 044 004t0294 58
CYP3AS 3C )
Querall survival Com/Het v Ver (ANAG v GG) 164 08510286 07 .
PFS 156 09310263 09 :
Re\sponse 181 05304786 a7
Neutropenia 130 04410385 78
ERCCT (118}
Overall survival TT v TC/CC 120 Q07410196 45
PES 11 0.6910 182 .65
Response 145 048104.17 81 |
Neutropenia Q57 020t 1.861 35
ERCCZ K751Q H
Querall survival Com v HetVar {AA v ACICC) 097 08310148 89
PFS 085 05510130 a5
© Hesponse 033 01310083 02
{ Neutropenia 075 030t0185 63
+ ar112-208 del
i Overall survival Com v HetfVar 206 deletion 0.82 05316125 35
i prg 0.83 0.63 101,39 75
Response 082 0.34162 00 77
Neutropena 088 03710208 80
Abbreviations, HR, hazard ratio; PFS, progression-tree survival; Com, common allele; Het, heterozygous allele; Var, variant allele

neutropenia (P = .19} for patients who harbored the ABCB1 3435
common allele.

The ERCC2 gene, also known as xeroderma pigmentosum
complementation group D, encodes a DNA helicase which complexes
with TFIIH, a transcription factor essential for replicationand nucle-
otide excision repair.”! Several nonsynonymous SNPs have been de-
scribed in this gene, indluding an Asp— Asn (G—A)atcodon 312in
exon 10anda Lys—>Gln (A—C) at codon 751 in exon 23 and are likely
in linkage disequilibrium with each other.”>*® The functional conse-
quences of these SNPs are still in contention, and the majority of
studies indicate that variants in these alleles result in reduced DNA
repair capacity.’*** Additionally, most studies indicate that ERCC2
variants confer an increased risk of lung cancer. 324394248 1y thic
study, 51% of patients (ie, 37 of 72 patients) from the US were ho-
mozygous wild type for the common (A) allele. These patients were
significantly less likely to respond to trestment compared with US
patients who had one or more variant alleles (A/C or CIC). How-
ever, no differences in overall survival were observed on the basis of
ERCC2 K751Q allele frequencies. In addition, this allele cannot

3548 © 2008 by Amencan Society of Chincat Ongology

account for the improved survival experienced by Japanese pa-
tients, as they uniformly harbored the common A/A genotype (and
only one patient harbored A/C). The ERCCI 118 C—T SNP does
not result in an amino acid substitution, although studies have
nevertheless identified associations with patient outcome in vari-
ous tumor types.”® It has been suggested that this variant may
modulate ERCCI mRNA and protein expression and/or may be in
linkage disequilibrium with other functional SNPs. %50 for.
ever, three reports in NSCLC found no associations between the
ERCCI 118 and patient outcome. ™% Here, we found a highly
significant divergence in allele frequency between Japanese and US
patients (P < .0001); however, no Impact on patient oucome
was observed,

In summary; the results of cancer clinical trials to test the same
regimen may differ for a variéty of rensons, including differences
related to ethnicity, FACS, LC00-03, and 50003 were prospectively
designed to facilitate a comparison of patient outcomes and phar-
macogenomic results, in a setting where joint clinical trials spon-
sored by the US National Cancer Institute were not possible, Our
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results suggest that global clinical trials (ie, those conducted inter-
nationally) should be carefully designed and conduc.ted to acgount fo'r
potential genetic differences in the patient populations sn‘xdxed. This
common-arm approach provides a model for the pros?ecfwe study <')f
population-related phalmacogenomic§ m which ethnic differences in
antineoplastic drug disposition are anticipated.
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Outcome of 93 patients with relapse or progression following
allogeneic hematopoietic cell transplantation

Saiko Kurosawa, Takahiro Fukuda,* Kinuko Tajima, Bungo Saito, Shigeo Fuji, Hiroki Yokoyama,
Sung-Won Kim, Shindchiro Mori, Ryuji Tanosaki, Yuji Heike, and Yoichi Takaue

Relapse/progression after allogeneic hematopoletic cell transplantation (allo-HCT) remains the major cause
of treatment failure. In this study, the subsequent clinical outcome was overviewed in 292 patients with leu-
kemla/myelodyspiastic syndrome who received allo-HCT. Among them, 93 (32%) showed relapse/progres-
sion. Cohort 1 was chosen to recelve no interventions with curative intent (n = 25). Cohort 2 recelved rein-
duction chemotherapy and/or donor lymphocyte infusion (n = 48), and Cohort 3 underwent a second allo-
HCT (n = 20). Sixty-three patients recelved reinduction chemotherapy, and 27 (43%) achleved subsequent
complete remission (CR). The incidence of nonrelapse mortality (NRM) was similar among the three cohorts
(4, 15, and 5%). The 1-year overall survival (OS) after relapse was significantly better In patients with a sec-
ond HCT (58%) than in others (14%, Cohoris 1 and 2; P < .001). However, the 2-year OS did not differ
between the two groups, which suggests that it is difficult to maintain CR after the second HCT. Multivariate
analysis showed that reinduction chemotherapy, CR after intervention, second HCT, and longer time to
post-transplant relapse were associated with Improved survival. In conciusion, for patlents with relapse
after allo-HCT, successful reinduction ¢chemotherapy and a second HCT may be effective for prolonging sur-
vival without excessive NRM. However, effective measures to prevent disease progression after a second

HCT clearly need to be developed. Am. J. Hematol. 84:815-820, 2009.

Introduction

Relapse or progression of leukemia occurring after allo-
genelc hematopoietic cell transplantation {allc-HCT) remains
the major cause of post-transplantation mortality, with a
median postrelapse survival of 1,6-6 months when aggres-
sive intervention Is suspended [1~6]. The optimal treatment
strategy for these patlents has not yet been established,
Although some patients can be reinduced inte complete
remission (CR) with conventional chemotherapy, only a few
become long-term survivors while maintaining conventional
chemotherapy [4-6], and the benefit of donor lymphocyte
infusion (DL} for acute leukemia is limited [1,3,7].

Several studies have shown that a second alio-HCT
improved survival after relapse and represents a potential
therapeutic option, which may increase the duration of leu-
kemla-free survival (625 months) [1,6,8-14]. However, this
Is associated with a high rate of nonrelapse mortality
(NRM) (24-75%) [8-13,15). In many studies, the results
regarding a second HCT are generally represented by het-
erogeneous cohorts of patients or series with relatively few
patlents carrying vatiable backgrounds. Furthermore, most
studies have not compared the outcome of a second HCT
with that of other interventions in the modern treatment era.

To Identify the factors that influence the outcome of
patients with relapse after various salvage theraples,
including second HCT, we performed a retrospective single-
center analysis of consecutive 292 patients.

Patients and Methods

Palients. Between January 2000 and December 2008, a total of 292
patients with leukemia or myelodysplastic syndrome (MDS) underwent
allo-HCT at the National Cancer Center Hospital. Reoipients of haplol-
dentical transplants from related donors and patients aged 15 or under
were not Included in this study. The characteristics of the patients and
transplantations are summarized in Table . The underlying diseases
were AML (n = 142), MDS (n = 73), CML (n = 34), and ALL (n = 43).
The median age at the Initlal HCT was 50 years (range: 16-68). Of the
292 patients, 148 received an Initial HCT with myeloablative condition-
ing (cyclophosphamide plus fractionated TBI or busulfan), and the
remaining 144 received reduced-intensity conditiening (RIC; fludara-
bine- or cladribine-based).

© 2009 Wiley-Liss, Inc.
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Definitions, Relapse/progression after transplantation was defined as
the presence of or increase in leukemic blasts as dstected by morphol-
ogy slther In bone marrow or peripheral blood. Detection of minimal re-
sldual disease by flow cytometry, PCR, or decreasing donor chimerism
did not constitute evidence of recurrence In the absence of morpholegl-
cal abnormalities. CR was defined as normocellular bone marrow with
less than 5% blasts along with the absence of blasts In the peripheral
blood [16]. Postrelapse overall survival {OS) was measured from the
date of relapse or progression to the time of death or censored date of
last contact, Withdrawal of Immunosuppression (WIS) was defined as the
cessation of immunosuppression at the diagnosis of relapse or progres-
slon. Ghemotherapy was categorized into two groups: reinduction chemo-
therapy and less-intensive chemotherapy Intended for palllative treatment.
Disease-spacific reinduction chemotherapy Included high-dose cytarabine,
Idarublein + cytarabine, aclarublein + low-dose cytarabine (17,18}, and
other remisslon-induction therapies for myeloid and lymphoid leukemla.
Imatinle mesylate for CML, all-trans reflncic acld or arsenlc trioxide for
acute promyelocytic leukemla (APL), gemtuzumab ozogamicin for CD33-
positive AML, and Intrathecal chemotherapy alone for Isolated ceniral nerv-
ous systemn (CNS) relapse were also included in the reinduction chemo-
therapy group, Less-intensive chemotherapy Included oral hydroxyurea,
cytarabine or 8-mercaptopurine, and the sole intravenous administration of
aclarublcin or vineristine, which are not thought to be Intensive enough fo
achleve remisslon, but are almed at palliation. NRM was defined as death
from toxicities related to therapy without diseass recunence.

Interventions were categorized into three cohorts: Cohort 1, WIS or
less-aggressive chemotherapy; Cohort 2, reinduction chemotherapy
and/or DLI; Cohort 3, second allo-HCT,

Statlstical analysis. Data were retrospectively reviewed and analyzed
as of August 2007, The primary endpolnt of the study was OS following
relapse/progression. OS was estimated by the Kaplan-Meier method.
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The log-rank test and generalized Wilcoxon test were used {o compare
the probabliitles of survival aver time across patient subgroups. Multiple
cox regression models were used for multivarate risk-factor analysis
for OS following relapse/progression. The clinlcal factors evaluated

TABLE I, Patient and Transplanation Characteristics

Characteristics All patlents Relapsed pallenis %*
No. of patlents 202 93 (32)
Age, year, median (rangs) 50 {16-88) 47 (16-68)
Diagnosls®
AML 142 57 (40}
MDS 73 13 (9)
CML 34 5{4)
ALL 43 18 (13)
Geonder
Male 173 49 (35)
Female 119 44 (31)
Matched relafed donor
Yes 126 44 {31)
No 167 49 (35)
Conditlonlng regimen
Myeloablative
TBl-based 80 . 38 (27)
BU/CY-based 58 21 {16)
RIC 144 34 {24)
Stem cell source
125 37 (26}
PBESC 149 49 (35)
cB 18 7(5)
Disoase status at first HCT .
CR 150 42 (30)
non-CR 142 51 {36)
GVHD prophylaxis
CSP-based 243 77 {64)
TAC-based 49 18 (11)

AML, ecute myelold leukemla; MDS, myelodysplastic syndroms; CML, chronle
myelold leukemia; ALL, acute lymphold leukemia; TBI, tolal body Irradiation; BU/
CY, busulan/eyclophosphamide; RIC, reduced-intensity conditioning; BM, bone
marrow; PBSC, peripheral blood stem cell; CB, cord blood; CR, complate remis-
sion; GVHD, gralt-versus-host disease; CSP, cyclosporin; TAC, tacrolimus.

% The percentage shown here Indlcates the proportion fo relapsed patients
among each category.

5 MDS overt leukernla was catogorized Into AML.

were diagnosls, patient age at the Initial HCT, gender, conditioning in
the Initial HCT (mysloablative or RIC), donor in the Initinl HCT (HLA-
matched related or others), disease status at the initlal HCT, interval
from .}he initlal HCT to relapse/progression, Interventions that were cho-
sen after relapse {Cohorts 1~3), and the response to the initial Iinter-
vention. We considered two-sided P-values of <0.05 to be statistically
significant, Statistical analyses were performed with the SPSS statistics
and SAS verslon 8.2 (SAS, Cary, NC).

Results

Relapse or progression

The characteristics of all patients and relapsed patients
are shown in Table |, Overall, 93 of the 292 patients (32%)
relapsed or progressed at a medlan of 154 days (range;
15-1,211) after the Initial HCT (AML, n = 5§7; MDS§, n =
13; CML, n = 5; ALL, n = 18). The interval from the initial
HCT to relapse/progression was less than 100 days in 34
patients, 100 days to 1 year in 38 patlents, and more than
1 year In 20 patients.

TABLE Il. Qutcomes of Interventions after Relapse

QS after relapse,

Thetapy n CR (%) NBM (%) day, medlan, (range)

Total 93 34 (37) 9 (10) 184 {6~1458)

No aggressive Tx 26 1) 1(4) 61 {5—245)
No therapy 7 1] 1] 56 (22-166)
WIS alone 10 1 1 60 (5-245)
Less- Int, CTX 8 0 0 74 (12-203)

Chermotherapy/DLI 48 18 (38) 7 (16) 194 (19-1,456)
Relnduation CTx 31 9 (20) 2 (6) 187 (19-1,456)
CTx + DU 14 7 (60) 4 (29) 194 (52-1,2654)
DLI alona 3 2 (87) 1 {33) 24D {32-243)

second HCT 20 18 (75) 1 (5) 602 (66-967)
CR, comp) isslon; NAM, nonrolapse mortallly; O8, overall survival; Tx, ther-

apy; WIS, withdrawal of fimmunosuppression; Less-Inl. CTx, less-intenslve chemo-
therapy; DL, donor lymphaoyts infusion; HCT, hematopoletic cell transplantation,

Al Patients
n=2e2

Relapsed Paflents After 1t HCT
n=93

Rednduotingy GTX
yi=63

NoAggressive Tx |

Figure 1. Summary of interventons alter refapse. Abbreviations: HOT, hematopoletic cell fransplantation; CTx, chemotherapy; Tx, therapy; CR, complete remission;
DL!, donor lymphaeyte Infusion; NR, nonremission; NRM, nonrelapse mortality, [Color figure can be viewed In the online issue, which Is available at wwwiintersclence,

wiley.com.]
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