F2. JVRAVRBBHBOBEFHIO1H] (JCOG 0403 TOIREHIFY)

Organ Dose Volume Dose Volume

Lung 40Gy <= 100¢cc MLD <= 18cc
V15 <= 25% V20 <= 20%

Cord 25Gy Max

Esophagus 40Gy <= lecc 35Gy <= 10cec

Pulmonary artery 40Gy <= lecc 35Gy <= 10ce

Stomach 36Gy <= 10ce 30Gy <= 100ce

Intestine 36Gy <= 10cc 30Gy <<= 100cc

Trachea, main bronchus 40Gy <= 10cc

Other organs 48Gy <= lcc 40Gy <= 10cc
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Summary: Glutathione S-transferases (GSTs) play a vital role in phase Il biotransformation of many synthet-
ic chemicals including anticancer drugs. Deletion polymorphisms in GSTT1 and GSTM1 are reportedly asso-
ciated, albeit controversial, with an increased risk in cancer as well as with altered responses to chemother-
apeutic drugs. In this study, to elucidate the haplotype structures of GSTT1 and GSTM1, genetic variations
were identified in 194 Japanese cancer patients who received platinum-based chemotherapy. Homozygotes
for deletion of GSTT1 (GSTT1"0/ "0 or null) and GSTM1 (GSTM1"0/ "0 or null) were found in 47.4% and
47.9% of the patients, respectively, while 23.2% of the patients had both GSTT1 null and GSTM1 null
genotypes. From homozygous (+/+) and heterozygous ("0/+) patients bearing GSTT1 and GSTM1
genes, six single nucleotide polymorphisms (SNPs) for GSTT1 and 23 SNPs for GSTM1 were identified. A
novel SNP in GSTT 1, 226C > A (Arg76Ser), and the known SNP in GSTM1, 519C> G (Asn173Lys, “B),
were found at frequencies of 0.003 and 0.077, respectively. Using the detected variations, GSTT1 and
GSTM1 haplotypes were identified/inferred. Three and six common haplotypes (N=10) in GSTT1 and
GSTM1, respectively, accounted for most (> 95%) inferred haplotypes. This information would be useful in
pharmacogenomic studies of xenobiotics including anticancer drugs.

Keywords: GSTT1; GSTMI; nonsynonymous SNP; haplotype; haplotype-tagging SNP
apeutic drugs and environmental toxins as well as en-

dogenous substances. In addition, GSTs possess
selenium-independent GSH peroxidase activity to reduce

Introduction
Glutathione S-transferases (GSTs) (EC 2.5.1.18) are di-

meric phase Il metabolic enzymes that mainly catalyze
conjugation of reduced glutathione (GSH) with a variety
of electrophilic compounds including carcinogens, ther-

organic hydroperoxides, and therefore, play significant
roles in detoxification, occasionally toxification, and cel-
lular protection against oxidative stress.” Noncatalytical-
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ly, GSTs modulate signaling pathways by interacting with
protein kinases” and by binding numerous ligands for
nuclear hormone receptors,”

Human GS§Ts are com of three main families:
cytosolic, mitochondrial and microsomal (or membrane-
bound). The lic family, which is principally in-
volved in biotransformation of toxic xenobiotics, con-
tains at least 17 genes subdivided into seven separate
classes designated alpha, mu, pi, sigma, theta, zeta, and
omega.*® Increasing numbers of GST genes are identified
as polymorphic.

The f-class enzyme GSTT1 and the p-class enzyme
GSTM1 exhibit gene deletion polymorphisms (GSTT1*0
and GSTMI®0, respectively)” The null genotype of
GSTT1 (GSTT1°0/*0) is found in 15-40% of Caucasians
and 50-60% of Asians.” On the other hand, about half of
both Japanese and Caucasians and 30% of Africans are
homozygous for the GSTMI deletion (GSTM1°0/°0).” In
intact GSTMI, alleles *A and *B are used to discriminate
the single nucleotide polymorphism (SNP) with amino
acid substitution (thereafter, nonsynonymous SNP),
519C>G (Asn173Lys) in exon 7, in which both alleles
encode proteins that are catalytically identical for the
substrates, 1-chloro-2,4-dinitrobenzene (CDNB), trans-4-
phenyl-3-buten-2-one  (tPBO) and 1,2-epoxy-3p
-nitrophenoxy)propane (EPNP)." In addition, a tandem
duplication in GSTM1 associated with ultrarapid enzyme
activity was observed in Saudi Arabians.” A gene-dose ef-
fect has been clearly established: that is, homozygously
deleted (*0/*0), heterozygously (*0/+ ) and homozygous-
ly intact (+/+ ) GST genotypes correspond to non-, inter-
mediate, and high conjugators, respectively.'™'")

A large number of association studies on GSTM/ and
GSTT 1 null genotypes have been performed with inter-in-
dividual differences in susceptibility to environmental
toxins, cancer and other diseases, and in the outcomes of
anticancer treatments. Increased risk of lung, bladder,
breast and colon cancers were observed in carriers of
GSTM| or GSTT I null genotypes, while other studies have
reported controversial findings.*””) As for response to an-
ti-cancer drugs, pharmacodynamic correlations have
been investigated, but the obtained results are inconsis-
tent.” It should be pointed out that despite the possible
gene-dose effect, most association studies were only fo-
cused on null genotypes of GSTM! and/or GSTT 1. There-
fore, in addition to nonconjugators, discrimination be-
tween high and intermediate conjugators would be valua-
ble to evaluate the clinical relevance of these GST loci.
Also, certain SNPs in the intact genes might affect either
the expression of the gene or the activity of the encoded
enzyme.

In this study, we first determined the deletion geno-
types ("0, "0/+, and +/+) of GSTMI and GSTT1 by
conventional PCR and TagMan realtime quantitative
PCR for 194 Japanese cancer patients treated by

platinum-based chemotherapy. Then, we resequenced
the homozygous and heterozygous intact GSTMI] and
GSTT1 genes. Lastly, linkage disequilibrium (LD) and
haplotype analyses were performed using the detected
SNPs.

Materials and Methods

Human genomic DNA samples: All 194 patients
participating in this study were administered carboplatin
or nedaplatin in combination with paclitaxel for treat-
ment of various cancers (mainly non-small cell lung can-
cers) at the National Cancer Center. Genomic DNA was
extracted from blood leukocytes from all subjects prior
to the chemotherapy. The ethical review boards of the
National Cancer Center and National Institute of Health
Sciences approved this study. Written informed consent
was obtained from all subjects.

Conventional PCR amplification of the GSITI
deletion junction: We used the genotyping assay de-
scribed by Sprenger et al.,'” in which 1460 (for "0 allele)
and 466 bp (for exon 5 of the wild-type) PCR fragments
were coamplified by multiplex PCR. PCR reactions were
performed according to their method with minor modifi-
cation.'” Briefly, PCR mixtures contained 100 ng of
genomic DNA, 0.2 uM each of the 4 primers reported
previously, 0.2 mM each of four deoxynucleotide
triphospates (ANTPs), and 0.75 units of HotStarTaq poly-
merase (Qiagen, Tokyo, Japan) in a 50 ul volume. The
PCR conditions were 95°C for 15 min, followed by 30
cycles of 94°C for 30 sec, and 65°C for 1.5 min. PCR
fragments were analyzed on 1% agarose gels with ethidi-
um bromide in TAE buffer,

Conventional PCR amplification of GSTMI1: We
used the method of McLellan et al. (1997),” in which ex-
ons 3 to 5 of GSTMI were coamplified with B-globin as
an internal standard by multiplex PCR. The PCR reac-
tions were carried out according to their method” except
that 100 ng of genomic DNA and 0.75 units of HotStar-
Taq polymerase (Qiagen) were used in a 50 ul total
volume. The PCR conditions were 94°C for 15 min, fol-
lowed by 30 cycles of 94°C for 48 sec, 62°C for 48 sec,
and 72°C for 1.5 min, and then a final extension for 5
min at 72°C.

Quantitative real-time PCR for GSTMI and
GSTTI: Quantitative real-time PCR using the TagMan
(5"-nuclease) assay system was carried out according to
the method of Covault et al,,'” in which the amounts of
target GSTM] or GSTT] were quantified relative to those
of the reference f-2-microglobulin (B2M) or cannabinoid
receptor 1 (CNRI), respectively. Briefly, triplicate reac-
tions were performed for 5 ng of genomic DNA used as a
template in 1x TagMan Universal PCR Master Mix with
Amp Erase (50 l) (Applied Biosystems, Foster City, CA,
USA). The thermal cycling conditions were 50°C for 2
min and then 95°C for 10 min, followed by 40 cycles of
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95°C for 20 sec and 60°C for | min with the 7500 Real-
Time PCR System (Applied Biosystems). ‘E.

GSTT1 DNA sequencing: The heterozygous and
homozygous samples for GSTT! (*0/+ and +/+), the £
5'-flanking region (up to 801 bp upstream from the
translation start site), all 5 exons with their surrounding
introns and the 3’-flanking region were amplified by PCR
and directly sequenced. For the 1st round PCR, the reac-
tion mixtures contained 25 ng of genomic DNA, 1.25 u-
nits of Ex-Taq (Takara Bio. Inc. Shiga, Japan), 0.2 mM
dNTPs, and 0.2 4M primers listed in Table 1. The PCR
conditions were 94°C for 5 min, followed by 30 cycles
of 94°C for 30 sec, 60°C for 1 min, and 72°C for 2 min;
and then a final extension for 7 min at 72°C. The regions
from 5'-flanking to exon | and from exon 4 to 3'-flan-
king were amplified separately by the nested PCR with
Ex-Taq (1.25 units) and the primer sets (0.2 uM) listed in
*2nd round PCR" of Table 1. The 2nd round PCR con-
ditions were the same as described in the lst round PCR.
The 2nd round PCR products and the st round PCR
products for exons 2 and 3 were then treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH,
USA) and were directly sequenced on both strands using
an ABI BigDye Terminator Cycle Sequencing Kit (Ap-
plied Biosystems) with the sequencing primers listed in
Table 1 (Sequencing column). Excess dye was removed
by a DyeEx96 kit (Qiagen, Hilden, Germany). Eluates
were analyzed on an ABI Prism 3730 DNA Analyzer (Ap-
plied Biosystems). All novel SNPs were confirmed by
repeated sequencing of the PCR products generated by
new genomic DNA amplifications. The genomic and
cDNA sequences of GSTT | obtained from GenBank (NT_
011520.11 and NM_000853.1, respectively) were used
as reference sequences.

GSTM1 DNA sequencing: For samples with *0/+
and +/+, genetic variations were identified by rese-
quencing. Particular attention was paid to avoid amplifi-
cation of sequences of other homologous GSTMs because
exon 8 of GSTMI is 99% identical to that of GSTM2.")
We confirmed that PCR fragments were not amplified
from samples with GSTM1°0/*0 genotypes to evaluate
primer specificities. The entire GSTM] gene except for
the region through exon 8 to the 3'-flanking region was
amplified in the 1st round of PCR from 25 ng of genomic
DNA utilizing 1.25 units of Ex-Taq with 0.2 uM of
primers listed in Table 2. Next, three regions (from 5'-
flanking to exon 3, from exon 4 to 5, and from exon 6 to
7). were separately amplified in the 2nd round PCR from
the 1st round PCR product by Ex-Taq (0.625 units) with
0.2 M primers listed in Table 2. The region from exon
8 to the 3’-flanking was separately amplified from 25 ng
of genomic DNA using 0.625 units of Ex-Taq with 0.2
MM primers (listed in Table 2). All PCR conditions were
the same as those described for GSTTI. PCR products
were then directly sequenced with the primers listed in

Reverse primer

Forward primer

Sequence (5" 10 1")

Table 1. GSTT1 primer sequences

1723
1314
1257
010
1124
1021

Position”
3774444
3766589
3772011
3774478
3766628
3775000

3774478

3772099
3769661

1768725
3767204
3766628

ACTCTTGGCAAACATCAGGG

ATGATCCCCACCCCTTTATTCG
TGTCTCAAGGATACTCTCACCA
COCACCTCCTGATTAGCTTAGAAG
CTGGGAAGGGGGTTGTCTTT
CCCCGTGGTCTATTCCGTGA
AACTGGAATAGCAGGAAGGC
AGATAAAATGGATGAACAGATGGT
CAGACTGGGGATGGATGGTTGT
CTGGGAAGGGGGTTGTCTTT

GGCTCGCTCATTTCACTTAG

CCCCGTGGTCTATTCCGTGA

Sequences (5" to 37)

1776166
1767902
3773267
3770734
3775601
1767648
3775601
3775162
3772758
770153
1767648
1767216

Position’

ACATAATCTCTTCTGCAAACTG
GCAAATTGTCAGAAAGGTTAAAGA
TTTCAGTGGGATTCGTTTTAGA
CATCACTAATCATTAGGGAA
TTTCAGTGGGATTCGTTTTAGA
GGTGGGAAATTCTGACACAC
AAGGGACAAGGTAGTCAGTC
AAAAAAAGCGACTATGTATGAANT
CATCACTAATCATTAGGGAA
CATCCCCAGTCTGTACCCTTTITCC

CACTCCCGCOCCAAATTAGGTT
ATCACAAGGTCAGGAGATTG

Exon 4 to 3" flanking region

5'-flanking (up to —801)

Exon 1

Exon § to 3"flanking region

5"flanking (up to = 1 366) to exon 1
5'flanking (up 1o —801) to exon |

Exon 4 to 3"flanking region

Exon 3
Exon 2°
Exon 1"
Exon 4

Amplified and sequenced reglon
Exon 2

multiplex

2nd round PCR

Ist round PCR
Sequencing

*The nucleotide position of the 5° end of each primer on NT_011520.11.
“For exons 2 and 3, the 1st round PCR product was directly sequenced.
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Table 2. GSTM1 primer sequences

Forward primer Reverse primer PCR

Sequence (5" w0 1') Position" Sequences (5 to 1') Position®  (bp)

Ist round 5'{lanking (up to = 1309) to exon 7 CCACAAACAAGTTTATTGGGCG 6136872 GTACTAGACATCAATGTCACCGTT 6141347 4476
Pcx Exon 8 to 3'flanking region ACAGTGAGATTTTGCTCAGGTATT 6142766 CTCAATTCTAGAAAAGAGCGAG 6145058 2293
6137531 TAAGAATACTGTCACATGAACG 6139231 1701

2nd round 5'flanking (up to =650) to exon 3 GACCACATTTCCTTTACTCIGG
PCR TCTGTGTCCACCTGCATTCGTTCA 6139192 CTGAACACAAACTTTACCATAC

Exon 4 to 5

6139883 692

Exon 6 to 7 CTAATAAATGCTGATGTATCCAAT 6140410 CCTACTATTGCCAGCTCCATCTAT 6141315 906
Sequencing 5'{lanking (up to — 650) GTCCTTCCTATACCACTGACAC 6137567 AACCGAGCAGGGCTCAGAGTAT 6138145

Exon | to 2 CCCTGACTTCGCTCCCGGAAC 6137956 GGACACCCGTCCCAATTAGACA 6138764

Exon 3 TCTGCCCACTCACGCTAAGTTG 6138577 TAAGAATACTGTCACATGAACG 6139231

Exon 4 o 5 TCTGTGTCCACCTGCATTCGTTCA 6139192 CTGAACACAAACTTTACCATAC 6139883

Exon 6w 7 CTAATAAATGCTGATGTATCCAAT 6140410 CCTACTATTGCCAGCTCCATCTAT 6141315

Exon B GAACTTCTGTTTCCCACATGAG 6143164 GAGTAAAGATGGGAATAAACAG 6143735

3*untranslated and flanking region” TCGTTCCTTTCTCCTGTTTATT 6143701 CCTTGGGGTCCTATTCAATGAG 6144362

“The nucleotide of the 5' end of each primer on NT_019273.18.

“For the region from exon 8 to 3'flanking, the |st round PCR product was directly sequenced.

“sequencing” of Table 2 as described above for GSTT].
All novel SNPs were confirmed by repeated sequencing
of PCR products that were newly generated by amplifica-
tion of genomic DNA. The genomic and cDNA se-
quences of GSTMI obtained from GenBank (NT_
019273.18 and NM_000561.2, respectively) were used
as reference sequences,

Linkage Disequilibrium (LD) and haplotype ana-
lyses: Hardy-Weinberg equilibrium and LD analyses
were performed by SNPAlyze ver 7.0 (Dynacom Co.,
Yokohama, Japan), Pairwise LD (| D’ | and r* values) be-
tween two variations was calculated using 102 subjects
bearing one or two GSTT] genes and 101 subjects bear-
ing one or two GSTMI genes. Some haplotypes were un-
ambiguous from subjects with heterozygous *0 alleles.
Diplotype configurations were inferred based on esti-
mated haplotype frequencies using Expectation-Maximi-
zation algorithms by SNPAlyze software, which can han-
dle multiallelic variations. Haplotypes containing SNPs
without any amino acid change were designated as * 1,
and nonsynonymous SNP-bearing haplotypes were nu-
merically numbered. Subtypes were named in their fre-
quency order by use of alphabetical small letters.

Results

Determination of deletion polymorphisms in
GSTMI1 and GSTTI: Both conventional PCR'” and
TaqMan real-time PCR'? were used to identify deletion
of GSTT 1. By conventional PCR, 92 out of 194 subjects
(frequency = 0.474) were assigned as GSTT1°0/*0. For all
92 samples with GSTT1*0/*0, no significant fluorescence
derived from GSTT] amplification was detected by Tag-
Man real-time PCR (mean cycle threshold, Ct, 37.6).
Eighty-two (frequency=0.423) and 20 (frequency=

0.103) subjects were identified as heterozygous (*0/+)
and homozygous (+/+ ) for intact GSTT ! by convention-
al PCR, respectively. In the TagMan real-time PCR, the
mean £5D of relative amounts of GSTT! was 1.0%
0.111, and 0.448 = 0.058 for homozygous and heterozy-
gous GSTT | carriers, respectively (the mean value for the
20 homozygotes was set as 1). Since the maximum rela-
tive amount of GSTT! was 1.214, no gene duplication
could be inferred for GSTTI. The assigned genotypes
were consistent between both methods, and their fre-
quencies (Table 3a) were in Hardy-Weinberg equilibri-
um (p=0.785 by Pearson’s chi-square test).

As for GSTMI, conventional PCR indicated that 93
out of 194 subjects had a homozygous deletion of GSTM |
(*0/*0), and that the remaining 101 subjects were either
heterozygotes (*0/+) or homozygotes (+/+) for intact
GSTM1. By real-time PCR, Ct values of 93 samples with
the null genotypes were greater than 36.5, which exceed-
ed the sensitivity limits (Ct = 35) of the real-time PCR de-
tection system, indicating that both methods gave consis-
tent results for GSTM1*0/*0. As for the 101 subjects with
intact GSTM] genes (either "0/+ or +/+), the distribu-
tion of relative amounts of GSTM] was clustered into two
groups with 1.0£0.083 (16 homozygotes), and 0.51 £
0.048 (85 heterozygotes) when the mean value of the 16
homozygotes was set as 1, No individuals showed relative
amounts more than 1.216, suggesting that the duplica-
tion in GSTM1® was not present in our population. Thus,
the frequencies of GSTMI1*0/*0, *0/+, and +/+, were
0.479, 0.438, and 0.082, respectively (Table 3a), and in
Hardy-Weinberg equilibrium (p=0.576 by the Pearson’s
chi-square test).

Table 3b summarizes the results of the distribution of
GSTM1 and GSTT I deletions in our Japanese population.
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About one-fourth (45 of 194 subjects) were null for both
GSTMI and GSTT] 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 7 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 (%)
oo 92 0.474 0 266 0.686
GSTTI o+ 82 0.423
+/4 20 0103 S
oo 923 0.479 0 27 0.698
GSTMI o+ 85 0.438
+14 16 0,082 + 17 0.302
®
Genotype combination
N Frequency (%)
GSTT! GSTMI
‘oo 45 0.232
oo "o+ 42 0.216
+i+ 5 0.026
‘oo 39 0.201
‘or+ o+ 34 0.175
+/+ 9 0.046
“oto 9 0.046
+/+ “or+ 9 0.046
+/+ 2 0.010

alleles) at each site. One novel nonsynonymous variation,
226C>A (Arg768er), was heterozygous in one subject
with two intact GSTT ] 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 (IVS1+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 GSTM1 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
GSTMI+/+ subjects.

Seven novel variations, —416G>T and — 165A>G
in the 5'flanking region, IVS1+97C>T, IVSl1—
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-
cles =0.026) in our population except for —423C>G
and IVS2+ 118T >C (allele frequency = 0.003).

The pairwise |D’| values berween 14 common varia-
tions (N=10) in GSTM! 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

“0, deletion; +, intact gene (r’>0.87) were observed among 10 variations,
Table 4. Summary of GSTT1 SNPs detected In a Japanese population
SNP ID Position
Allele
Nucleotide change and Amino acid
Location From the translational i " frequency
This study ot JSNP NT_011520.11  initiation site or from  (APKIng sequences (3" ta 3)  change g 3gg)
the end of nearest exon

MPJ6_GTT1001" Intran] 3774618 IVS1+71A>G catagettagggA/Gacticteccage 0.003
MPI6_GTTI002  rs140313 550002194  intron] 3774523 IVS1+166A>G  gatccasgagteA/Ggggetecccana 0.106
MPJ6_GTT1003" Intron2 3770088 IVS2-8A>C catgacccecacA/Coccacaggtgg 0.003
MPI6_GTT1004° Exon3 3770055 226C>A ctetacctgacgC/Ageaaatataagg  Arg76Ser 0.003
MPJ6_GTT1005 rsl 40308 intron3 3767603 IVS336C>T ctaactecctacC/Tecagtaactoee 0.106
MPI6_GTT1006 4630  sj0002197  3-UTR 3766891 824" 101T>C geaatggettpeT/Ctaagacttgece 0.106

*Novel variations detected in this study,

"The nucleotide that follows the translation termination codon TGA Is numbered and starts as "1,



123

Haplotype Structures of GSTT ] and GSTMI

{ov1 uopos ) wioa d 242 savwarpu gy, ) wodas Supquepr g oq w vonisod 3y 4 (psy, 40 LO11) § uoxa jo pua g 3y jo uopmod 3y)

APION SIY) U1 PROMP SUDRRLIE (280N,
Bifendnoynfolom®  v<ogzi +losr, kol 081r¥19 Buppueyr g STOINLDTHaN
shooede ggonmenihio A <otr+lose. )0t £60VF 19 Jupueyr g z91z000is 0LSLYP 1P LZOIWLD 9N
wiedidenymoednl V< OITT = LSAl T62E¥19 Luosiu) 19120005 695K 1p0 1Z01ALD 9N
diygepdy weessonaolly yeiinohidees L<DBTS ZEBOF19 tuong 091Z000(%% 9089501 &4 0701 WD HdW
i slyg Loy olndinafin preasiviine 0<615§ £IB0FI9 Luoxg 65120006 1159011 GLOTWLD 9N
niweanoed yenanemie L€I0FT + 5SA1 TELGELS suoau) 95170006 995Lp1F0 SI0TALD 94N
e SE3 o, yilifieeadiod D<VIL +PSAL T96£19 yuosuy $5120004e SOSLEIpM LIDTWLDT9IIN
(D T TA Sl i L<DBL—ESA LETBELD fuosu) F$1Z0000s LorLiLss S101ALY AN
anhifEey mBlnenodn V< OI0T + ISAl PSLEELD Tuosu) S101WLOT9law
awdeibiooona)y 2ilniledn <1811+ TSAl 0L98£19 Zuonu £517000f% POSLEIPS FIOTALO 9fdN
pETS ey Bifehind V<18L =~ 15AL BEERELD juosay L IDIWLYT AN
SEEhoveny guleahilni3 ¥ <96L~I15AL SHERE1D juosu} ZI0TWLDT9dW
Franadoondyy pEfieanonn L<OL6 4+ 15A1 £1E8E19 Juonu JA10IWLOT9lan
saboflenaodnyhifehonn D<ys9l - 9108619 Bupyur s DIDTWLDT9ldW
aFdoeSlvnypaonimoated ¥ <OREE — £79LE19 Suppuer 6 zgrzo0OIE LRTEYSHTH G001IWLD 9ldW
eiluitiies i,  ooraedidei JI<1L6E - 8BLLETY Buppuer 6 16120000 £95LpIpH $001 WL 94N
desT8o800 1 yoeiTdediaFie L<VLBE — PRLLETD Sugueyr, ¢ 05170000 79SLp1pN LOOLWID 9ldW
FdesTidodoon | yeiided o Tdve L<I86E - £8LLETY Jupunr, s 6riZoool 19828198 9001 WL 9HdW
Hiofdndededymodeibnrd L<O91y— S9LLEL9 Suppueg g SO0UWLOT9ldW
FedvithInlin poediinans 0<OEtk - $5LLE19 Fuppury 5 9TOSIREH $0O1WLD 9N
B < YORY — 10LLETS Hupguey o 8+1 20000 TOETIPW £001WLD TN
welirdenedin ymolndeds D<I0E — 1¥9LE19 Jupwey S Lp170000S 6TOSIREN 1001 WLD 904N
mpiudeldngoaieeode D<ITEs - 679LE19 Juppwr s 9r1Z000IS LPSTIp 1001 WLD™9aW

WOX3 WUEU J0 pu
uo.uu“ adurya (g o1 ,8) bay Buppury 0 W0H 10 uiz,_.u....a-_.“s 8IELT6I0TIN ansl (19N dnsp Apras myyy.
¥ pRPouLy pur adueys spposany N Gy
uopng al dNs

uojeindod aseueder e uj Pajoa}ap SINS | WLSD J0 ARWWINS °g sjqey



124 Naoko TATEWAKI, et al.

=398C>T, —397A>T, —393T>C, =358G>A,
IVS3—7BC>T, IVS4+26A>G, [IVS5+ 140C>T,
519C>G (Asn173Lys), 528C>T (Aspl 76Asp), and IVS7
—221G>A. Of these variations, two (—398C>T and
—397A>T) and four (IVS3—7BC>T, IVS5+
140C>T, 519C>G, and 528C >T) pairs of SNPs were
in perfect LD (r*=1.0).

Haplotype estimation and selection of
haplotype-tagging SNPs (htSNPs): Based on results
of the LD profiles, haplotypes of GSTTI 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 1, three common haplotypes (GSTT1°0, * la
and *Ib) and three rare haplotypes (“Ic, *1d and *2a)
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 "1b and 226C> A for "2,

For the GSTMI gene, three groups of haplotypes
(GSTMI1*0, * I 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 harboring the known non-
synonymous SNP, 519C>G (Asnl73Lys), which was
previously assigned *B." The most dominant haplotype
was "0 (0.698 frequency), followed by *la (0.139), *2a
(0.044), *1b (0.026), * I¢ (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
"1d), —540C>G ("2b), —480A>G ("Ib and "2b),
519C>G (Asn173Lys) (*2), and 1107 +41C>T (" le).

!

'Haplotypes were inferred
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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 ! nor GSTM| 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 number of assoclation studies of the GSTM! and
GSTT | genotypes with cancer susceptibility and cancer
therapy outcome have been reported; however, the
results are sometimes conflicting.”™ In our 194 patients
with mainly non-small cell lung cancers, the frequency of
GSTT1*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 GSTT ] and GSTM1
null genotypes on lung cancer development were not
clear unless other genetic traits affecting carcinogen
metabolism such as CYPIAI* 24 and GSTP1*B (Ile]1 05Val)
were combined.”

One novel GSTT! nonsynonymous  varlation
(226C > A, Arg76Ser) was found in one subject. Arg76 is
located in the o3 helix of N-terminal domain 1, which
forms glutathione binding sites.'*” In the crystal struc-
ture of human GSTT1-1, 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 GSTMI s 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 (Asnl73Lys, GSTMI*B) in
Japanese. The GSTMla-la isozyme (Asnl73) and
GSTMIb-1b isozyme (Lys173) were reported to have
similar catalytic activities in vitro."” Nevertheless the as-
sociation of the GSTM1° A alleles has been shown with a
reduced risk for bladder cancer.?” Therefore, the func-
tional significance of promater SNPs on GSTMI expres-

sion should be further elucidated.

In conclusion, deletions of GSTT! and GSTMI in
Japanese were analyzed by conventional PCR and Tag-
Man realtime PCR. About onefourth (0.232 in fre-
quency) of subjects had double GSTM! and GSTT/ null
genotypes. In the intact GSTT ] and GSTMI genes, six and
23 SNPs were Identified, respectively, and three
(GSTT1%0, “la, *1b) and six (GSTM1°0, *la, *2a, " 1b,
*lc and *2b) common ha were inferred. Only
one rare nonsynonymous SNP (226C > A, Arg76Ser) was
found in GSTT |, 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) patienis was evaluated.

Methods: One hundred and twenty-two patients with lung cancer or malignant lymphoma
undergoing chemotherapy were randomized to the EPQO 36 000 IU 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 hemaoglobin 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/dl 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 (FSS) 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 1o 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.

ih.

Key words: anemia — erythropoietin — cancer — ch apy-induced anemia — quality of life —

survival

INTRODUCTION

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
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tachycardia, palpitations, fatigue, vertigo and dyspnea are
observed in patients with hemoglobin level <10.0 g/dl, and
quality of life (QOL) patients is markedly reduced.

In Japan, only red blood cell (RBC) transfusions have
been approved for the treatment of chemotherapy-induced
anemia (CIA). However, although the safety of RBC transfu-
sions has improved, there are still concerns about viral infec-
tions and graft-versus-host disease, 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. It 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 Society of Clinical
Oncology and the American Society of Hematology® (8) (the
ASH/ASCO guidelines) was published in 2002. The present
placebo-controlled, double-blind, comparative study was
planned in 2003 based on the ESAs guidelines and appli-
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 also
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 1U 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 U
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/dl < 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 saturation
<15% or mean corpuscular volume (MCV) <80 um?),
history of myocardial, pulmonary or cerebral infarction,
severe hypertension beyond control by drug therapy,

pregnancy, obvious hemorrhagic lesions or other severe
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 1U or
placebo subcutaneously once a week for 8 weeks. The
planned number of patients was 120 (60 in each group).
Randomization was conducted by central registration 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/dl 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 level from
baseline, and the last evaluation was performed 8 weeks
after the first study drug administration or at study discon-
tinuation. The last observation 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/di
from baseline, proportion of the patients with hemoglobin
level <8.0g/dl during the study and incidence of
either 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.

StamisTICS

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 r-test, Stratified
analyses in the groups with baseline FSS >36 and <36,
respectively, were also performed.



RESULTS
PATIENT DISPOSITION

One hundred and twenty-two patients were recruited from
February 2004 to March 2005 at 1l sites in Japan.
Sixty-five patients had lung cancer and 57 had malignant
lymphoma. The patients were randomly assigned to the
EPO group (n = 63) or the placebo group (n = 59). One
patient in each group never received a study drug, one
patient in each group never received chemotherapy and
one patient 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/d] or more was evaluated
in the patients with hemoglobin level below 12.0 g/dl 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
hemoglobin level >8.0 g/dl 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 1o 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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significantly lower in the EPO group than those in
the placebo group [16.4% (10/61) vs. 32.1% (18/56),
P = 0.046], and fewer RBC transfusion units were required
in the EPO group (10 units, n = 5) than in the placebo group
(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. Paticnt demographics of full-analysis-set

Lo

Placcbo group EPO group

(n = 56) (n=861)
Sex
Male k2 34
Female 3 27
Age (ycars), mean + SD 62.1 + 9.6 618+ 119
Tumor
Lung cancer 30 32
Small cell lung cancer 7 8
Non-small cell lung cancer 2 24
Malignant lymphoma 26 29
Hodgkin lymphoma 0 3
Non-Hodgkin lymphoma 26 26
Chemotherapy
Ist line 38 41
2nd line 6 8
3rd line I |
Relapse/recurrence 3 1
ECOG performance status
0 38 33
| 17 26
2 i 2
Weight (kg), mean + SD 545+ 8.8 552 4+ 100
Hemoglobin (g/dl), mean + SD 104 + 1.0 100 + 1.0
Serum endogenous erythropoetin 49.1 1 334 673 + 72.0
(mU/ml), mean + SD
MCV (f1), mean + SD 9315+ 6.0 919 +55
Transferrin saturation (%), 294+ 198 324 +220
mean + SD
Baseline QOL: FACT-An
Fatigue subscale (0-52), 339+ 100 355497
mean + SD
<36 29 29
>36 26 2
Data missing 1 0

8D, standard deviation; ECOG, Eastern Cooperative Oncology Group; QOL,
quality of life; FACT-An, Functional Assessment of Cancer
Thempy-Ancmia; MCV, mean corpuscular vol EPO, epoetin beta.
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Figure 1. Hemoglobin level during the treatment period. A colour version
of this figure is available as supp y data at hup:f'www jjco.oxford-
joumnals.org. SD, standard deviation; EPO, epoetin beta,
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Figure 2. Change in hemoglobin level during the treatment period.
A colour version of this figure is available as supplementary data at
hutp:fwww.jjco.oxfordjournals.org.

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=0.031). 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 £ 9.4
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 bascline 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 + 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).

SAFETY

The incidence of adverse events was evaluated for the 120
patients who receive a study drug. Adverse events 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 (P = 0.299).
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%) (# = 0.274).
Adverse drug reactions observed in at least 3% of the
patients in the EPO group were increased blood pressure
(6.5%), increased lactate dchydrogenase (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 EPO 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 fatigue subscale score stratified
by baseline wral fatigue subscale score (<36, >36). A colour version of
this figurc is available as supplementary data at http:iwww.jjco.oxfordjour-
nals.org. FACT-An, Functional Assessment of Cancer: Therapy-Anemia.



Table 2. [ncid of the most adverse events
Placebo group EPO group
(m= 5E) (n = 62)
No, of % Na. of L
patients patients
Adverse events 57 9.3 62 100
Adverse events with incidence > 20% in the EPO group
Neutropenia 47 BlO 47 75.8
Leukopenia 46 793 47 758
Thrombocytopenia 28 483 3 50.0
Nausea 28 483 27 435
Faugue 26 443 28 452
Anorexia 24 al4 27 435
Lymphopenis 24 414 n 516
Alopecia 17 293 2 355
Increased LDH 15 59 16 258
Constipation 10 172 14 226
Adverse drug reactions n 19.0 17 274
Ad drug with d > 3% in cither group
Increased blood pressure  § 34 4 6.5
Increased LDH I L7 v s 4
increased urinary glucose 0 0.0 2 32
Rash 2 34 0 0.0
Decreased APTT 2 34 0 0.0
Adverse drug reactions with severity > Girade 3
Abdominal pain o 0.0 | L6
Liver dysfunction 0 0.0 1 1.6
LDH, lacute g APTT, d 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

Improvements in hemoglobin level were observed in
Japanese patients with CIA on administration of EPO 36 000
IU 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). It 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 symptoms of anemia improved in the
EPO group, but worsened in the placebo group. In patients
with baseline FSS >36 (mild anemia symptoms), 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/dl (NCI-CTC Grades 3 and 4) was examined.
Evaluation of this proportion from 4 weeks after the star
of administration, when ESAs exhibited hematopoietic
effects (23-25), indicated that this proportion was
significantly lower in the EPO group (16.4%, 10 of 61
patients) than in the placebo group (32.1%, 18 of 56 patients)
(P = 0.046).

One TVE was observed in this study, a lacunar infarction
(Grade 1) in one patient (69-year-old male with lung cancer)
in the EPO group. The investigator judged without causal
relationship to the study drug but by aging, because the
event was observed | 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
events.

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 |-year survival proportion
showed no significant difference between the groups. The
effects of ESAs on survival of cancer patients have been
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 monality in
chemotherapy-treated 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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A randomised trial of intrapericardial bleomycin for malignant
pericardial effusion with lung cancer (JCOG98I |)
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Safety and efficacy of intrapericardial (ipc) instillation of bleomycin (BLM) following pericardial drainage in patients with malignant
pericardial effusion (MPE) remain unclear. Patients with pathologically documented lung cancer, who had undergone pericardial
drainage for MPE within 72 h of enrolment, were randomised to either amn A (observation alone after drainage) or arm B (ipc BLM at
15 mg, followed by additional ipc BLM |0 mg every 48 h). The drainage tube was removed when daily drainage was 20 ml or less. The
primary end point was survival with MPE control (effusion failure-free survival, EFFS) at 2 months. Eighty patients were enrolled, and
79 were eligible. Effusion failure-free survival at 2 months was 29% in arm A and 46% in arm B (one-sided P =0.086 by Fisher's exact
test). Arm B tended to favour EFFS, with a hazard ratio of 0.64 (95% confidence interval 0.40- 1.03, one-sided P = 0030 by log-rank
test). No significant differences in the acute toxicities or complications were observed. The median survival was 79 days and | 19 days
inarm A and arm B, respectively. This medium-sized trial failed to show statistical significance in the primary end point. Although ipc

BLM appeared safe and effective in the
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Malignant pericardial effusion (MPE) is a grave complication of
malignant tumours. The frequency of pericardial involvement by

ignancy has been estimated to be 10-21% at autopsy
(Theologides, 1978; Klatt and Heitz, 1990).

Malignant pericardial effusions are often asymptomatic and
detected incidentally by echocardiography or computed tomogra-
phy. Symptomatic cases, I 2 O manifest cardiac tampo-
nade, which can rapidly lead to cardiovascular collapse and death,
unless promptly treated (Press and Livingston, 1987).

Lung cancer is the most frequent cause of MPE, and other
common primary sites include breast cancer, oesop cancer,
lymphoma and leukaemia (Abraham et al, 1990; Wilkes er al, 1995;
Yonemori et al, 2007). The prognosis of MPE in lung cancer
patients is particularly poor, with a reported median survival of 3
months or less (Okamoto et al, 1993; Gornik et al, 2005).

Although prompt diagnosis and pericardial drainage result in
good palliation of symptoms, drainage alone is often inadequate to
prevent re-accumulation of the fluid after the drainage tube is
removed (Shepherd, 1997). There are numerous reports of
pericardial sclerosis for MPE by the instillation of various agents,

of MPE. the therapeutic advantage seems modest
British Journal of Cancer (2009) 100, 464-469. doi:|0.1038/5)bjc.6604866 www.bjcancer.com
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such as tetracycline/doxycycline (Shepherd et al, 1987; Maher et al,
1996), a streptococcal preparation (Imamura er al, 1991),
bleomycin (BLM) (Vaitkus et al, 1994; Liu et al, 1996; Maruyama
et al, 2007), thiotepa (Colleoni et al, 1998; Martinoni et al, 2004),
cisplatin/carboplatin (Moriya et al, 2000; Tomkowski et al, 2004),
S-fluorouracil (Lerner-Tung et al, 1997), anthracyclines
(Kawashima et al, 1999), vinblastine (Primrose et al, 1983),
mitoxyantrone (Norum et al, 1998), mitomycin C (Kaira et al,
2005) and *P-colloid (Dempke and Firusian, 1999), after drainage.
Platinum agents are actually not ‘classic’ sclerosants to induce
inflammatory adhesion of the pericardial sac; they were apparently
used as local chemotherapy. Whereas each study reports favour-
able outcomes in terms of MPE control and prevention of
re-accumulation, almost all were performed as phase II trials,
and no definite conclusions could be drawn (Press and Livingston,
1987; Vaitkus et al, 1994).

In one of the very few randomised trials conducted to date, Liu
et al (1996) reported that BLM is the preferred agent for sclerosis,
because of the lower morbidity associated with it. However, to
the best of our knowledge, the efficacy and safety of pericardial
sclerosis itself has never been evaluated by a prospective
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randomised trial.
This trial was aimed at evaluating the safety and efficacy of
pericardial sclerosis induced by intrapericardial (ipc) BLM



instillation, as compared with pericardial drainage alone, in lung
cancer patients with MPE.

PATIENTS AND METHODS

Patient eligibility criteria

Patients with pathologically documented lung cancer, who had
undergone pericardial drainage for clinical MPE (moderate to large
accumulation of fluid), were eligible for study entry. Indications
for the drainage were clinically determined; cases after emergent
drainage and those after elective one were both included. Patient
registration should be done within 72 h of drainage. The eligibility
criteria were as follows: 75 years of age or less, expected life
prognosis of 6 weeks or more with control of the MPE md
minimum organ functions (leukocytc count = 3000 per mm®,
platelet count 275000 per mm®, haemoglobin=9.0gdl™" and no
renal or hepatic failure; hwwer. laboratory abnormalities related
to cardiac ponade were all 1). Patients with chemotherapy-
naive small cell cancer were excluded. Other exclusion criteria
included apparently non-malignant effusion (e.g., purulent effu-
sion), recurrent MPE, myocardial infarction or unstable angina
within the previous 3 months, constrictive pericarditis, active
interstitial pneumonia, severe infection and disseminated intra-
vascular coagulation. Those with an unstable clinical condition
attributable to other severe complications, such as superior vena
cava syndrome, central airway obstruction or uncontrollable
massive pleural effusion, were also excluded.

Patient eligibility was confirmed by the Japan Clinical Oncology
Group Data Center before patient registration. The study protocol
was approved by the institutional review boards at each
participating centre and all the patients provided written informed
consent.

Treatment plan

The study protocol did not limit the method used for the
pericardial drainage. Both percutaneous tube pericardiostomy
(non-surgical method), in which a drainage catheter is inserted
using the Seldinger technique, and subxiphoid pericardiostomy
(surgical method), in which a drainage tube is placed surgically,
were allowed; each participating institution, however, basically
adhered to one method, which they used in routine practice. The
drainage method used was recorded on the case report form.

After registration with telephone or facsimile, the patients were
randomly assigned to one of the two treatment arms with block
randomisation stratified by the institution. In arm A, no additional
intervention was performed and the patient was observed clinically
after the pericardial drainage. In arm B, 15 mg of BLM dissolved in
20 ml of normal saline was instilled through the drainage catheter
into the pericardial space immediately after the patient registra-
tion. The catheter was then clamped and reopened after 2h,
allowing resumption of the drainage. Additional doses of BLM at
10 mg were instilled similarly every 48 h, unless the criteria for tube
removal, as described below, were met.

The drainage tube was removed, in both arm A and arm B, when
the drainage volume per 24 h was 20 ml or less. If the criterion was
met during the 24 h preceding randomisation in a patient allocated
to arm A, the tube was immediately removed.

Patient evaluation and follow-up

Primary control of the MPE was considered to be achieved when
the drainage tube could be successfully removed within 7 days of
randomisation. When the criterion for tube removal, that is 20 ml
per 24h, could not be met by 7 days, the case was judged to show
primary failure of the protocol therapy: treatment after off-
protocol was not limited by the study protocol. When the drainage
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tube had to be removed because of obstruction, but re-drainage
was clinically unnecessary, it was judged to have been successfully
removed with primary control of MPE.

Monitoring for recurrence of the MPE in those who showed
primary control was conducted by echocardiography at 1, 2, 4, 6
and 12 months. When the estimated fluid volume in the recurrent
effusion exceeded 100ml, the case was labelled as showing MPE
re-accumnulation and recurrence. Re-drainage was performed as
clinically indicated.

The adverse effects of the therapy were evaluated according to
the Japan Clinical Oncology Group Toxicity Criteria (Tobinai et al,
1993), modified from the National Cancer Institute Common
Toxicity Criteria version 1.

The primary end point of the study was effusion failure-free
survival (EFFS) rate at 2 months; EFFS was patient survival without
MPE recurrence as defined above, in patients showing primary
control. It was calculated as the period from the date of pericardial
drainage to the date of MPE recurrence or the patient's death. For
those patients with primary failure, MPE recurrence was
considered to have occurred at the date of drainage, with an EFFS
of zero. Effusion failure-free survival was judged regardless of the
other disease status.

The secondary end points included the primary MPE control
rate, time to drainage tube removal, EFFS, treatment-related
morbidity, proportion of late pericardial or cardiac complication,
overall survival (OS) and symptom scores.

Study-specific four-item symptom scores were completed by
patients at the time of randomisation (ie., after pericardial
drainage) and at 1 month after the enrolment. The scores were
to be interviewed by the health professionals other than the
attending physicians. The items consisted of cough, pain, anorexia
and shortness of breath. The scoring was conducted as follows: as
not at all present (0), a little (1), moderate (2) and very much (3).
The score for each item and the sum of the total score for all the
four items were compared between the baseline and the follow-up

and judged to be improved (lower scores in the
follow-up assessments), stable (no change of scores) or worsened
(higher scores, or the patient could not fill out the questionnaire,
in the follow-up assessments),

Statistical considerations

From the historical data, the EFFS rate at 2 months in arm A was
assumed to be 30% and that in arm B was presumed to be 60%.
The study was designed to provide 80% power with 5% one-sided
2. The required sample size was calculated as B0 patients, 40 in
each arm, for comparing independent proportions.

The OS, time to tube removal and EFFS of both arms were
calculated by the Kaplan-Meier method and compared by log-
rank tests. The primary MPE control rate, symptom scores,
complication rates and EFFS at each of the follow-up points were
compared using Fisher's exact test. All analyses were performed
with the SAS software version 9.1 (SAS Institute, Cary, NC, USA),

RESULTS

Patient characteristics and treatment delivery

From August 1999 to January 2006, 80 patients from 14 institutions
were enrolled and randomised, 42 to arm A and 38 to arm B, One
patient in arm B was found to be ineligible because of late registry,
2 weeks after the pericardial drainage. All B0 patients were
analysed for their characteristics and chemotherapy morbidity,
and the 79 eligible patients were analysed for efficacy and survival,

Table 1 lists the characteristics of the patients, which were
generally well balanced between the arms, except for the
effusion cytology: there were numerically more patients with
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