ABCB1 haplotypes in Japanese

Table 1 Additonal primers used for sequencing of the ABCB17 gene promoter region

Primer name Forward primer (5’ to 3')

Primer name Reverse primer (3’ to 3')

First amplification®

MDR1-1ZF1 CCTGCTCTGTTTTTCACCGT
Second amplification
MDR1-P1F GAGAGGGACTACTGGTTAGC
MDR1-P2F AAGGACTGTTGAAAGTAGCA
MDR1-P3F "CAGAGATCATAGGCACAAAT
MDR 1-P4F GAAACATCCTCAGACTATGC
Sequencing
MDR1-P5F ATTTCTTTGAAGTGCTTGGC
MDR 1-P6F GATCTTTACCTGATGCTCAA
MDR1-P7F AGCTCACGCCTGTAATCCCT
MDR1-P4F GAAACATCCTCAGACTATGC
MDR1-P9F ACGTACTTTTCCTCAGTTTG

MDR1-1ZR1 ATTGGTTTCCTCTATGCAGA
MDR1-P1R TGGTCCATCTGGGGTAAATG
MDR1-P2R TTTGAGACGGAGTCTTGCTT
MDR1-P3R AAACTTCAGACGTCAGATCA
MDR1-P4R CAGGAGGAATGTTCTGGCTT
MDR1-P5R GCCACCACCACTTCTGTCAA
MDR 1-P6R. GTGCCTATGATCTCTGTTTT
MDR1-P1R TGGTCCATCTGGGGTAAATG
MDR1-P8R. AGGAAAAGTACGTGCAATCT
MDR1-P9R ACACGTCTTTCAAAGTTCAC

Other primer sets used were as previously reported (Sai et al. 2003).

*The same set as previously used for the enhancer and promoter regions.

that it was necessary to re-evaluate the functional sig-
nificance of Block 1 haplotypes. We also sequenced the
same regions as covered by the previous study, includ-
ing the enhancer region (Geick et al. 2001) and all exons
and surrounding introns, for an additional 388 subjects.
These results allowed us to add novel haplotypes to three
other blocks. Lastly, we performed a network analysis on
the haplotypes obtained in each block and compared the
profile of ABCB1 haplotypes in Japanese with those of
other ethnic groups (Kroetz et al. 2003; Takane ef al.
2004).

Materials and Methods

DNA Samples

All 533 Japanese subjects were patients with either ven-
tricular tachycardia (121 subjects) who were adminis-
tered an anti-arrhythmic drug (amiodarone) and/or 8-
blockers, or with various cancers (412 subjects) who
were administered an anti-cancer drug (paclitaxel or
irinotecan). Genomic DNA was extracted directly from
blood leukocytes. This study was approved by the ethi-
cal review boards of the National Cardiovascular Center,
the National Cancer Center, and the National Institute
of Health Sciences. Written informed consent was ob-
tained from all subjects.

DNA Sequencing

Amplification and sequencing of the ABCB1 gene were
performed as previously described (Sai et al. 2003), ex-
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cept that the region sequenced included the promoter
region up to 2.5 kb upstream from the translational initi-
ation site. For the promoter region, PCR amplification
was first performed using the previous primer set that
covered from 7 kb upstream of the transcription site to
exon 3, and then new primer sets were used for the
second PCR and sequencing (Table 1). Amplification
and sequencing primers for the other regions and the
PCR conditions used were the same as previously re-
ported (Sai et al. 2003). Genbank NT_007993.14 was
used as the reference sequence. Nucleotide positions
were based on cDNA sequence as previously described,
with the adenine of the translational imtation site at
exon 2 numbered as +1. For 5’'-flanking variations in-
tron 1 was skipped for numbering nucleotide positions.

Haplotype and Network Analyses

Linkage disequilibrium (LD) analysis was performed
using SNPAlyze software (Dynacom Co., Yokohama,
Japan). According to the LD pattern we divided the
ABCBT1 gene into 4 blocks following the previously
described block partitioning, except for a changed bor-
der between Block 1 and Block 2 (IVS5 + 123A>G
was shifted from Block 2 to Block 1). Diplotype con-
figurations (combinations of haplotypes) in each block
were inferred by LDSUPPORT software, which deter-
mined the posterior probability distribution of diplotype
configurations for each subject based on estimated hap-
lotype frequencies (Kitamura et al. 2002). As Block 1
was expanded we re-defined the Block 1 haplotypes.
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For Block 2 haplotypes the previously defined *8c was
deleted due to a shift of IVS5 + 123A>G to Block 1.
For the rest of the haplotypes we followed the hap-
lotype nomenclature used in our previous study (Sai
et al. 2003) and added the newly-identified haplotypes
consecutively. In our nomenclature the group of hap-
lotypes without amino acid changes or marker SNPs
in Block 2 (1236C>T, 2677G>T/A and 3435>T)
was defined as "1, and haplotype groups bearing non-
synonymous SNPs or marker SNPs in Block 2 were
consecutively numbered as described previously (Sai
et al. 2003). Novel haplotypes within each haplotype
group were designated in descending order of fre-
quency. Haplotypes inferred in only one patient, or
ambiguously defined, were described with “?”, and
some rare variations described as “Others” in Fig-
ures 3-5. To allow comparison with previous reports
(Taniguchi et al. 2003; Takane et al. 2004) an addi-
tional classification for Block 1 haplotypes was given
in Fig. 7, based on marker SNPs of the promoter region
(— 1789G>A, —1461_—1457delCATCC, - 371A>G,
—145C>G and —129T>C).

Network analysis of haplotypes was performed to ob-
tain cladograms using Network 4.1.0.9 (www.fluxus-
engineering.com.). Network calculations were based
on algorithms of the reduced median network (for
Blocks —1, 1 and 3) or the median joining network
(for Block 2). Haplotypes inferred in only one patient
were omitted from the network analysis due to their low

predictability.

Results

Additional Genetic Variations

In this study we sequenced the distal promoter region
covering approximately 2.5 kb upstream of the transla-
tional initiation site in exon 2 in 533 Japanese subjects.
We also re-sequenced the enhancer region, and all 28
exons and surrounding regions (the same regions that
were sequenced in the previous paper), in an additional
388 subjects. A total of 92 genetic variations were de-
tected in the entre region sequenced in this scudy. All
of the allelic frequencies were in Hardy-Weinberg equi-
librium. Since we did not find any apparent differences
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in SNP frequencies between the two disease types (P >
0.2233; Fishers exact test), the data from all subjects
were analyzed as one group.

In addition to the variations reported in our previ-
ous study we detected 44 further variations, includ-
ing 35 novel variations, as listed in Table 2. Novel
variations included 8 nonsynonymous substitutions:
49T>C(F17L), 144G>T(K48N), 304G>C(G102R),
1342G>A(E448K), 1804G>A(D602N), 2359C>T
(R787W), 2719G>A(V907I) and 3043A>G(T1015A);
and 2 synonymous substitutions: 354C>T (Y118Y) and
447A>G(K149K); with frequencies ranging from 0.001
to 0.005. Other novel variations in the 5'-flanking re-
gion were 11 nucleotide substitutions and one deletion,
while in the intronic regions there were 11 nucleotide
substitutions, one deletion, and one insertion (Table 2).

The highly polymorphic variations 1236C>T,
2677G>T, 2677G>A, and 3435C>T were detected
at frequencies of 0.572, 0.410, 0.183, and 0.440, re-
spectively, which was consistent with our previous ob-
servations (Sai ef al. 2003). In the newly-sequenced
promoter region the reported polymorphic varia-
tons —1847T>C, —1789G>A, —1461 —1457del
CATCC, and —1347T>C were found at frequencies
of 0.084, 0.204, 0.030, and 0.084, respectively, which
were comparable with frequencies in Japanese in previ-
ous reports (Taniguchi et al. 2003; Takane et al. 2004).

LD analysis was performed using the 92 detected
genetic variations, and pairwise rho square (r?) val-
ues for the representative 46 polymorphisms (alleles
detected in 5 or more chromosomes), and the re-
sults are shown in Fig. 1. With the additional distal

promoter region sequence close linkage relationships

were observed between —1847T>C, —1347T>C,
—371A>G, —129T>C, IVS3 + 36C>T and IVS5
4+ 76T>G. A close linkage was also detected be-
tween — 1789G>A in the promoter region and IVS5
4+ 123A>G in intron 5 (formerly classified as Block
2). Based on these linkage relationships we changed
the previous border between Block 1 and Block
2, such that IVSS5 + 123A>G was now classi-
fied as part of ‘Block 1. The other linkage pro-
files were the same as previously described, confirm-
ing the previous partitioning between Blocks 2 and
3. Similarly, the enhancer region at around 7 kb
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Figure 1 Linkage disequilibrium (LD) analysis of the ABCB1 gene. Pairwise LD (r values) of the polymorphisms detected in 5 or

more chromosomes is shown as a 10-graded blue colour.

upstream of the transcriptional start site was assigned as
Block —1 as described previously.

Haplotype Analysis

We estimated the diplotype configurations (haplotype
combinations) of all 4 blocks using LDSUPPORT soft-
ware. Diplotype configurations were obtained at prob-
abilities over 0.9 for 100%, 92%, 95%, and 98% of the
subjects for Blocks —1, 1, 2, and 3, respectively.

© 2006 The Authors
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In Block — 1, one novel haplotype, *1d, was identi-
fied. Thus Block 1 contained four * 1 haplotypes (Fig. 2).
The most common haplotype was *1a with a frequency
of 0.988.

For Block 1 five haplotype groups consisting of 39
haplotypes were newly assigned. Of the 35 haplo-
types in the *1 group, 10 haplotypes were ambiguous
and were included as “Others” in Fig. 3. Haplotype
groups *2 to *5 were defined by the nonsynonymous
SNPs 325G>A(E109K) (*2), 304G>C(G102R) (*3),
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49T>C(F17L) (*4) and 144G>T(K48N) (*5). The
most frequent haplotype was * 1a at a frequency of 0.541,
. followed by *1b (—1789G>A and IVS5 +4 123A>G),
*1c (IVS1 — 78delG), and *1d (IVS4 — 25G>T) at fre-
quencies of 0.098, 0.079, and 0.041, respectively. The
nonsynonymous *2 and *3 groups occurred at frequen-
cies of 0.017 and 0.005, respectively.

Frequency

Site 5'-Flanking
" -8128
Position 121 -8104 | -7970
del
Nucleotide change | CTAA| T>C | C>T
CCAA
Amino acid change
"1a
*1b
*1
*ic
*1d

N
1053 | 0.988

] 2

9

2

0.002
0.008
0.002

Figure 2 ABCBI haplotypes in Block — 1 for 533 Japanese
subjects. The haplotype nomenclature followed the definitions
used in our previous study (Sai ef al. 2003). Newly identified
haplotypes were consecutively named as shown in boldface.
N: number of chromosomes analyzed.

In Block 2 15 haplotype groups consisting of 61
haplotypes were inferred, including 38 newly-defined
haplotypes. Of the 61 haplotypes 24 were detected in
only on€ patient or ambiguously inferred. Ambigu-
ous haplotypes within each group (groups *1, *8, and
*10) were indicated as “Others” or “?” in Fig. 4.
The most frequent haplotype was the *2 group at
a frequency of 0.386, which harboured 1236C>T
(exon 12), 2677G>T(A893S) (exon 21) and 3435C>T
(exon 26). Groups *1, *10 [2677G>A(A893T)] and
*8 (1236C>T) were found at frequencies of 0.216,
0.174 and 0.141, respectively. Other minor haplo-
type groups were *6 (3435C>T), *9 [1236C>T and
2677G>T(A893S)], *4 (1236C>T and 3435C>T) and
*11 [1236C>T and 2677G>A(A893S)] at frequen-
cies of 0.034, 0.020, 0.016, and 0.005, respectively.
All these frequencies were comparable with our pre-
vious findings (Sai et al. 2003). Novel haplotype groups
bearing amino acid substitutions were assigned as *12
[1804G>A (D602NY], *13 [2719G>A (V907I)], *14
[1342G>A (E448K)], *15 [2956A>G (M986V)], *16
[3043A>G (T1015A)], and *17 [2359C>T(R787W)], .

Sile Ex. 1(5-UTR] I . 1]Ex.2)Int.3{Ex. 4 Int. 4 Ex. § Int. §
Posiion | -2840] 2019 1847 | 1783 -1468 | T 1ae7 | 270 1081 | -10s5 ] -0m6 | a7 | 145 | 120 “’7531 4 'YSS: 144 'Y;‘ |v2554 304 | 226 'l’f: 1‘@‘:
Nucleotide change | T>C | G>T | T>C | GoA | A>G ni;lcCcA T>5C| MG | T>5C | T>5C | ASG | A>G | C>6 | T5C | delG| T>C | C>T| G>T | T>C | G>T | G>C | GoA | T>5G | AG
Amino acid change FI7L K4aN G102R]E£109K] N_| Frequen
a 541
*1b SR .098
e el .079
*1d .041
e g2 .029
"t .028
g 028
"1 .022
g 017
5 0
9 0
L 1
1 :1m X
n A
‘1o .004
" | 03
"1q AR .002
r .002
s _ B 002
At T 002
Hu .002
v 5 .001 |
W o 001}
Ty 50
Others .009
*2a o Jii2. .017
*3a & BE .005
“ta? E i .50 P 11 001
*53% £ 5 | T .001

Figure 3 ABCBT haplotypes in Block 1 for 533 Japanese subjects. Block 1 haplotypes were newly defined due to the change of the
Block 1 border. Rare and ambiguous haplotypes (n = 1) are shown with “?””. Haplotypes assigned in only one patient or ambiguously
inferred are shown as “Others”. Sites for nonsynonymous substitutions are indicated by their group-name numbers.

N: number of chromosomes analyzed.
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with frequencies that ranged from 0.002 for *12 and
*13, to 0.001 for *14 to *17. Another new haplotype
was defined as *18 based on the simultaneous presence
of 2677G>A (A893T) and 3435C>T, with a frequency
of 0.001. It was also noted that * 1fin Block 2 was com-
pletely linked with *1d (IVS4 — 25G>T) in Block 1.

In Block 3 three haplotype groups consisting of 21
haplotypes were inferred, including four new haplo-
types. Of the 21 haplotypes three were ambiguously
inferred and included in “Others” in Fig. 5. The most
frequent haplotype was *1a with a frequency of 0.753,
followed by *1b (0.176). As observed previously, the
rare haplotype groups *2 [3751G>A (V12511)] and *3
[3587T>G (11196S5)] were observed at frequencies of
0.014 and 0.001, respectively.

We also analyzed the diplotype combinations for all
4 blocks (i.e. the whole gene) for all 533 subjects. The
combination patterns were highly diverse with a total of
353 diplotype combinations observed. The frequencies
for the majority of diplotypes were less than 0.01. The
10 major combinations are listed in Table 3; all combi-

nations were made up of the major haplotypes in each
block.

Network Analysis and Nucleotide Diversity

We performed a network analysis of the haplotypes
in each block to obtain cladograms based on the sites
and numbers of mutational events. For Block —1 the
rare haplotypes, *1b to *1d, appeared to be derived
_from the major haplotype *1a (Fig. 6a). For Block 1
most of the minor haplotypes were connected to one
*1e,
*1g, *1h, and *1p were shown to be distant from the
above haplotypes (Fig. 6b). Haplotype groups includ-
ing *1b and the closely related haplotypes *1f, *1i,
*1k, *1j, *1m, *1L, and *1q were characterized by the
presence of —1789G>A. Of these haplotypes the *1k
and *1j subgroups were characterized by the additional
SNP —371A>G, while the subgroups *1m,*1L and
*1q contained the SNP — 145C>G. The separate sub-
group that consisted of *1e, *1g, *1h and *1p contained

of the major haplotypes *1a or *1b. However,

Site Int. 26 | Ex. 27 Int. 27 Ex. 28
o IVS26 IVS27|IVS27]IVS27]1IVS27| IVS27] IVS27] IVS27| IVS27]1VS27) IVS27
Position 78 | %% | 163 | 189 182 | -172 | -168 | -167 | -119| 87 | -8 | -g0 | 77| %7
Nucleotide change | C>G | T>G | C>G [ ASGI G>T ] G>A | T>C | ASG | C>T| ASG | T>C [ins C] C>G | G>A
Amino acid change 111965 Gi2496] vizs1i| N |Frequency

*1a 803 | 0.753

*1b y 188 0.176

*1c 27 | 0.025

*1d - 5 0.005

*1f FoRet 5 0.005

*1h % 4 0.004

“1j 4 0.004

* *1e 3 0.003
1L 2 0.002

*1g 1 0.001

i - 1 0.001

*1k 1 0.001

*1m By 1 0.001

*1o 1 0.001

Mr |4 1 0.001

Others 3 0.003

*n *2a 9 0.008
*2b 6 0.006

*3 *3a 1 0.001

Figure 5 ABCBT haplotypes in Block 3 for 533 Japanese subjects.

Haplotype nomenclature followed the definitions used in our

previous study (Sai et al. 2003). Newly identified haplotypes were consecutively named as shown in boldface. Haplotypes assigned in
only one patient or ambiguously inferred are shown as “Others”. Sites for nonsynonymous substitutions are indicated by their

group-name numbers.
N: number of chromosomes analyzed.
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Table 3 Diversity of block diplotype combinations across the 4 blocks

Block —1 Block 1 Block 2 Block 3 Number of subjects
*1a/*1a *1a/"1a *2d/72d *1a/71a 24
“la/"1a *1a/"1a “2d/*2d *1b/*1a 13
*1la/*1a *1c/*1a *10a/72d *1a/*1a 12
“1a/*1a *1a/*1a “2d/" 1e *1b/* 1a 11
*1a/*1a *le/*1a *10a/*2d *1a/"1a 9
*1a/*1a *1a/*1a “2d/2d *1c/"1a 9
*1a/*1a *1b/"1a *8a/*2d *1a/*1a 9
*1a/*1a *1c/*1a *10a/* le *1b/*1a 6
*1a/*1a *1g/*1a *10a/”2d *1la/"1a 6
"la/*1a *1d/*1c “10a/*1f *1a/"1a 5
*1a/*1a *2a/"1a *10a/2d *1a/"1a 5
*1a/*1a *1c¢/*1a “10a/*2d *1b/*1a 5

A total of 353 diplotype-combinations across the 4 blocks were detected in 533 subjects.
The number of subjects for the other combinations was less than 5.

+1b
a) Block -1 c) Block 2 *6a

. *1b

O #¢
> +d

b)

L

Figure 6 Network analysis of ABCB? haplotypes of Block — 1 (a), Block 1 (b). Block 2 (c) and Block 3 (d). For each block, the
circle area represents the approximate haplotype frequency, and line length between the circles is proportional to the number of
mutations. Haplotypes inferred in only one chromosome were omitted from this analysis. The classification by Takane et al. (2004) is
indicated with dashed lines.
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the three linked SNPs, — 1847T>C, —1347T>C and
—129T>C. This network profile supported the pre-
vious classification of promoter region haplotypes by
Takane et al. (2004), as indicated by the dashed lines.
However, our current study revealed the presence of
additional subtypes. Detailed comparisons between our
Block 1 haplotypes and previously described promoter
region haplotypes are described in the next section.
The Block 2 cladogram showed that there were four
major haplotypes, *2d, *10a, *1e and *8a, and that most
of the minor haplotypes appeared to be derived from
*le, *2d or *8a (Fig. 6c). Network analysis showed
that the *2 and *8 haplotypes, which share the SNP
1236C>T, were distant from * 1e and *10a, and that *10a
and the adjacent *13a that both have 2677G> A without
the common polymorphisms 1236C>T, 2677G>T and
3435C>T, are relatively closely related to the *1 group.

The *8 group bearing 1236C>T was highly diverse

and included many haplotypes. The *4 (1236C>T and
3435C>T) and *9 (1236C>T and 2677G>T) groups
were related to *8 and *2. This network profile sup-
ported the previous classification of Block 2 haplotypes
based on common polymorphisms. For the *6 group,
containing 3435C>T, *6a and * 6b were distantly related
to *1 haplotypes, which suggested that different muta-
tional and/or recombinational events were responsible
for these haplotypes.

For Block 3, *1b and the other minor *1 haplotypes
were related to the major *1a haplotype, while the *2
group (*2a and *2b) with nonsynonymous SNPs ap-
peared to be derived from either *1a or *1b (Fig. 6d).

Comparison of Block 1 Haplotypes with
Reported Promoter Haplotypes

To compare our Block 1 haplotype structures with
the previously reported promoter region haplotypes
(Taniguchi et al. 2003: Takane ef al. 2004), we classified
Block 1 haplotypes into 6 subgroups (A, B, E, G, ] and
L) based on the marker sites in the reported haplotypes
and the network analysis performed in our present study.
The summary of this comparison is shown in Fig. 7.
Haplotypes that did not harbour any of the previ-
ous markers were classified into subgroup A, in which
*1a was the major haplotype. The B subgroup, which
included *1b, was defined as haplotypes that con-
tained ~1789G>A. Haplotypes that contained addi-
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tonal SNPs —371A>G or —145C>G were classified
into subgroups ] (including *1j) or L (including *1L), re-
spectively. Subgroup G was defined as those haplotypes
that contained the three linked variations (— 1847T>C,
—1347T>C and — 129T>C) in which *1g was the ma-
Jjor haplotype, and subgroup E (including *1e) was de-
fined as those haplotypes with the three linked variations
plus -1461_-1457delCATCC.

As indicated by the cladograms in the previous sec-
tion, our study revealed that subgroup A, previously
classified as wild-type, could be further classified into six
types: the major *1a type without any marker variation
and five other types with either [VS1 —78delG (*1¢),
IVS4 — 25G>T (*1d), 325G>A(E109K)} (*2a), IVS5
+ 123A>G (*1n), or 304 G>C(G102R) (*3a). Each of
the B, ], and L subgroups that shared — 1789G>A were
further divided into two types based on the presence
of IVS5 + 123A>G. Subgroup G, with the three re-
ported marker SNPs, was also linked to IVS3 + 36C>T,
and this subgroup was further characterized by the pres-
ence of IVS4 — 25G>T (*1h and *4a?) or IVS5 +
76T>G (*1g). Subgroup E was linked with both IVS3
+ 36C>T and IVS5 + 76T>G.

Ethnic Differences

It 1s well known that there are differences in the
frequencies of functionally important haplotypes in-
volving common SNPs (1236C>T, 2677G>T/A and
3435C>T) and promoter region SNPs between differ-
ent ethnic groups (Kim et al. 2001; Kroetz et al. 2003;
Tang et al. 2002, 2004; Takane et al. 2004). To charac-
terize these haplotypes in the Japanese population, we
compared the frequencies of Block 1 and Block 2 hap-
lotypes that harbour common SNPs with representative
reported data from different ethnic groups (Kroetz et al.
2003; Takane et al. 2004) (Tables 4 and 5). Block 1 hap-
lotype frequencies were generally consistent with those
from previous reports for Japanese (Takane et al. 2004),
except that our study did not detect the reported H7
haplotype that contained — 1154T>C alone (Table 4).
It has also been suggested that there is much more hap-
lotypic variation in Japanese than in Caucasian popu-
lations (Takane et al. 2004), and our study supported
this.

As for Block 2 haplotypes, the *1 and *2 groups were
the common major haplotypes in all the ethnic groups.

© 2006 The Authors
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Figure 7 New classification of Block 1 haplotypes and comparison with reported promoter region haplotypes. Genetic variations
(allele frequency >0.01) and nonsynonymous variations in Block 1 were sorted according to marker variation, and classified into 6

subgroups (A, B, J, L, G and E).

*The posidons in other reports were adjusted to the nucleotide numbers used in this study.

5The *1a type includes "1a, "10, *1s, *1¢t, *1v, "1w, *1x, "1y.

“The * 1c type includes the * 1¢ haplotype and an ambiguously defined * 1 haplotype.

4The *1d type includes the *1d haplotype and two ambiguously defined *1 haplotypes.
¢“Minors” include the *1u and * 1r haplotypes and one ambiguously defined * 1 haplotype.

fThe *1b type includes the * 1b and *1i haplotypes and three ambiguously defined *1 haplotypes.
8“Minors” include the *1q haplotype and one ambiguously defined *1 haplotype.

h“Minors” include the *1p haplotype and one ambiguously defined *1 haplotype.

iThe *1e type includes the ~1e haplotype and one ambiguously defined *1 haplotype.

JAltered promoter activity in the reporter gene assay is shown in parenthesis.

nd; not determined.

However, the frequency of the *2 group was much lower
than that of the *1 group in Africans. The frequencies
of *4 and *8 were higher in Japanese than in Caucasians,
and the frequency of the *6 group was higher in Cau-
casians than in other ethnic groups. The most promi-
nent characteristic of the Japanese population was the
high frequency of *10 compared with the other eth-
nic groups. The variations that characterized *11 to *18
were only detected in our study, probably due to the
relatively large number of subjects used. The haplotype
distribution in Japanese was similar to that described for
Asians, but with slight differences in the frequencies of
*6, *8, *9, and *10 reported for a mixed Asian popula-
tion (Kroetz et al. 2003).

© 2006 The Authors
Journal compilation © 2006 University College London

Tagging SNPs for ABCB1 Genotyping

For genotyping ABCB1 in association studies it would
be critical to select SNPs for the major haplotypes, in-
cluding functional ones in Blocks 1 and 2. Table 6 shows
the major tagging SNPs for genotyping which are ap-
plicable to Japanese and also to other ethnic popula-
tions. Genotyping with these SNPs can assign the diplo-
types of Blocks 1 and 2 in more than 95% of Japanese.
The nonsynonymous SNPs in Blocks 1 and 2, and the
additional tagging variations in Block 1 obtained in our
study (Fig. 7), could be included in the list for evaluation
of their functional significance.
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Table 4 Echnic differences in ABCB7 Block 1 haplotypes

This study Reported data (Takane er al. 2004)
Subgroup Japanese Japanese Caucasian
Marker site? (see Fig. 7) (n = 1066) Group (n = 188) (n =192)
A 0.712 H1 0.665 0.964
—1789G>A B 0.147 H4 0.191 nd
—1789G>A, —371A>G ] 0.031 H5 0.027 nd
—1789G>A, —145C>G L 0.025 Ho6 0.032 nd
—1847T>C" G 0.054 H2 0.043 nd
— 1461delCATCC, — 371A>G, — 1847T>C E 0.030 H3 0.037 nd
—1154T>C nd H7 0.005 nd
—1753delGA nd H8 nd 0.010
—1347T>C, —129T>C nd H9 nd 0.016
—1085A>G nd H10 nd 0.010

*Each reported position was adjusted to the nucleotide numbers used in this study.

5This SNP is linked to — 1347T>C and — 129T>C.
n; 2 X number of subjects.
nd; not detected.

This study Reported data (Kroetz et al. 2003)*
Japanese Asian Caucasian African
Group (n = 1066) (n = 60) (n = 200) (n = 200)
"1 0.216 0.216 0.370 0.721
*2 0.386 . 0.365 0.410 0.075
*3 nd nd 0.010 0.010
*4 0.016 0.016 0.005 0.090
*6 0.034 0.016 0.120 0.035
:7 nd nd 0.015 0.005 Table 5 Ethnic  differences in the
8 0.141 0.216 0.010 0.040 ABCB1 Block 2 haplotypes
*9 0.020 0.082 0.025 0.010
*10 0.174 0.066 0.025 0.005
11 0.005 nd nd nd
*12 0.002 nd nd nd
*13 0.002 nd nd nd
*14 0.001 nd nd nd
*15 0.001 nd nd nd
*16 0.001 nd nd nd
*17 0.001 nd nd nd
*18 0.001 nd 0.01 nd

*R.eported haplotypes were re-assigned according to our haplotype nomenclature.

n = 2 X number of subjects.
nd; not detected.

Discussion .

Extensive studies of ABCB1 haplotypes and their func-
tional significance have been conducted, mostly focused
on the common SNPs of 1236C>T, 2677G>T/A,
and 3435C>T. However, recent association studies
on promoter region haplotypes have indicated the
importance of haplotypes within this region (Taniguchi
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et al. 2003; Takane et al. 2004). The results of func-
tional or P-gp expression analyses based on these poly-
morphisms/haplotypes have not always been consis-
tent, possibly due to the small number of subjects used,
different ethnic backgrounds, or insufficient haplotyp-
ing over a limited region. In the present study, we have
conducted a re-assignment of Block 1 haplotypes by ex-
tending the region sequenced to the distal promoter, and
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i) Block 1 haplotypes (subgroups)

Position — 1847 — 1789 —1461_— 1457 - 371 —145
Nucleotide change T>C G>A delCATCC A>G C>G
a a a a a
A
B A
J A G
L A G
G C G
E C del G
Table 6 Major taggmg SNPs of ABCB1 u) Block 2 hap]otypes
for genotype-phenotyhpe association Position 1236 2677 3435
studeis Nucleotide change C>T G>A G>T C>T
Amino acid change A893T A8938
a
*1
=2 T T T
*4 T T
6 T
*8 T
*9 T T
*10 A
11 T A
*18 A T

*Specific for Asian populatioins.

added novel haplotypes in other blocks after assessing a
large number of subjects.

LD analysis revealed that one of the marker SNPs
in the promoter region, — 1789G>A, was moderately
linked to TVS5 4 123A>G, previously classified into
Block 2. Therefore, we shifted the border between
Block 1 and Block 2 and re-analyzed the Block 1
haplotypes. Two promoter haplotype classes associated
with functional changes have been reported previously
(Taniguchi et al. 2003; Takane et al. 2004). One class
included the — 1789G>A SNP, and the other included
the three linked SNPs of — 1847T>C, — 1347T>C and
—129T>C. In our analysis these SNPs were included
in our Block 1 region.

The haplotype containing — 1789G> A was reported
to be associated with reduced P-gp expression levels
in the colon and liver, and reduced promoter activity
was shown in a reporter gene assay (Taniguchi et al.
2003) (see Fig. 7). However, another study found that a
haplotype containing — 1789G> A without —145C>G
(subgroups B and J in our present study) showed no
change in the reporter assay, while another haplotype

© 2006 The Authors
Journal compilation © 2006 University College London

that contained — 1789G>A together with —145C>G
(subgroup L) showed reduced promoter activity (Takane
et al. 2004). Data on the functional effects of haplo-
types harbouring the three linked SNPs (G and E sub-
groups) are also contradictory. While one study showed
an association with reduced colon and liver P-gp ex-
pression levels in patients and reduced promoter ac-
tivity in a reporter gene assay (Taniguchi et al. 2003),
another study reported an association with increased
P-gp expression levels in the placenta and liver, and
with increased promoter activity in a reporter gene as-
say (Takane ef al. 2004). By expanding Block 1 into
intron 5 we identified additional types within pre-
viously reported wild-type sequences (corresponding
to subgroup A in this study) and other variant hap-
lotypes (subgroups B, E, G, ], and L) (Fig. 7). In
total our data revealed 11 tagging variations in Block
1: —1789G>A, — 1461_— 1457CATCdel, —- 371A>G,
—-145C>G, —129T>C, IVS1 — 78delG, IVS4 —
25G>T, 304G>C (G102R), 325G>A (E109K), IVS +
76T>G and IVS5 4+ 123A>G. Thus, if some of these
markers are of functional importance it is possible that
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our subdivisions (types within A and other subgroups)
might explain the discrepancies in P-gp expression lev-
els in the previously reported studies. In fact, our pre-
liminary observation has suggested possible influences
of some of the tagging variations in Block 1 on phar-
macokinetic parameters of paclitaxel (data not shown).
However, this hypothesis requires further clarification
in large scale clinical studies.

Several novel haplotypes were added to the other 3
blocks (1, 38, and 4 new haplotypes in Blocks — 1, 2,
and 3, respectively). We identified a new haplotype *1d
in Block —1, but this variant haplotype was very rare
and the functional significance of uncommon Block — 1
haplotypes remains unknown. We added 7 new groups
to Block 2 haplotypes (*12 to *18), but their frequen-
cies were also very low (0.002 and less). We also con-
firmed the previous finding that, in order of frequency,
the major groups were *2d, *10a, *1e, and *8a. In our
previous study we estimated the relative P-gp activity
of the different haplotypes according to the renal clear-
ance of irinotecan and its metabolites in Japanese cancer
patients. While we found a significant association be-
tween *2, which contained the three common SINPs,
and reduced renal clearance levels, associations with the
*6, *8, and *10 groups that contained only one of the
common markers remained unclear. For the *4, *9, and
*11 groups, which harbour two marker SNPs in Block
2, functional evaluation was impossible due to the small
number of subjects. Previously we showed that *1f may
have been associated with reduced P-gp activity. The
current study revealed that *1f in Block 2 was com-
pletely linked with the newly defined *1d in Block 1,
which contained IVS4 — 25G>T. A further association
study is needed to clarify the effects of the linked *1d
(Block 1) and * 1f (Block 2) haplotypes. Regarding Block
3 we added several minor *1 haplotypes and confirmed
the previous findings that *1a and *1b were the major
haplotypes. We previously observed a trend for an as-
sociation between *1b and higher P-gp activity. Taking
into consideration the haplotype-combinations across
the blocks this trend also needs to be confirmed in a
larger number of subjects.

It is well recognized that there are large ethnic differ-
ences in the frequencies of functionally important hap-
lotypes, including 1236C>T, 2677G>T, and 3435>T
(corresponding to the *2 group in Block 2), and pro-
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moter region SNPs (corresponding to the variant Block
1 subgroups). Comparison of our data with the re-
sults from other ethnic groups indicated the existence of
unique haplotype profiles in the Japanese population. As
suggested by the previous report on the promoter region
(Takane et al. 2004), Japanese samples exhibited large
variations in Block 1 haplotypes. This suggested that not
only *2 in Block 2 but also certain Block 1 haplotypes
may be .functionally important in the Japanese ethnic
group. For Block 2 we confirmed our previous findings
that the major groups were *1 and *2, and that *2d was
the most frequent haplotype. While both groups were
detected as the major types in other Asian and Caucasian
populations, *1 was considerably more frequent than *2
in Africans (Kroetz et al. 2003). Another recent study
found that the two major haplotypes were common to
5 ethnic groups (Tang et al. 2004). That study also re-
vealed that the Chinese and Malay haplotype profiles
were very similar, and that while some simmilarities were
also observed between Caucasian and Indian popula-
tions, Africans differed from all other non-African pop-
ulations. Furthermore, their study suggested that pos-
itive selection for 2677T-3435T had occurred in Chi-
nese and Malays, and for 3435C in Africans. As pointed
out previously, frequent occurrence of *10 (2677G> A)
was unique to Japanese compared with Caucasians and
African populations. Qur study revealed higher fre-
quencies of *10 (2677G>A) and *6 (3435C>T) and
lower frequencies of *8 (1236C>T) and *9 (1236C>T
and 2677G>T) than reported for Asian populatons in
Kroetz et al. (2003) (Table 5). This difference might be
due to the mixed Asian population used in the report,
as differences in the frequencies of 2677G>A between
the Chinese, Malay, and Indian populations have been
noted (Tang et al. 2004). The finding that the high fre-
quency of 2677G> A is shared among Japanese, Koreans
(Yi et al. 2004) and Chinese (Tang et al. 2004) suggests
a close evolutionary relationship between these three
populations.

A whole-genome haplotype database for three pop-
ulations is now available at the Perlegen website
(www.perlegen.com), which provides a good tool for
investigation of the structures of human genetic varia-
tion within and between different populations (Hinds
et al. 2005). For the ABCB1 gene, however, we could
not directly compare their data with ours because their

© 2006 The Authors
Journal compilation © 2006 University College London



SNPs are mostly intronic and did not overlap with our
SNP markers (<20%).

For genotype-phenotype association studies on the
ABCB1 gene, genotyping of the major functional key
SNPs in Blocks 1 and 2 (Table 6) would be useful. Fur-
ther studies on the clinical significance of the haplotypes
described in the present study and elucidation of the
haplotype-combinations across blocks, will be required
to achieve the goal of personalized drug therapy.

Conclusions

We re-established ABCB? haplotypes in the Japanese
population based on novel polymorphisms found in a
large number of subjects, expanding the promoter re-
gion. Our current data added more detailed informa-
tion on functionally-important haplotypes in Blocks 1
and 2 in the Japanese population, and identified dif-
ferences in haplotype profiles between ethnic groups.
The information provided in this study will be of use
in further studies investigating the relationship between
genetic markers and functional changes.
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Background: A combination of irinotecan with continuous intravenous infusions of 5-fluorouracil (6-FU) and

leucovorin {LV) is often used to treat advanced colorectal cancer. However, recent concerns about safety and
convenience have prompted the development of new oral fluoropyrimidine derivatives and improved regimens.
This phase |l study evaluated the efficacy and safety of the oral fluoropyrimidine S-1 plus irinotecan in patients

with previously untreated advanced or recurrent colorectal cancer.

Patients and methods: Forty eligible patients with histologically confirmed colorectal adenocarcinoma received this
treatment. S-1 was administered orally on days 1 to 14 of a 21-day cycle. Patients were assigned on the basis of body
surface area (BSA) to receive one of the following oral doses twice daily: 40 mg (BSA < 1.25m?), 50 mg (BSA>1.25to
< 1.50 m), or 60 mg (BSA = 1.50 m?). Irinotecan (150 mg/m? was administered by intravenous infusion on day 1.
Results: A total of 327 courses of treatment were administered to 40 patients. Five patients had complete responses,
and 20 had partial responses. The overall response rate was 62.5% (35% confidential interval, 47.5%-77.5%). Median
progression-free survival was 8.0 months (95% confidential interval, 5.2-11.4 months). The rates of grade 3 or 4
toxicity were as follows: neutropenia, 15%; anemia, 7.5%; anorexia, 12.5%; and diarrhea, 7.5%.

Conclusions: Combined treatment with S-1 and irinotecan is an effective, well tolerated, and convenient regimen in
patienté with advanced colorectal cancer. Our findings suggest that combined treatment with S-1 and irinotecan is
a promising regimen, offering benefits in terms of safety and survival as compared with conventional regimens in

patients with advanced colorectal cancer.
Key words: S-1, irnotecan, colorectal cancer, phase |l study

introduction

Irinotecan, a potent inhibitor of topoisomerase I, extends
survival significantly as compared with best supportive care or
5-fluorouracil (5-FU) infusion as second-line therapy for
advanced colorectal cancer. Two randomized phase III trials
have shown that a combination of irinotecan plus intravenous
bolus or continuous intravenous infusion of 5-FU and
leucovorin (LV) as first-line treatment provides a survival
benefit, with a median overall survival time (MST) of 14.8 to
17.4 months in patients with advanced colorectal cancer [1].
However, recent reports have expressed concern about high
rates of toxicity and early treatment-related mortality among
patients receiving combined treatment with irinotecan plus
bolus 5-FU and LV [2-3]. Meta-analysis has shown that
infusional 5-FU regimens may be a safer option and are superior
to bolus 5-FU regimens in terms of tumor response [4].
Consequently, irinotecan plus infusional 5-FU and LV has been
considered superior to irinotecan plus bolus 5-FU and LV.
However, administration of infusional 5-FU is becoming more
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complex because of the need for vascular access devices and
portable delivery systems. The use of an indwelling central
venous catheter and a portable pump may also lead to problems
such as infection, thrombosis, and higher health-care costs.
Such problems have increased the need for new oral
fluoropyrimidine agents and safer and more effective
combination regimens for advanced colorectal cancer.

S-1 is an oral fluoropyrimidine preparation developed
by Taiho Pharmaceutical Co., Ltd. (Tokyo, Japan) that
combines tegafur with two 5-FU modulators, 5-chloro-2,
4-dihydroxypyridine (CDHP) and potassium oxonate (Oxo),
in a molar ratio of 1:0.4:1 [5]. Tegafur, a prodrug of 5-FU, is
converted to 5-FU mainly in liver and tumor cells. CDHP,
a reversible inhibitor of dihydropyrimidine dehydrogenase,
suppresses the degradation of 5-FU, thereby maintaining high
concentrations of 5-FU in plasma and tumor cells {5-6].
CDHP also decreases cardiotoxic and neurotoxic effects by
reducing the production of F-B-alanine (FBAL), the main
catabolite of 5-FU [7-8]. After oral administration, Oxo is
selectively distributed to the small and large bowel. High
concentrations of Oxo in these organs inhibit the
phosphorylation of 5-FU to fluoropyrimidine monophosphate,
catabolized by orotate phosphoribosyltransferase within
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gastrointestinal mucosal cells, thereby reducing the incidence
of diarrhea [9].

Several clinical trials of S-1 monotherapy have been
conducted. Dose-limiting toxicity was myelosuppression in
Japanese studies and diarrhea in European and North American
studies [10-13]. In phase II trials of S-1 as a single agent,
response rates ranging 19% to 39% were obtained in patients
with advanced colorectal cancer [14-16]. These studies
demonstrated that S-1 had a high response rate and good
compliance in patients with advanced colorectal cancer treated
on an outpatient basis. Several regimens combining S-1 and
irinotecan were subsequently developed. Yamada et al.
conducted a phase 1 and pharmacokinetic study to assess the
maximum tolerated dose and recommended dose of S-1
combined with irinotecan [17]. That study recommended that
150 mg/m? of irinotecan is given on day 1 with 40 mg/m? of
S-1 twice daily on days 1 to 14 of a 21-day cycle. We conducted
this phase II study to validate the safety profile and effectiveness
of S-1 combined with irinotecan in patients with advanced
colorectal cancer.

patients and methods

eligibility

To be eligible for this study, patients had to have histologically or
cytologically confirmed advanced or recurrent colorectal adenocarcinoma
with metastatic measurable lesions. Other eligibility criteria included an age
of 220 to <75 years, an Eastern Cooperative Group (ECOG) performance
status (PS) of <2, a leukocyte count of 23000 to <12 000/, 2 hemoglobin
of 28 g/dl, a platelet count of 2100 000/p], a serum bilirubin level

of <1.1 mg/dl, serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels of <100 U/], a serum creatinine level of
<1.1 mg/dl (for men) or <0.7 mg/dl (for women), the ability to ingest food,
and no high medical risks. Patients who had received prior chemotherapy or
radiotherapy were excluded; however, those who had received adjuvant
chemotherapy completed at least 6 months before study entry were eligible.
All patients gave written informed consent before enrolment.

treatment schedule

S-1 was available as capsules containing 20 or 25 mg of tegafur. Patients were
assigned on the basis of body surface area (BSA) to receive one of the
following oral doses twice daily, within an hour after breakfast and supper:
40 mg (BSA <1.25 m?), 50 mg (BSA 21.25 to <1.50 m?), or 60 mg (BSA
21.50 m?). S-1 was given for 14 consecutive days followed by a 7-day rest
period. Irinotecan was administered as a 90-minute intravenous infusion in
a dose of 150 mg/m” on day 1, after the initial oral dose of $-1. Courses of
treatment were repeated every 21 days until confirmation of either disease
progression or unacceptable toxicity.

If laboratory abnormalities not meeting the eligibility criteria developed
after the start of treatment, subsequent courses of treatment were withheld
until the resolution of such abnormalities to the levels defined in the
eligibility criteria. If >grade 2 non-hematological toxicity other than
constipation, alopecia, pigmentation, or taste disturbance occurred,
subsequent courses of treatment were also withheld until symptoms
resolved. If the eligibility criteria were not met by day 35 of a cycle, the
patient was excluded from further study. If the serum bilirubin level
exceeded 1.5 mg/d], the serum creatinine level exceeded the eligibility
criteria, or other 2grade 3 toxicity developed, the treatment course was
interrupted until symptoms, laboratory abnormalities, or both had resolved.
If treatment was rs_umcd, S-1 was given until day 14 of the cycle, not for the
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full 14 days. If the previous treatment course was delayed or interrupted
because of toxicity, the dose of irinotecan was reduced by 25 mg/m? for
subsequent courses. If 125 mg/m? of irinotecan was not tolerated, the
dose was reduced to 100 mg/m®. If 100 mg/m” of irinotecan was poorly
tolerated, the patient was excluded from further study. The dose of S-1 was
unchanged if the dose of irinotecan was reduced. Only if skin reactions
occurred, the dose of S-1 was reduced in subsequent courses as follows:
60 mg, 50 mg, and 40 mg of S-1 twice daily were reduced to 50 mg,
40 mg, and 25 mg twice daily, respectively. Once lowered, the doses of
S-1 and irinotecan were not increased.

Supportive treatments were given as required. The use
of colony-stimulating factors was allowed if medically justified.
A 5-hydroxytryptamine-3-receptor antagonist and dexamethasone
were given to all patients in a 30-min intravenous infusion before
administration of irinotecan. All patients received oral dexamethasone
on days 2 and 3 of each cycle. '

evaluation

Patients who received at least one treatment course were included in safety
and efficacy analyses. Before study entry, patients underwent physical
examination, chest X-ray, and computed tomographic scans of the abdomen
and chest. Patients were re-examined at 6-week intervals to evaluate target
lesions. Responses were evaluated according to the RECIST criteria [18].
Complete and partial responses required subsequent confirmation of
response after an interval of at least 4 weeks. Pretreatment evaluations
comprised an electrocardiogram, urinalysis, and laboratory tests, including
a complete blood cell count and serum chemistry profiles. Toxicity was
assessed according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC), version 3.0. Toxicity and laboratory variables were
assessed weekly during the first treatment course and on days 1 and 15 from
the second through sixth treatment courses. Safety profiles and dose
intensity were determined for up to six courses of treatment per patient.

statistical methods

Response rates with 5-FU plus LV, or with irinotecan as a single agent were
approximately 20% in previous clinical trials in patients with advanced
colorectal cancer. With a combination of irinotecan, 5-FU, and LV as
first-line treatment for advanced colorectal cancer, the response rate was
about 40%. We calculated the required sample size for this study on the
basis of a target activity level of 40% and a minimum activity level of 20%,
with o and B error of 0.1. The required number of patients was estimated
to be 36. A stopping rule was included in this study. This trial would

have been stopped if there were less than four patients with response
among the first 19 patients. Survival was calculated by the Kaplan-Meier
method from the date of starting treatment.

results

patients’ characteristics

Between April 2004 and February 2005, we enrolled 41 patients
with advanced colorectal carcinoma. One patient was
excluded from the study because of another active malignancy.
The other 40 patients met all eligibility requirements. Their
characteristics are shown in Table 1. All eligible patients received
at least one course of treatment. Three patients had received
prior adjuvant chemotherapy (bolus 5-FU and £-LV in 2, and an
oral fluoropyrimidine derivative in (1). Nine patients had
primary sites with metastatic lesions at study entry. The median
follow-up time was 12 months. The 40 patients had received

doi:10.1093/annonc/mdl066 |



Table 1. Patients’ characteristics
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Table 2. Response rates

1

No. of patients 3 40 1 Response "No. of patients
Age, years Complete response 5
Median 60 Partial response 20
Range 23-70 Stable disease 11
Sex Progressive disease 2
Male 27 Not evaluated 2
Female 13 Overall response rate: 62.5% (25/40)
PS (ECOG) 95% confidential interval [%)] 47.5-77.5
0 . 35
1 5
Primary lesions Survival rate
Colon 25 1
Rectum 15
No. of organs involved re
1 13
2 16
>3 1 61
Sites of metastasis
Liver 33 4
Lung 17
Lymph nodes i 13 24
Primary site 4 9
Abdominal mass 4
Others 3 01 T T T T T T T
Prior therapy 0 2 4 6 8 10 12 14
Sur for primary lesions 31 Survival time (months)
gery lor pnmary lesio
Surgery for metastatic lesions Figure 1. Progression-free survival of 40 patients with previously untreated
Adjuvant chemotherapy 3 colorectal cancer who received a combination of S-1 and irinotecan.
Others 1 Median progression-free survival was 8.0 months (95% confidential
Mean body surface area (BSA, m?) interval, 5.2 to 11.4 months). '
Mean 1.60
Range 1.39-1.84
No. of patients according to the initial dose of 1.2 to 4.2 months). The median duration of response was
S-1, assigned on the basis of BSA 8.0 months (range, 2.8 to 11.9+ months).
40 mg twice daily (<1.25 m?) - 2
50 mg twice daily (21.25 to <1.50 m?) 7
60 mg twice daily (21.50 m?) 31 toxicity

a total of 327 treatment courses (median, nine courses; range,
one to 16+ courses).

response

All 40 patients had at least one measurable lesion. Responses to
treatment are shown in Table 2. Five patients had a complete
response (CR). Two of these patients had lung metastasis, one
had lung and liver metastases, and two had liver and abdominal
lymph node metastases. Response was not evaluated in two
patients. One patient refused to continue treatment, and
another discontinued treatment because of toxicity before the
initial evaluation of response. At a median follow-up time of 12
months, the median progression-free survival (PES) time was
8.0 months (range, 1.4 to 13.8+ months; 95% confidence
interval, 5.2 to 11.4 months) (Figure 1). Because there were only
seven deaths, the median overall-survival time could not be
calculated. Among 25 patients who had complete or partial
responses, the median time to response was 1.5 months (range,

| Goto et al.

A total of 200 treatment courses were administered to the 40
eligible patients to define safety profiles for up to six treatment
courses per patient. Toxicity is summarized according to the
worst grade per patient in Table 3. There were no treatment-
related deaths. The most common type of hematological
toxicity was anemia; however, the incidence of grade 3 or 4
anemia was very low. The most common type of non-
hematological toxicity was fatigue, which was usually mild.
Toxicity is summarized according to the worst grade for the
200 courses of treatment in Table 4. Cumulatively,
myelosuppression and gastrointestinal toxicity were most
common reactions, but were generally mild. The incidence of
grade 3 or 4 toxicity was less than 5% for all events.
Treatment was discontinued because of toxicity in seven of
the 40 patients. The reasons for discontinuing treatment were as
follows: grade 3 anorexia or nausea, 3 patients; grade 3 diarrhea,
one; grade 3 elevation of AST, one; grade 2 cardiac ischemia,
one; and refusal to continue treatment because of prolonged
mild fatigue and nausea, one. The patient with the grade 3
elevation of AST was confirmed to have severe multiple liver
metastasis at study entry. There was no evidence of disease
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Table 3. Toxicity in all 40 patients during one to six treatment courses

Anemia 28 S

3 0 90 7.5
Leukopenia 13 10 0 0 57.5 0
Neutropenia 5 20 5 1 77.5 15.0
Thrombocytopenia 2 1 1 0 10 2.5
Diarrhea 13 10 3 0 65 7.5
Fatigue 29 5 0 0 85 0
Anorexia 20 7 5 0 80 12.5
Nausea 22 3 1 0 65 2.5
Vomiting 12 0 1 0 32.5 2.5
Stomatitis 21 4 0 0 62.5 0
Febrile neutropenia 4 2 1 0 175 2.5
Rash 8 2 0 0 25 0
Ocular diseases 5 1 0 - 15 0
Hand-foot syndrome 6 0 0 - 15 0
Hyperbilirubinemia 16 3 1 0 50 2.5
Elevation of AST/ALT 20 4 2 0 65 5.0

progression, but the patient could not continue treatment
because of prolonged liver dysfunction with mild fatigue and
anorexia. The patient who had mild cardiac ischemia recovered
soon after the withdrawal of treatment. The investigator decided
against resuming treatment. All patients received the initial
doses of S-1 and irinotecan on day 1 of the first treatment course
on an inpatient basis. All subsequent treatment courses were
administered on an outpatient basis.

dose intensity

The mean dose intensity of irinotecan was 130 mg/m?/3 weeks.
The mean relative dose intensity of irinotecan was 87%. The
dose of irinotecan was reduced according to the study protocol
in five of the 40 patients (12.5%). The reasons for reducing the
dose of irinotecan were as follows: diarrhea, three patients;
anorexia, one; and hyperbilirubinemia, one. The mean relative
dose intensity of S-1 was 82%. S-1 had good compliance: 96% of
the scheduled dose was administered during one to six
treatment courses. The dose of S-1 was reduced according to the
study protocol in three of the 40 patients (7.5%). The reasons
for dose reduction were as follows: stomatitis, 1 patient;
ocular diseases, 1; and anorexia, 1. During one to six treatment
courses (a total of 200 courses), treatment was delayed for at
least 1 week because of toxicity in 12 of the 40 patients (25%).
The incidences of toxic reactions responsible for treatment
delays were as follows: neutropenia or leukopenia, 3%; diarrhea,
2%; hyperbilirubinemia, 2%; and other reactions, 4.5%.

discussion

This study assessed the efficacy and safety of combined
treatment with S-1 and irinotecan in patients with previously
untreated colorectal cancer. Our results showed that S-1 plus
irinotecan was very effective, with a response rate of 62.5% and
median PFS of 8.0 months. In previous phase I1I studies of
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irinotecan with infusional 5-FU and LV, response rates ranged
from 31% to 62% (1, 19-22]. Median time to progression (TTP)
or PFS was 6.7 to 8.7 months. Although there are limitations
in comparing the results of different studies, the response rate
and PFS in our study were similar to those reported in previous
studies of irinotecan with infusional 5-FU and LV.

Toxicity was generally mild and manageable on an outpatient
basis. The most common hematological toxicity was anemia,
because the baseline hemoglobin level was grade 1 or less than
the lower limit of normal in nearly all patients. Meanwhile,
neutropenia was considered the most frequent type of
treatment-related hematological toxicity. The most common
type of non-hematological toxicity was fatigue, which was not
severe but prolonged. The incidences of grade 3 or 4 diarrhea
and anorexia were low. However, patients with anorexia had
other related toxic reactions, such as diarrhea, dehydration,
fatigue, and neutropenia. In patients who had moderate
anorexia or diarrhea, treatment with S-1 was temporarily
discontinued, or the start of the next treatment course was
delayed at least 1 week. Consequently, either neutropenia or
leukopenia was the most common reason for delaying
subsequent courses of treatment. Neutropenia, diarrhea, nausea,
and vomiting frequently occurred in previous studies of
combined treatment with irinotecan plus infusional 5-FU and
LV {1, 19-22]. Our results suggested that both the incidences
and intensities of these toxic reactions with S-1 plus irinotecan
were similar to those with a combination of irinotecan plus
infusional 5-FU and LV.

Prolonged mild ocular toxicity, including epiphora and
blurred vision, was relatively frequent, especially in patients who
received long-term treatment. Such toxicity occasionally led to
delay of treatment and was most likely caused by 5-FU. The
safety database of the manufacturer of S-1 indicates that the
incidence of ocular toxicity is less than 5%. Systemic therapy
with 5-FU has been reported to cause epiphora due to stenosis
and fibrosis of tear ducts [23]. Another study has suggested that
epiphora is often reversible on stopping treatment [24].
Subsequent courses of treatment should therefore be delayed
and appropriate local therapy administered in patients with
ocular toxicity. Unfortunately, one patient in our study
underwent surgery of the tear ducts. Patients who have
persistent ocular toxicity should therefore be referred to an
ophthalmologist.

The mean relative dose intensity of both S-1 and irinotecan in
our study exceeded 80%. We calculated the dose intensity of S-1
in a similar manner to S-1 as a single agent. The dose intensity of
irinotecan in our study was less than that of irinotecan
combined with infusional 5-FU plus LV. In another phase I
study of S-1 plus irinotecan, S-1 was administered twice daily
for 3 weeks in combination with irinotecan on days 1 and 15 of
a 5-week cycle [25]. The recommended dose was 80 mg/m? of
irinotecan. The dose intensity of irinotecan in a 5-week schedule
was very similar to that with our regimen. These findings suggest
that the use of higher doses of irinotecan would probably
require a lower dose of S-1 to maintain toxicity, especially
neutropenia, diarrhea, or prolonged fatigue, within acceptable
levels. Overall, compliance with a combination of S-1 and
irinotecan was good; in addition, our regimen was more
convenient and easier to administer than a combination of
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