SNP, 518C>G (A173G, *2 allele), was found at a frequency
of 0.594. As for 1410, eight SNPs were detected. Among
them, two polymorphisms, 4G>A (A2T) and 200A>G
(E67G), were novel (Figure 2). Previously reported SNPs
177G>A (MS591, *2 allele) and 605C>T (T202I, *3 allele)
were both found at a 0.010 frequency. Seven polymorphisms
were detected in 149, and two of them, —126_—-118 T9>T11
and 422C>G (5141C), were novel (Figure 3). The SNPs
726T>G (Y242X, *4 allele) and 766G > A (D256N, *5 allele)
were found at frequencies of 0.003 and 0.010, respectively.
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In this study, the known insertion, —~126_-118 T9>T10
(*22 allele), was also detected at a 0.666 frequency. A total of
nine SNPs including two novel ones (—70G>A, and
726T>C (Y242Y)) were detected in 1A7 (Figure 3). The
known nonsynonymous SNPs, 387T>G (N129K), 391C>A
and 392G>A (R131K: the SNPs at 391 and 392 are
completely associated), and 622T>C (W208R), were also
detected at frequencies of 0.350, 0.350, and 0.219, respec-
tively. In 143, 10 SNPs were detected, and only 46C>T
(L16L) was novel. The known nonsynonymous SNPs,
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17A>G (Q6R), 31T>C (W11R), 133C>T (R45W), and
140T>C (V47A), were detected at frequencies of 0.051,
0.265, 0.043, and 0.133, respectively (Figure 4).

LD analysis

Next, pairwise LD analysis was performed for the UGTIA
genes using the polymorphisms detected in this study (148,
1A10, 1A9, 1A7, and 1A3) and previous studies (1A6, 144,
1A1, and common exons 2-5)!'2! from the same 196
subjects, and the values for tho square (3, chi square (%),
and || were obtained. Variations found in only one subject
were excluded from the analysis. Since the data for 7* and 2
values were almost equivalent, only the data for r* is
depicted in Figure S. Several close linkages within each
segment were seen between the variations of the 148, 1410,
1A7, and 1A3 gene segments, as seen in the 146, 144, and
1A1 segments and common exons that were previously
analyzed. Furthermore, strong linkages were also observed
across the segments, especially between 1A8 and 1A10,
among 1A9, 147, and 1A6, and between 143 and 1A1, where
approximately 19, 35.5, 10, 11, 26, 10.5, and 29.5kb
separate 1410 from 1AS8, 1A9 from 1A10, 1A7 from 1A9,
1A6 from 1A7, 1A4 from 1A6, 1A3 from 144, and 1Al from
1A3, 1espectively. Thus, the region from 1A8 to 1A1 was
divided into four LD blocks: Block 8/10 (1A8 and 1A10), Block
9/6 (1A9, 1A7, and 1A6), Block 4 (1A4), and Block 3/1 (1A3
and 1A1). The data from the |Y| values supported this block
partitioning (data not shown). In addition, a few excep-
tional strong linkages (over 0.7 for r%) beyond the LD blocks
were also observed. The perfect linkage (r* = 1) was detected
between 1410 177G >A (M59]) and 1A9 766G > A (D256N),
and between 144 IVS1+101G>T and 1A1 686C>A
(P229Q). A strong LD (©*=0.95) was also shown between
1A8 711A>C (T237T) and 143 17A>G (Q6R). In addition,
147 756G>A (L252L) was strongly linked with 1A4
-219C>T, -163G>A, 142T> G (L48V), 448T>C (L150L),
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804G > A (P268P), and IVS1+43C>T (©*=0.78 or greater).
The other linkages were less than 0.67 for r2.

Haplotype analysis

Next, the haplotypes for Block 8/10, Block 9/6, and Block 3/1
were analyzed. The haplotypes of Block 4, consisting of the
1A4 segment,?* and Block C, covering common exons 2-5
{Block 2 in a previous paper'®), have already been reported.
The block haplotypes were tentatively named with Roman
numerals plus small alphabetical letters. The haplotypes
were also estimated for each gene segment (segment
haplotypes), where a group of haplotypes without amino-
acid changes was defined as *1.

As for Block 8/10, consisting of the two segments 148 and
1A10, six haplotypes were first unambiguously assigned by
the presence of homozygous SNPs at all sites (*Ia, *Ib, *Ila,
and *IIb) or a heterozygous SNP at only one site (*Ilc and
*IIla). We separately estimated the diplotype configuration
(a combination of haplotypes) for each subject by LDSUP-
PORT software. The diplotype configurations of 184 subjects
were inferred with a probability greater than 0.96, and the
remaining diplotypes (12 subjects) had a probability greater
than 0.54. The haplotype inferred in the diplotypes with low
probabilities were described with a question mark in Figure 2
(i.e., *IVa?). There were eight additionally inferred haplo-
types. The block haplotypes were also described in the form
of segment haplotype (1A8 haplotype-1410 haplotype)
combinations in Figure 2: in the 148 segment, the segment
haplotype bearing the nonsynonymous A173G (*2 allele)
was named *2; in 1A10, the haplotypes bearing M591 (*2
allele), T202I (*3 allele), A2T, and E67G were named *2, *3,
*27, and *67G, respectively. The most frequent block
haplotype (segment haplotype combination in parenthesis)
was *Ila (*2a*1a) (frequency: 0.492), followed by *Ia (*1b*1a)
{0.311), *Ilb (*2a*1b) (0.084), and *Ib (*1c*1a) (0.051). The
frequencies of other block haplotypes. were less than 0.05.
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It is noteworthy that the low-activity 1410 haplotype *3
was completely linked with the 1A8*1 haplotype (Block
8/10 *IV).

Regarding Block 9/6 (1A9-1A7-1A6), 14 haplotypes were
first unambiguously assigned by homozygous SNPs at all
sites (*Ia, *Ib, *IlIa, and *Illa) or a heterozygous SNP at only
one site (*Ic, *Id, *lc, *IId, *IIIb, *IVa, *Va, *VIlla, *XIa, and
*XIla). Additionally, eight haplotypes (*lIb, *Ile, *illc, *VIa,
*Vib, *VIla, *IXa, and *Xa?) were inferred, and diplotype
configurations of 191 subjects were inferred with a 1.00
probability by the software. The haplotype inferred in the
diplotype with a low probability was *Xa? (Figure 3). The

block haplotypes were also described as combinations of
segment haplotypes (1A9 haplotype-1A7 haplotype-146
haplotype) in Figure 3: in the 1A9 segment, the segment
haplotype bearing Y242X (*4 allele), D256N (*§ allele),
—126_-118 T9>T10 (*22 allele), —126_-118 T9>T11, or
$141C were named *4,*$, *22, *T11, or *141C, respectively;
in the 1A7 segment, the haplotype bearing N129K/R131K
(*2 allele) was named *2, and the haplotype bearing N129K/
R131K/W208R (*3 allele) was named *3; in 1A6, the
haplotypes bearing S7A/T181A/R184S (*2 allele), S7A/
R184S (*4 allele), S7A/S103X/T181A/R184S (*$ allele), and
S7A/RO90H/T181A/R184S (*6 allele) were named *2, *4, *$,
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and *6, respectively, as described previously.?° The most
frequent haplotype of Block 9/6 was *Ia (*22a*1a*1a) (0.594),
followed by *Ila (*1a*3a*2a) (0.184), and *Illa (*1a*2a*1la)
(0.074) (Figure 3). The frequencies of the other haplotypes
were under 0.05. Notably, most (97.6%) of the high-activity
segment haplotype 1A9*22 was linked with IA7*1 and
1A6*1 (Block 9/6 *I). The 1A7 low-activity haplotype *3 was
mostly linked (97.7%) with 1A6*2 haplotype (*If and *IVa
in Figure 3).

Regarding Block 3/1 (1A3-1A1), six haplotypes were first
unambiguously assigned by the presence of homozygous
SNPs at all sites (*Ia, *Ila, *Illa, and *Va) or a heterozygous
SNP at only one site (*Ib and *VIa). The diplotype
configurations of 188 subjects were inferred with a 1.00
probability. The additionally inferred haplotypes were *IIb,
*Ilc, *Iiib, *Illc, *IVa-*IVe?, and *VIla. The haplotype *IVe?
was inferred with a low probability (Figure 4). The
combinations of segment haplotypes (1A3 haplotype-1A1
haplotype) were also described in Figure 4: in 143, the group
bearing the nonsynonymous variations Q6R/W11R, W11R,
R45W, and W11R/V47A were named the *6R1IR, *11R,
*45W, and *11R47A haplotypes, respectively;?2 in 1A1, the
haplotypes bearing G71R (*6 allele), —40_—39 insTA (*28
allele with or without *60 allele), and —3279T > G (*60 allele
without *28 allele) were named the *6, *28, and *60

" haplotype groups as described previously.’®* The most
frequent haplotype of Block 3/1 was *Ia (*1a*1a) (frequency:
0.564), followed by *Ila (*11R47A*28D) (0.122), *Ula (*1a*64a)
(0.102), *IVa (*11Ra*60a) (0.056), and *Va (*6R11R*60aq)
(0.051). The frequencies of the other block haplotypes were
less than 0.05. It is noteworthy that the high-activity
segment haplotype 1A3*11R47A was completely linked with
the low-activity haplotype 1A1*28 (Block 3/1 *II). The low-
activity haplotype IAI*6 was mostly linked (71.3%) with
the 1A3*1 haplotype (*I). The high-activity 1A3*11R
haplotype was perfectly linked with the low-activity
1A1*60 haplotype (*IV).

Finally, no statistically significant differences in haplotype
frequencies were found between the subjects with the
different disease types in Block 8/10, Block 9/6, and Block3/1
(P>0.0S by x* test or Fisher’s exact test).

Genotyping and haplotype analysis across the LD blocks

A typing method was developed and additional 105
Japanese subjects (16 arrhythmic patients and 89 cancer
patients) were genotyped, where direct sequencing (for nine
polymorphisms in the 149 5'-flanking region and 1A44) and
pyrosequencing (for the rest of the polymorphisms) were
used for detection of 41 polymorphisms (see Materials and
methods and the Table 1 legend) with (potentially) func-
tional importance. The frequencies from 301 subjects in
total are described in Table 1. Again, all the allele frequencies
were in Hardy-Weinberg equilibriutn, and statistically
significant differences were not observed in any of the
allelic frequencies between the two disease types (P>0.05 by
¥? test or Fisher's exact test). Almost the same LD map as in
Figure 5 was obtained between the 41 tagged variations
(data not shown), indicating the robustness of our block
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partitioning. It is noteworthy that the known variation 141
1456T > G (Y486D, *7 allele) was newly found in one subject
(frequency: 0.002).

Several reports have shown that some polymorphisms in
1A9, 1A7, 1A6, and 1A1 were closely linked,’-*® and we also
observed several weak linkages beyond the LD blocks (see
Figure 5). Therefore, the block-haplotype combinations
(whole complex haplotypes) were analyzed among Block 8/
10, Block 9/6, Block 4, Block 3/1, and Block C (common exons
2-5) by LDSUPPORT software utilizing the polymorphisms.
In 1A4 (Block 4), the haplotypes bearing L48V (*3 allele) and
R11W (*4 allele) were named *3 and *4, respectively, as
described previously.?* Polymorphisms found at a frequency
less than 0.010, and subjects with these polymorphisms
were excluded in this analysis. When Block 8/10 or Block C
was included in the analysis, the whole-complex haplotypes
were highly complicated (data not shown). However, if Block
8/10 and Block C were excluded, the diplotype configura-
tions of 278 subjects were inferred with a probability greater
than 0.91 (mostly>0.95) using the 18 tagged polymorph-
isms (see Figure 6 legend for polymorphisms). The haplo-
types covering Block 9/6, Block 4, and Block 3/1 are
summarized in Figure 6. Again, we did not find any
statistically significant differences in frequencies of haplo-
types covering Block 9/6, Block 4 and Block 3/1 between the
subjects with the different disease types (P> 0.05 by x? test or
Fisher's exact test). The region from IA9 to 1A1 is
approximately 90kb length. Since the 18 variations were
used for haplotyping, the number of inferred haplotype
combinaticns (only 26) is unexpectedly small compared to
the theoretical ones (Figure 6).

Several functionally important linkages were found across
the blocks. Block 9/6 *VI (1A9*1-1A7*2-1A6*4) and Block 3/1
*[Ib (1A3*11R47A-1A1*28c containing the *60, *28, and *27
alleles) were perfectly linked (6/6 cases). Most of the 141*6-
containing haplotypes (Block 3/1 *III and *VI) (69/85 cases)
were associated with Block 4 (1A4) *1 and Block 9/6 *II
(harboring 1A7*3 and 1A46*2). The 1AI*60-harboring hap-
lotypes (Block 3/1 *IV and *V) were very closely linked with
Block 9/6 *1iI (harboring 1A7*2) and Block 4 *3 (59/71 cases of
1A1*60-harboring haplotypes). Most of Block 3/1 *VI
(1A3*45W-1A1*6) (25/26 cases) was associated with Block
9/6 *II (1A9*1-1A7*3-1A6*2), and Block 4 *4 was perfectly
linked (4/4 cases) with both Block 3/1 *VI and Block 9/6 *II.

In addition, we found that Block 8/10 *IV (containing the
low-activity allele 1410*3 (T202I)) was strongly linked with
Block 9/6 *IIl (1A9*1-1A7*2-1A6*1), 1A4*3, and Block 3/1 *IV
(1A3*11R-1A1*60) (4/5S cases of Block 8/10 *IV, data not
shown). Block 3/1 *V (harboring 1A3*6R11R and 1A1*60a)
was perfectly linked with Block C *IB (25/25 cases of Block 3/1
*V, data not shown).

Discussion
Previously, we have reported the genetic variations of

UGTIAS6, 1A4, 1A1 segments and common exons 2-5 found
in 196 Japanese subjects.’®-2! In this study, we first directly
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Table 1 Frequencies of variations in the UGTIA gene complex detected in 301 Japanese subjects
Location Nucleotide Amino-acid Number of subjects Frequency
change change
Wild type Heterozygote Homozygote
1A8 Ex1 518° C>G A173C 48 145 108 0.600
1A10 Ex] 4° G>A A2T 300 1 0 0.002
177° G>A M591 297 4 0 0.007
200° A>G E67C 300 1 0 0.002
605° C>T T202i 295 6 0 0.010
1A9 5'-Flank -126to ~118 79>T10 34 130 136 0.668
T9>T11 1 0 0.002
1A9 Ex1 422° C>G $141C 300 1 0 0.002
726* >G Y242X 300 1 0 0.002
766° G>A D256N 297 4 0 0.007
1A7 Ex1 3872 T>G N129K 128 135 38 0.350
3912 C>A 128 135 38 0.350
392° G>A R131K 128 135 38 0.350
622 T>C W208R 186 101 14 0.214
1A6 Ex1 19¢ T>G S7A 180 106 15 0.226
269° G>A R9OH 300 1 0 0.002
3082 C>A S103X 300 1 0 0.002
5412 A>G T181A 186 101 14 0.214
552° A>C R184S 180 106 15 0.226
1A4 Ex1 31 C>T R1IW 295 6 0 0.010
127 delA 43fsX22° 300 1 0 0.002
142 T>G L48vV 229 66 6 0.130
175 delG 59fsX6° 299 2 0 0.003
271 C>T R91C 300 1 0 0.002
325 A>G R109G 299 2 0 0.003
1A4 3'-Flank VS+1 G>T 300 1 0 0.002
1A3 Ex1 17® A>G Q6R 276 24 1 0.043
31 T>C W11IR 167 M 23 0.261
1332 C>T R4SW 274 26 1 0.047
140° T>C V47A 228 69 4 0.128
1A7 5'-Flank -3279° T>G 167 110 24 0.262
—40 to —39° insTA 227 70 4 0.130
1A1 Ex1 2112 G>A G71R 217 76 8 0.153
2472 - T>C F83L 301 0 0 0.000
686° C>A P229Q 295 6 0 0.010
1A Ex4 10912< C>T P364L 298 3 0 0.005
1A Ex5 1456 T>G Y486D 300 1 0 0.002
1598%< A>C H533p 300 1 0 0.002
1A 3-UTR 1813*< C>T 236 63 2 0.111
1941°%< C>G 236 63 2 01
2042~ C>G . 236 63 2 0.111

in all, 105 subjects were genotyped by pyrosequencing.
®43fsX22 represents frameshift from codon 43 resulting in the termination at the 22nd codon, codon 65. The same meaning for 59fsX6.
“The positions in UGTIA? were used. .
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Block 916 Block 4 Block 311 Number of Frequency
UGT1A9 | UGT1A7 | UGT1A6 UGT1A4 UGT1A3 | UGT1A1 combination
*22 *1 *1 ki 1 *1 *1 ki 323 0.581
*1 3 2 X *1 *1 7 k) 3 0.005
1 2 *f H *f *1 7 * 3 0.005
*22 *1 *1 ki 23 1 *1 1 1 0.002
*22 *3 2 v *1 *f i ki 1 0.002
*f 3 2 i *1 *1 *6 i 48 0.086
*22 3 2 ‘v *f *1 ‘6 H 7 0.013
*22 *1 [ ] ‘4 1 *1 *6 W 3 0.005
1 2 *1 i *f *f *6 ki) 1 0.002
*1 3 2 ‘n *f *45W *6 ‘i 21 0.038
1 ‘3 2 ki) *4 45w *6 Vi 4 0.067
*22 *1 *1 * *1 *45W *6 ‘vi 1 0.002
*22 *1 *1 k] * *11R47A *28b *a 30 0.054 .
*1 3 2 il *f *11R47A *28b Yia 30 0.054
“f 3 2 ' *3 *11R47A *28b ‘la 1 0.002
*f 2 4 Vi *1 *11R47A *28¢ *fib 6 0.011
*22 *1 *1 ki *1 *11R47A *28d ‘lic 1 0.002
*1 *3 *2 il * *11R47A *28d *fic 1 0.002
“f 2 *1 k4 *3 *11R *60 ki 36 0.065
*22 *1 *1 ki *3 *11R *60 v 3 0.005
*1 3 2 N *3 *11R *60 v 3 0.005
*1 2 *1 il *f *11R *60 v 3 0.005
*22 *1 *1 ki *f *11R *60 v k] 0.002
*7 2 *1 “H *3 *6R11R *60 v 23 0.041
1 2 *1 k] 1 *6R1IR *60 v 1 0.002
*22 2 *1 Vil *3 *6R1IR *60 v 1 0.002
556 1.000

Figure 6 Combinations of Block 9/6, Block 4, and Block 3/1 haplotypes in a Japanese population. The used variations were UGT149 —126_~118
T9>T10, 1A7387T>G, 391C> A, 392G>Aand 622T>C, 1A6 19T> G, 541A>G and 552A>C, TA431C>Tand 142T>G, 1A317A>G, 31T>C,
133C>T and 140T>C, and 1AT —3279T>G, —40_-39 insTA, 211G >A and 686C>A. In 1A4 (Block 4), the haplotypes bearing L48V (*3 allele),

and R11W (*4 allele) were named *3 and *4, respectively.

sequenced 1A8, 1410, 1A9, 1A7, and 1A3 using genomic
DNA from the same Japanese subjects and detected 7, 8, 7, 9,
and 10 genetic polymorphisms, respectively (Figures 2-4).
Two and one novel nonsynonymous SNPs were found in
1A10 (4G>A, A2T;, 200A>G, E67G) and 149 (422C>G,
S141C), respectively. As for 1A9 S141C, our preliminary
results have shown that this amino-acid substitution
reduces the enzymatic activity against 7-hydroxy-4-trifluor-
omethylcoumarin in vitro (Jinno et al., unpublished data).
Since the guanine base at position +4 is important for
translation initiation,>® 1410 4G>A might decrease the
translation rate. Moreover, the luciferase-reporter activity of
1A9 -126_-118 T10 (1A9*22 allele) was reported to increase
2.6-fold as compared to that of 149 -126_-118 T9.**
Therefore, the novel variation 149 -126_-118 T9>Tl11
may also affect transcriptional activity. Further studies are
needed to ascertain these possibilities. Recently, 147 ~57G
was reported to reduce the luciferase activity by 70% of the
wild-type —57T.2* While this SNP is linked with either 1A7*3
(129K/131K/208R) or *4 (208R) in Germans, our study
showed that —57G was completely linked with 147*3 due
to the absence of 147*4 in Japanese.

For the 1A8 alleles, only *1 and *2 were detected. Our
segment haplotypes *1a, *1b, and *2a correspond to alleles
*1a, *1, and *2, respectively, in a previous study on
Americans.® The frequencies obtained in the United States,3
0.282, 0.551, and 0.145, for *1a, *1, and *2, respectively, are
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different from those obtained in this study, 0.023, 0.316,
and 0.587 for *la, *1b, and *2a, respectively. The allele
frequency of 1A9 —126_-118 T9>T10 (*22 allele) in our
data (0.666) was similar to that reported previously in
Japanese (0.60), but higher than those in Caucasians (0.39)
and African-Americans (0.44).2¢ For 147, the frequencies of
*1, *2 (129K/131K), and *3 (129K/131K/208R) haplotypes
were 0.651, 0.130, and 0.219, respectively. Our data are
comparable to the previous data for a Japanese population, 2
but not to those on Caucasians (0.355, 0.280, and 0.365)
and Egyptians (0.420, 0.200, and 0.380).17 As for 143, the
frequencies of the haplotypes *1, *11R, *6R1IR, *11R47A4,
and *45W were 0.692, 0.082, 0.051, 0.133, and 0.043,
respectively. These are similar to the previous data obtained
from the Japanese.??

Recently, linkages among the SNPs in 149, 147, 146, and
1A1 have been reported in Americans.'® By our LD analysis,
strong linkages were shown between the SNPs in 148 and
1A10, among those in 149, 1A7, and 1A6, and also between
those in 1A3 and 1A1. Moreover, this is the first report on
the haplotype analysis using high-density SNPs for the
entire UGT1A complex. By block haplotyping, several close
linkages between the segmental haplotypes were observed:
between the 1A48*1 and 1A10*3 haplotypes in Block 8/10;
between the 1IA7*3 and 146*2 in Block 9/6; between the
1A3*11R47A and 1A1*28 and between the IA3*IIR and
1A1*60 haplotypes in Block 3/1. Carlini et al.*® reported that
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1A7 low-activity alleles (1A7*2 and *3) were perfectly linked
to 1A9*1 in Americans (including Caucasians (83%) and
African-American (14%)). Also in this study, most (95.6%) of
the 1A7*2 or *3 alieles were linked to the 149*1 allele in
Japanese (Figure 3).

We conducted additional typing of 105 subjects by
pyrosequencing and direct sequencing, and confirmed the
presence of several functionally important haplotype com-
binations beyond the blocks (Figure 6). In Americans
(including Caucasians (83%) and African-American
(14%)),'® Caucasians, and Egyptians,” 75, 78, and 57%,
respectively, of 147*3 were associated with the 1A1*28
allele, though only the *28 allele was genotyped in 1Al in
these analysis. In our more intensive analysis, most of the
1A7*3 haplotype was associated with either the 141*28b
haplotype (having 1A1*60 and *28 alleles) (26.1% of the
1A7*3 haplotype) or the 1AI*6 haplotype (67.2% of
UGT1A7*3). Thus, different profiles for the linkage of
1A7*3 with the 1A1 polymorphisms between the Caucasians
and Japanese reflect the facts that the frequency of the
1A1*6 haplotype in the Asian populations was relatively
high, and that the 141*28 and *6 alleles were mutually
exclusive.’® In fact, linkage between 141*6 and 1A7*3 alleles
was recently suggested in Taiwanese.?” Innocenti et al.
reported the three most common JA9-1A1 haplotype
combinations were 1A9*22-1A1*1 (36.4%), 1A9*1-1A1*28b
(28.0%), and 1A9*1-1A1*1 (18.6%) for Caucasians, and
1A9*22-1A1*1 (45.3%), 1A9*1-1A1*60 (22.3%), and 1A9*1-
1A1*6 (12.7%) for Asians.?® In this study for Japanese,
1A9*22-1A1*1, 1A9*1-1A1*60, and 1A9*1-1A1*6 (58.5, 11.9,
and 13.3%, respectively) were also the most common three
combinations. Furthermore, we revealed that most (98.2%)
of the 1A1*1 haplotype was linked with 149*22, and 87.1%
of 1A1*6, 100% of 1A1*28¢, and 93.0% of 1AI*60 were
associated with 149*1. Collectively, haplotype combina-
tions are suggested to be different between Caucasians and
Asians. In addition, several interesting linkages were found
between the segmental haplotypes as shown in the Results.
For example, the segment haplotypes 1A6*4 (S7A/R1845)
and 1A1*28c were strongly linked in Japanese subjects.

These linkages might be crucial for the metabolism of a
certain drug for which two or more UGT1A isoforms
significantly contribute to its metabolism. In fact, multiple
UGT isoforms are involved in glucuronidation of several
compounds, for example SN-38,7%° estrogens and their
metabolites (estron, estradiol, 2-hydroxyestrone, and
others),3%3% and arachidonic acid and its metabolites.3233
UGT1Al, 1A9, and 1A7 play important roles in SN-38
glucuronidation.”?® The 1A1*60, *28b, and *6 haplotypes
are associated with reduced UGT1Al activity to SN-
38.1519:34.35 §ince the 1A9 high-activity (high transcription)
haplotype *22 was dominant in Japanese (0.666), 1A9*1 can
be considered (relative to *22) as a low-activity haplotype.
The 1A7*3, but not *2, haplotype has a reduced glucuromni-
dation activity (by 59%) to SN-38.”7 A more recent report has
shown that UGT1A10 is also responsible for SN-38 glucur-
onidation,?® and that the 1410 *3 (T202I) is a low-activity
allele. We found that the Block 8/10 *IV haplotype
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(harboring 1A10*3) was closely linked with Block 9/6 *liI
(harboring 1A49*1) and Block 3/1 *IV (harboring 141*60).
Furthermore, most of Block 9/6 *II (harboring 149*1 and
1A7*3) were estimated to be linked with Block 3/1 *IIl or *VI
(having 1A1*6), or Block 3/1 *lla (having 1A1*28b). Though
the functional significance of 1A10 T202] toward SN-38 is
currently unknown, it is possible that the concurrently
reduced activities of UGT1A10, 1A9, 1A7, and 1Al may
influence SN-38 glucuronidation.

Arachidonic acid and its metabolites prostaglandins were
conjugated with UGT1Al, 1A3, 1A9, 1A10, and 2B7.%
UGTI1A1, 1A3, and 1A4 also had catalytic activities toward
a hydroxylated metabolite of arachidonic acid, 12- and 15-
hydroxyeicosatetraenoic acid.3? Furthermore, glucuronida-
tion of leucotriene B4, another arachidonic acid metabolite
that mediates the inflammation process, can be catalyzed by
UGT1A1, 1A3, 1A8, and 2B7.%% Thus, co-occurrence of the
functionally less active haplotypes (such as Block 9/6 *II
(including 1A9*1)-Block 3/1 *VI (harboring 1A3*45W and
1A1%6)), might cooperatively influence the metabolism of
several important compounds in the arachidonic acid
cascade.

Since plural UGT isoforms are often involved in the
glucuronidation of ‘one’ compound, co-occurrence of the
functionally less active haplotypes in the entire UGTIA
gene complex needs to be carefully considered in studies on
the association of genetic polymorphisms with pharmaco-
kinetic parameters and clinical and epidemiologic data. Our
findings would provide fundamental and useful information
for genotyping or haplotyping of UGTIAs in the Japanese
and probably other Asian populations.

Materials and methods

Human genomic DNA samples

The 301 Japanese subjects consisted of 124 arrhythmic
patients, who were administered -blockers, and 177 cancer
patients, who were administered irinotecan. Genomic DNA
was extracted directly from blood leukocytes. The ethical
review boards of the National Cancer Center, the National
Cardiovascular Center, and the National Institute of Health
Sciences approved this study. Written informed consent was
obtained from all patients.

Polymerase chain reaction (PCR) conditions for DNA sequencing

First, the fragments were amplified from genomic DNA
(150 ng) using 2.5U of Z-Taq (Takara Bio Inc., Shiga, Japan)
with 0.2 M primers (see ‘1st amplification’ in Table 2 for
primer sequences). The exon-1's of UGT1A8 and 1A10 were
simultaneously amplified by mixed primers for each gene,
and those of 1A9 and 1A7 were amplified as one fragment.
The primer sequences for the 1st amplification of 1410 were
described previously.?” The first PCR conditions consisted of
30 cycles of 98°C for Ss, 55°C for 5s, and 72°C for 190s.
Then, each exon 1 was amplified by Ex-Taq (0.625 U) (Takara
Bio Inc.) using the first PCR products as templates with the
2nd amplification primers (0.2 uM) that were designed in the
introns (see ‘2nd amplification’ in Table 2 for primer

The Pharmacogenomics Journal

562



Haplotypes of UGT1As In the Japanese

@

M Saeki et af

72

Table 2 Primers for amplification and sequencing of exon-1's in UGT1A8, 147, 1A3, and 5'flanking region of 1A9

Direction Gene Primer name Sequences

1st amplification Forward 1A8 UGT1A8ZF 5'-GTGGCTGGTACTCATTTTICC-3'
Reverse UGTTA8ZR 5'-CTTCCAAACCCAACATCTCTAA-¥
Forward 1A9-7 UGT1A9-7ZF 5'-TCTTGATTGTCCTCCATTGAGT-3
Reverse UGT1A9-7ZR 5/-ACCAAGCAACCATACTCATAGG-3'

2nd ampilification Forward 1A8 UGTTA8-1stF 5'-AGAATGTGGAAGTAGAGCGG-3’
Reverse UCGT1A8-1stR §/-TTAGCAAAAAAGGAAAGTTCAA-3/
Forward 1A9 5'-Flank UGT1A9pro-248F1st 5'-TTGAGACAGAGTCGTGCTGTT-3/
Reverse UGT1A9pro-608R1st 5'-GCAAAGCCACAGGTCAGC-3/
Forward 1A7 UGT1A71stF 5/-AAATGAATGAATAAGTACACGCC-3'
Reverse UGTTA71stR 5-GGAAGTTTCATTTCTTACTGTGG-3'
Forward 1A3 UGT1A3-1stF §'-GTGAGCACAGGGTCAGACCTGT-3
Reverse UGT1A3-1stR S'-TTACAAACATTCGTGTCTACTT-3

Sequencing Forward JA8 Exon1 UGT1A8Ex1Fseq! 5'-TATGACAGGATAAATACACGCC-3
Forward 1A8 Exon1 UGT1A8Ex1Fseq3 5'-ACTCAACCTCATACACTCTGGAG-3
Forward 1A8 Exonl UGT1A8Ex1Fseq2 5'-TGCTCCTCTTTCCTATGTCC-3
Reverse 1A8 Exon1 UGT1A8Ex1Rseql 5-AACTTCGTACTTGTGCTTTCCA-3'
Reverse 1A8 Exon1 UGT1A8Ex1Rseq2 5-ACTGGCAAAATAAATGTTCCTC-3'
Reverse 1A8 Exonl UGT1A8Ex1Rseq3 5'-GCAACAAATGAAAATGTCAAATC-3'
Forward TA9 5'-Flank UGT1A9pro-275Fseq §-GCTCTCGCAAGGATTGGG-3'
Reverse 1A9 5'-Flank UGT1A9pro-275Rseq 5S'-CTTATGGTCTTTGCCTTGGG-3’
Forward 1A7 Exon1 UGT1A7F3-2 5-TITGAGGGCAGGTTCTATCTG-3'
Reverse 1A7 Exonl UT1A71R3 " 5-CAAAAACCATGAACTCCCGG-3/
Forward 1A7 Exonl UT1A71F4 5'-TGGCAACTGGGAAGATCAC-3'
Reverse 1A7 Exonl UT1A71R4 5'-GGACATAGGAAAGAGGAGCAG-3
Forward 1A7 Exonl UTT1A71FS 5'-CTCCCTCCCCTCTGTGGTC-3
Reverse 1A7 Exonl UT1A71RS 5'-GCACTGGCTTTCCCTGATGAC-3"
Forward 1A7 Exont UGT1A7F6-2 5'-GAGGAACATTTATTTIGCCC-3’
Reverse 1A7 Exonl UT1A71R6 5'-TACATATCAACAAGAGCTGC-3
Forward 1A3 Exonl UGT1A3seqF1 5'-GTGTTTTTCAAGATAGTC-3'
Reverse 1A3 Exonl UGT1A3segR1 5'-GCACATGGCGATCAAATTC-3/
Forward 1A3 Exoni UGT1A3seqF2 5'-AGGCAGTGGTCCTCACCCCAGA-3' .
Reverse 1A3 Exont UGT1A3seqR2 5'-AAGCATGGCAAATGTAGGACAGG-3'
Forward 1A3 Exon1 UGT1A3seqF3 5'-CCCTTCCTCCTATATTCCTAGA-3'
Reverse 1A3 Exonl UGT1A3-1stR 5'-TTACAAACATTCGTGTCTACTT-3’

sequences). The PCR primers for the 2nd amplification of
1A10 and 1A9 were described previously.3”3® Exon 1 in 143
and the promoter region of 1A9 were first directly amplified
from genomic DNA (100ng) using Ex-Taq as in the 2nd
round of PCR described below. The second round of PCR
consisted of one cycle at 94°C for Smin, followed by 30
cycles of 94°C for 30s, 55°C for 1 min, and 72°C for 2 min,
and then a final extension for 7min at 72°C. These PCR
products were then treated with a PCR Product Pre-
Sequencing Kit (USB Co., Cleveland, OH, USA) and directly
sequenced on both strands using an ABI BigDye Terminator
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA,
USA) and the primers listed in Table 2 (see ‘Sequencing’).
The excess dye was removed by a DyeEx96 kit (Qiagen,
Hilden, Germany), and the eluates were analyzed on an ABI
Prism 3700 DNA Analyzer (Applied Bjosystems). All the SNPs
were confirmed by repeating the PCR on genomic DNA and
sequencing the newly generated PCR products.
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Genotyping (pyrosequencing)

Genotyping was performed by pyrosequencing, except for
UGT1A4 31C>T (R11W), 127delA (43£sX22: frameshift from
codon 43 resulting in the termination at the 22nd codon,
codon 65), 142T>G (L48V), 175delG (59fsX6), 271C>T
(R91C), 325A>G (R109G), and IVS+1G>T, and 1A9
~126_-118 T9>T10 or T11, which were genotyped by
direct sequencing because these polymorphisms were not
clearly determined by pyrosequencing. Fragments were
directly amplified from genomic DNA (10-15ng) by Ex-
Taq (1 U) with amplification primer pairs (either primer was
biotinylated) (Table 3). The PCR conditions consisted of 1
cycle at 94°C for Smin, followed by 50 cycles of 94°C for
30s, 55°C for 30s (except for UGT1A 1598A>C (H533P), in
which annealing was carried out at S8°C for 45s), and 72°C
for 30s. Primers for 141 -3279T>G, —40_-39 insTA,
211G >A (G71R), 247T>C (F83L), 686C>A (P229Q), and
1456T>G (Y486D) in common exon 5 were described
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previously.>® Biotinylated single-stranded DNA fragments
were generated as described previously.3® Briefly, PCR
products were mixed with streptavidin beads for 10 min.
The beads were transferred to a MultiScreen-HV Plate
(Millipore Corporation, Billerica, MA, USA), and the buffer
was removed by vacuum. DNA attached to the beads was
denatured, washed twice, and then suspended in 20 mM Tris-
acetate containing 2 mM Mg-agetate (pH 7.6). After transfer-
ring to a 96-well PSQ plate (Pyrosequencing AB, Uppsala,
Sweden), 10 pmol of the sequencing primer (PAGE-purified
grade) (Table 3) for SNP analysis was added to the single-
stranded fragments. The mixture was incubated at 95°C for
2min, and then cooled to room temperature for annealing.
An automated pyrosequencing instrument, the PSQ™96MA
(Pyrosequencing AB), and the PSQ 96 SNP reagent kit
(Pyrosequencing AB) were used to perform the genotyping.
To validate the typing methods, the results for 48 samples
were confirmed to be identical to those obtained by direct
sequencing (data not shown).

LD and haplotype analysis
Hardy-Weinberg equilibrium analysis and LD analysis were
performed using SNPAlyze software (version 3.2). (Dynacom
Co. Ltd., Yokohama, Japan), and pairwise two-dimensional
maps between SNPs were obtained for the |IY|, x?, and 7°
values. Some of the haplotypes were unambiguously
determined from the subjects with homozygous SNPs at all
sites or a heterozygous SNP at only one site. Separately, -the
diplotype configurations (combination of haplotypes) were
inferred by an expectation-maximization-based program,
LDSUPPORT, which determines the posterior probability
distribution of the diplotype configuration for each subject
based on the estimated haplotype frequencies.*°

The diplotype configurations of the subjects were inferred
with probability (certainty) values over 0.96 for 184, 191,
and 188 out of 196 subjects in the UGTIA8-1A10 block
(Block 8/10), the 1A9-1A7-1A6 block (Block 9/6), and the 1A3-
1A1 block (Block 3/1), respectively. The Block 4 (1A4)
haplotypes were described previously.?* Note that the
predictability for the extremely rare haplotypes inferred
from only one subject is known to be low in some cases.
Haplotype analysis was also performed among the repre-
sentative SNPs in Block 9/6, Block 4, and Block 3/1 by
LDSUPPORT software.

Abbreviations
Lo finkage disequilibrium
PCR polymerase chain reaction

SN-38  7-ethyl-10-hydroxycamptothecin
SNP single nucleotide polymorphism
uGT UDP-glucuronosyltransferase
UTR untranslated region
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High-Dose-Rate Brachytherapy for Small-Sized
Peripherally Located Lung Cancer
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Background: The demand for minimally invasive therapies is increasing in the treatment of smalt peripheral non-smatl cell lung
cancer (NSCLC).

Patients and Methods: Twelve patients with T1-2NOMO peripheral NSCLC were treated by high-dose-rate brachytherapy with
1921y radioactive source.

Results: A ¥2Ir source was introduced into the tumoars percutaneously in five patients {percutaneous brachytherapy) or trans-
bronchially in seven patients (transbronchiat brachytherapy). Whereas irradiation was performed with a single fraction of 20 Gy in
percutaneous brachytherapy, it was hypofractionated from 5 x 5 Gy to 2 % 12.5 Gy in transbronchial brachytherapy. Complications
were generally mild in all patients, although focal radiation pneumonitis was observed in most patients. Primary recurrence oc-
curred in three patients, including one with a T2 tumor and one treated by brachytherapy as a salvage treatment for recurrence
after conformal radiotherapy. When brachytherapy is evaluated as a primary treatment for T1 NOMO NSCLC, local control rate is
88.9% and estimated 5-year survival rate is between 60% and 70%.

Conclusion: Brachytherapy has a potential to be a method to treat peripheral T1NO MO NSCLC.

Key Words: Lung cancer - Brachytherapy - TINO MO - Peripheral - Transbronchial - Percutaneous
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High-Dose-Rate-Brachytherapie bel kleinem peripheren Bronchialkarzinom

Hintergrund: Das Erfordernis minimalinvasiver Eingriffe in der Behandlung kleiner, peripherer, nichtkleinzelliger Bronchialkar-
zinome (NSCLC) nimmt zu.

Patienten und Methodik: Zwolf Patienten mit peripherem NSCLC der Stadien T1-2 NO MO erhielten eine High-Dose-Rate-Brachy-
therapie mit radioaktiver 1*2Ir-Quelle.

Ergebnisse: Die '*?Ir-Quelle wurde bei fiinf Patienten iiber einen perkutanen Zugang (perkutane Brachytherapie) und bei sieben
Patienten Uber einen bronchiaten Zugang (transbronchiate Brachytherapie) eingefithrt. Bei der perkutaner Brachytherapie wurde
die Bestrahlung mit einer Einzeitdosis von 20 Gy durchgefiihrt, bei der transbronchialen Brachytherapie hypofraktioniert mit 5 x
5 Gy bis 2 x 12,5 Gy. Komplikationen waren im Allgemeinen geringgradig ausgeprigt, allerdings wurde bei den meisten Patienten
eine fokale Strahlenpneumopathie beobachtet. Bei drei Patienten trat ein Lokalrezidiv auf (zwei Patienten mit T2-Tumor und ein
Patient mit Brachytherapie als Salvage-Behandlung wegen eines Rezidivs nach konventioneller Strahlentherapie). Fiir die Brachy-
therapie in der Primérbehandiung von NSCLC des Stadiums.T1NO MO betrégt die lokale Kontrollrate 88,9%, und die geschétzte
5-Jahre-{berlebensrate tiegt bei 60-70%.

Schlussfolgerung: Die Brachytherapie ist eine effektive Behandlungsmethode bei peripherem NSCLC des Stadiums T1NO MO.

Schliisselwérter: Bronchialkarzinom - Brachytherapie - TINOMO - Peripher - Transbronchial - Perkutan
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_ Introduction
Although surgical resection is a standard treatment for stage I
non-small cell lung cancer (NSCLC), the aging of population
requires minimally invasive therapies in its treatment. Con-
ventional external radiation of 55-75 Gy is an alternative in
this setting, but it associates with an unacceptably low 5-year
survival rate, around 20% [1-3, 6, 10].

Brachytherapy is a radiation therapy using a small radio-
active source to treat various cancers, and has the potential
advantage of providing the tumor-bearing area with a higher
radiation dose relative to doses received by the surrounding
normal tissues. We have already reported a patient with pe-
ripheral T1NOMO pulmonary adenocarcinoma who was suc-
cessfully treated by CT-guided single-fraction interstitial
brachytherapy alone [5]. After confirming the safety and ef-
ficacy of brachytherapy in the peripheral lung through the
observation of this patient over 5 years, we have built on our
experiences of brachytherapy for peripheral NSCLC.

Patient and Methods
From April 1996, twelve patients with peripheral T1-2 NO MO
NSCLC received CT-guided brachytherapy (Table 1). A
transbronchial approach was applied to eight patients, but
failed in one patient because of poor access to the tumor.
Five patients including this patient were treated by the per-
cutaneous method. The patients were relatively high-aged
(53-85 years old), and mostly medically inoperable due to
concomitant medical illnesses or refusal of surgical treat-
ment. Respiratory function of the patients was generally
poor. :
A Y1 source was tentatively introduced into the lesions
either percutaneously (percutaneous brachytherapy) or trans-
bronchially (transbronchial brachytherapy; Figure 1). In per-
cutaneous brachytherapy, tumors were punctured percutane-
ously with a 21-G needle under fluorography and CT guidance
in local anesthesia, and an applicator tube with an open edge
was connected to the needle. In transbronchial brachytherapy,
an applicator tube with a blind edge was directly introduced
into the tumor via bronchoscope under fluorography and CT
guidance (Figure 2).

Target volumes and reference points were defined by CT
examination before each treatment. Gross tumor volume
(GTV) was defined as the mass shadow depicted on CT im-
ages in lung window. Clinical target volume (CTV) was equal
to GTV without including regional lymph nodes, and margins
of 1 cm were added to contour planning target volume (PTV).
In transbronchial brachytherapy, a dummy wire was inserted
into the applicator before treatment, and the reference point
was determined as the furthest point in the tumor from the
dummy wire. The dwell positions were determined on chest
X-ray and CT images to treat PTV adequately; the dwell time
was calculated to deliver the prescribed dose to the reference
point without optimization. Thereafter, the real source was
pushed into the applicator by step-backward design with step
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sizes of the source length. In percutaneous brachytherapy, the
reference point was determined as the furthest point in the
tumor from the needle. Planning and treatment were per-
formed similarly.

The dose distribution was calculated by Cadplan BT
(version 1.1.15) till 2003 and later by BrachyVision (version
6.1.13). Brachytherapy was performed using a '2Ir radioac-
tive source, which was equipped with a wire of 0.635 mm di-
ameter connected to a computer-driven remote afterloader
(Varisource, Varian Medical System). The diameter and
length of a '2Ir source were 0.52 mm and 10 mm, respec-
tively, in the beginning, but later a !%Ir source of S mm length
became available. In transbrochial brachytherapy, irradia-
tion by five fractions of 5 Gy (total 25 Gy) was first adopted,
then was hypofractionated, and currently, irradiation by two
fractions of 12.5 Gy (total 25 Gy) is being done. In percuta-
neous brachytherapy, single 20-Gy fraction irradiation was
performed. To avoid pneumothorax, transbronchial brachy-
therapy was generally selected as the first-choice treatment.

Table 1. Patient characteristics. Bl: Brickman index; SCLC: small cell
lung carcinoma.

Tabelle 1. Patientencharakteristika. Bl: Brickman-Index; SCLC: kleinzel-
liges Bronchialkarzinom.

Patients (n)

Mean age 74.5 years (53-85 years)
Male/female 10/2
Stage

e TINOMO 11

® T2ZNOMO 1
Number of cancers (synchronous)

* Single 6

* Double 4 (3)
» Quartet 2(1}
Histology

¢ Adenocarcinoma 5

* Sguamous cell carcinoma 6

o SCLC 1
Tumor size, mean 25.4 mm

* <20 mm 5

® 21-30 mm 6
*>31mm 1

Smoking (BI}

Primary reason for selecting this treatment
® Impaired cardioputmonary function 6

s Inoperable 3

¢ Refusal of surgery 2

® Recurrence of tumor 1

Introduction of radioactive source

® Percutaneous 5

* Transbronchial 8 (including 1 failure®)
Pretreatment to the lesion

® None 11

* Conformal irradiation 1

400-2,400 (median 1,200)

*successfully treated by percutaneous brachytherapy

Strahlenther Onkol 2006 - No.12 © Ursan & VoGeL
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However, since the percutaneous approach is easier to ac-
cess lesions than the transbronchial one, percutaneous
brachytherapy was done for the patients who had negligible
risk of pneumothorax or were acceptable for pneumotho-
rax.

Complete (CR) and partial regression (PR) of the tumor
were defined as reduction by 100% and > 50% of maximal
tumor area lasting for at least 1 month, respectively; progres-
sive disease (PD) was defined as increment by > 25% of maxi-
ma) tumor area. Stable disease (SD) was defined as the change
that met neither CR, PR, nor PD. The evaluation of response
was planned at 1, 3, 6, and 12 months following treatment, and
every 6 months thereafter.

Results
Although moderate radiation pneumonitis appeared in one
patient who had undergone conformal radiotherapy for the
same tumor previously and mild pneumothorax was observed
in one patient who received percutaneous brachytherapy,
brachytherapy was safe and radiation pneumonitis was gener-
ally mild. We have airecady reported that our first percutane-
ous single-fraction brachytherapy for peripheral T1NOMO
NSCLC resulted in no appreciable short-term complications
{5]. Follow-up of this case showed that the tumor and sur-
rounding normal lung irradiated formed a nodule that re-
mained similar-sized for approximately 7.5 years (Figure 3).
The lung parenchyma surrounding the nodule seems to shrink,

but no appreciable radiation pneumonitis has been observed

during the entire observation period. The nodule is possibly
focal radiation fibrosis, although pathologic examination was
not performed.

The therapeutic parameters were shown in Table 2. The
radiation time period was 518 + 399 s, ranging between 123

Figure 2a ~ Abbildung 2a

Needle (21G)

Lung cancer

Figures 1a and 1b. Schema of percutaneous and transbronchial brachy-
therapy. The radioactive iridium source is intraduced via needle into
the tumor (a), or it reaches the tumor through an applicator tube via
bronchoscope (b).

Abbildungen 1a und 1b. Schematische Darstellung der perkutanen und
der transbronchialen Brachytherapie. Die radioaktive Iridium-Quelle
wird mit Hilfe einer Nadel in den Tumor eingefiihrt (a) oder erreicht
ihn Gber einen bronchoskopisch eingefiithrten Applikator (b).

and 1,559 s, depending on several factors including tumor size,
location of an applicator in the tumor, and activity of radio-
active source. V, had a tendency to be smaller in percutane-
ous (20 + 15 ml}) than in transbronchial (49 + 37 ml) brachy-
therapy.

Three (25%), four (33.3%), and five patients (41.7%)
showed CR, PR, and SD, respectively, resulting in a response
rate of 58.3%. So far, three patients have experienced dis-

Figure 2b ~ Abbildung 2b

Figures 2a and 2b. Transbronchial brachytherapy. TINO MO pulmonary adenocarcinoma is present in right 54 (a). An applicator tube is introduced

into the tumor via bronchoscope (b).

Abbildungen 2a und 2b. Transbronchiale Brachytherapie. Es liegt ein TINO MO-Adenokarzinom der Lunge rechts in S4 vor (a). Der Applikator wird

bronchoskopisch in den Tumor gebracht (b).

Strahlenther Onkol 2006 - No.12 ® Ursan & VOGEL
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Figure 3d - Abbildung 3d

Figure 3e - Abbildung 3e

Figure 3¢ — Abbildung 3¢

Figures 3a to 3e. Clinical course
of the lesion treated by percuta-
neous brachytherapy. A nodule
in the left middle lobe was ir-
radiated by brachytherapy (a). 3
months {b) and 9 months {c) after
the treatment, the nodule stayed
in similar size, whereas the sur-
rounding pulmonary parenchy-
ma showed a tendency to shrink.
During 7.5-year observation (d, e),
the nodule has remained almost
stable in size.

Abbildungen 3a bis 3e. Klinischer
Verlauf nach perkutaner Brachy-

therapie eines Karzinoms. Ein Knoten im linken Mittellappen wurde brachytherapeutisch bestrahlt (a). Drei {b) und neun {c) Monate nach der
Behandlung war die GréRe des Knotens kaum verandert, wahrend das umgebende tungenparenchym eine Tendenz zum Schrumpfen zeigte.
wihrend der Nachbeobachtungszeit von 7,5 Jahren (d, e) blieb die Grofie des Karzinoms fast stabil.

ease recurrence, which occurred at 32 months, 12 months, and
13 months after the treatment, respectively. When brachy-

Table 2. Parameters in brachytherapy. SD: standard deviation; V.

100°
volume irradiated at the dose over that at the reference point.

Tabelle 2. Parameter der Brachytherapie. SD: Standardabweichung;
Vi0o: Volumen, das mit einer hdheren als der Referenzpunkt-Dosis be-
strahlt wird.

Fractionation
Transbronchial

* 5 Gy x 5 fractions 1

® 4 Gy x 2 fractions + 5 Gy x 2 fractions 1

* 7 Gy x 3 fractions 3

» 12.5 Gy x 2 fractions 2

Percutaneous

*» 20 Gy = 1 fraction 5

Irradiation time per fraction Mean + SD Range
Transbronchiat 500 £ 491 s

Percutaneous 542+ 2765

Overall 518+ 399s 123-1,559 s
Vieo' Mean £ SD Range
Transbronchial 49 + 37 ml

Percutaneous 2015 ml

Overall 3733 ml 5-102 mi

*mean + SD in each approach
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therapy was evaluated as an initial treatment for TINOMO
NSCLC, local relapse occurred in one patient. Projected
S-year survival rate of all cases is about 50% and that of
the patients in TINOMO between 60% and 70% (Fig-
ure 4).

Discussion
This study showed that brachytherapy was safe and effective
in the treatment of peripheral small NSCLC. One patient
experienced minimal pneumothorax due to percutaneous
puncture, but no treatment was necessary. Radiation pneu-
monitis was mild and focal, reflecting limited distribution of
radiation dose in brachytherapy. Whereas brachytherapy
for central airway tumors is reported to sometimes induce
necrotizing bronchitis and severe hemoptysis, no hemopty-
sis was observed in our study. Percutaneous brachytherapy
has an advantage in that a ®2[r needle can be introduced
almost in the center of tumors. In transbronchial brachyther-
apy, a 1%2Ir needle is in the bronchial tree, and therefore, it
is difficult to put the radioactive source in the center of
tumor.

Primary recurrence was observed in three patients. In
one of them, brachytherapy was performed as a salvage treat-
ment for recurrence after conformal radiotherapy and in an-

Strahlenther Onkol 2006 - No.12 © UrsaN & VOGEL
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Figure 4. Kaplan-Meier analysis of overall survival of the patients
treated by brachytherapy alone. A dotted line is a survival curve of the
patients with TINOMO lung cancer. Projected 5-year survival rates are
around 50% in all patients and between 60% and 70% in the patients
with TING MO tumor, respectively.

Abbildung 4. Kaplan-Meier-Analyse des Gesamtiiberlebens der aus-
schlieBlich brachytherapeutisch versorgten Patienten. Die gestrichelte
Linie ist die Uberlebenskurve der Patfenten mit TINOMO-Lungenkrebs.
Die prospektiven 5-jahres-Uberlebensraten liegen fiir alle Patienten
bei rund 50%, und zwischen 60% und 70% bei Patienten mit T NO MO-
Karzinom.

other with T2 tumor. In the latter systemic recurrence was
also observed. The local control rate for primary T1 NOMO

NSCLC by brachytherapy is 90% (9/10), and no systemic re-

currence has occurred.

Recently, stereotactic (SRT) or conformal radiotherapy
(CRT) is widely used for inoperable TINOMO NSCLC, and
radiofrequency ablation is also applied. The comparison of
brachytherapy with these methods is necessary. Although
brachytherapy for centrally located NSCLC is studied exten-
‘sively {7], reports on its application to peripheral NSCLC are
still limited [4, 9, 12, 14]. Recently, image-guided brachythera-
py is being developed for the tumors in several organs [4, 8, 11,
13]. Considering the multifocal nature of NSCLC sometimes
seen in certain patients, overlap of radiation beams will be-
come aserious problem in CRT and SRT. Because of the steep
gradient of radiation doses, brachytherapy is especially useful
in the treatment of patients with poor respiratory reserve or
multiple early lung cancer.
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* Chemoradiotherapy for stage INSCLC.
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9:94 Bk EE B9% S28
FR2 MEHRLEREIOZRHAMRABHBOBESILER
Author HOE n MST SEEFE LA EEFE pvalue

Furuse® CDDP+VDS+MMC 158 13.3m 27.4% 8.9% $»=0.039
Sequential TRT (5 %)
CDDP+VDS+MMC 156 16.5m 34.6% 15.8%
Concurrent TRT (5 %)

Curran? CDDP+VBL 14.6m 32% 12% -
Sequential TRT
CDDP+VBL 610 17.0m 35% 21% p=0.046
Concurrent TRT (total)
CDDP+ETOP 15.2m 34% 17% $p=0.296
Concurrent TRT
(twice daily)

Fournel® CDDP+VNR 101 14.5m 26% 14%
Sequential TRT

$»=0.24

CDDP+ETOP 100 16.3m 39% 21%
Concurrent TRT
f/b CDDP+VNR

Zatloukal'®? CDDP+VNR 50 12.9m 14.3% 9.5%
S tial TRT - 3

equenti . (3 48) $=0.023

CDDP+VNR 52 16.6m 34.2% 18.6%
Concurrent TRT ‘ (3 4)

CDDP ! cisplatin, VDS : vindesine, MMC : mytomycin, VBL : vinblastine, ETOP : etoposide, VNR :

vinorelbine, TRT : thoracic radiotherapy
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5 days/week,
Continuous (HART)

9:96 HREH %% £25
F3 UIBRTEEDIE/NMABAE Y A (L T I IAHEARED 1 B 1 @R 1 BRERH O #HRE
Author (&3 3. 2 BAHREE n I\(/Ig)l‘ 2 %%64)?'@ s ﬁ%‘?z pvalues
Sause® None 2 Gy/day, 60Gy, 163 11.4 21 5 -
5 days/week,
Continuous
CDDP+VBLX2 2 Gy/day, 60Gy, 164 13.2 32 8 $p=0.04
induction 5 days/week,
Continuous
None 1.2GyX2/day, 69.6 163 12.0 24 6 NR
Gy, 5 days/week,
Continuous (HFRT)
Schild!® CDDP+ETOPX2 2 Gy/day, 60Gy, 117 14 37 13
’ concurrent 5 days/week, '
Continuous
=04
CDDP+ETOPX2 1.5GyX 2/day, 60 117 15 40 20
concurrent Gy, 5 days/week,
split (AHFRT)
Saunders’® None 2 Gy/day, 60Gy, 225 NR 20 NR
5 days/week,
Continuous
»=0.004
None 1.5Gy X 3/day, 54 338 NR 29 NR
Gy, 7 days/week,
Continuous (CHART)
Belanil® CBDCA+PTXX2 2 Gy/day, 64Gy, 56 14.9 34 NR
induction 5 days/week, ’
Continuous
. $=0.28
CBDCA+PTXX2 1.5-1.8-1.5Gy/day, 56 20.3 44 NR
induction 57.6Gy, '

NR : not reported, CDDP ! cisplatin, VBL . vinblastine, ETOP : etoposide, CBDCA : carboplatin, PTX :
paclitaxel, HFRT : hyperfractionated radiotherapy, AHFRT : accelerated hyperfractionated radiotherapy,
CHART : continuous hyperfractionated accelerated radiotherapy, HART : hyperfractionated accelerated radia-

tion therapy

WKENETRRETRIERZ RRFR LGSO
BARIEBEIN TRV,

EHEBRBED X< 12—
JENHBRERT AT AN X A ISR IEEZ, HEB
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H5ZL%2BEL LTS, RTOGTHE, 112Gy
1 B2 RIMITL, &§769.6GyEBETIC X ZHFRT®
SOMREBRELERLAL, TORMEEHVT
b, RO 1B 1HRBKY LEAHEEZHELZ
i3 o7z, Schildb i, {LEHEE L FEEh
H L7:accelerated hyperfractionated radiotherapy
(AHFRT . 1 [B11.5Gy, 1 B 2 @, &60Gy) & stan-
dard radiotherapy(STDRT : 1 H 2 Gy, 1 H 1
H, §160Gy) & LB LERERE L TV5DS,

AHFRT & STDRTOFME, EEMR/IDR, £FIX
ZIZESE TH o721, JCOGD 6 DDEFRRERD
7'— % H SAHFRT & STDRT D4R * retrospective



