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In the 5’ flanking region, all four detected SNPs (-
609C>T, -477T>G, -266C>A, -243G>A) were newly
found at relatively high allele frequencies (0.006-0.05).
However, these SNPs were not located near the proposed
cis-regulatory promoter elements (Shestopal et al. 2000).
The remaining 21 novel variations were found in intronic
regions. Of these SNPs, IVS5-115G>A, IVS12-11G>A,
and IVS14-123C>A were detected with allele frequencies
of 0.021, 0.038, and 0.155, respectively, but others were
rare (<0.01). They were not located in the exon-intron
splicing junctions or branch sites.

Seventeen variations were already reported. The ID
numbers in the dbSNP databases or references for these
SNPs are described in Table 2. The well-known nonsyn-
onymous SNPs, 1627A>G (*5, lle543Val), 2194G>A (*6,
Val732lle), 85T>C (*9, Cys29Arg), and 1003G>T (*11,
Val335Leu), were found in this study at allele frequencies
of 0.283, 0.015, 0.029, and 0.0015, respectively. The allele
frequencies of two reported SNPs, 496A>G (Met166Val)
and 2303C>A (Thr768Lys), were 0.022 and 0.028,
respectively. Recently, 1774C>T (Arg592Trp) was repor-
ted from a Korean population (Cho et al. 2007), and its
allele frequency was 0.0015 in this study. Nine intronic
variations, IVS10-15T>C, IVSI13 + 39C>T, IVS13 + 40
G>A, IVS15 + 75A>G, IVS16-94G>T, IVS18-39G>A,
IVS21 + 136G>C, IVS22-58G>C, and IVS22-69G>A,
and one synonymous variation, 1896T>C (Phe632Phe),
were found with various allele frequencies (0.003-0.378,
Table 2). The variations previously detected in Japanese
(Kouwaki et al. 1998; Yamaguchi et al. 2001; Ogura et al.
2005), 62G>A (Arg21Gln, *12), 74G>A (His25Arg),
812delT (Leu271X), 1097G>C (Gly366Ala), 1156G>T
(Glu386X, *12), and 1714C>G (Leu572Val), were not
found in our study. This might be due to their low
frequencies.

Linkage disequilibrium (LD) analysis and haplotype
block partition

LD analysis was performed by r* and ID'} using 18 SNPs
(allele frequency >0.01) (Fig. 2). Strong linkages were
observed in four pairs of SNPs: between -477T>G and
85T>C (Cys29Arg) (r* =0.7025), between 496A>G
(Met166Val) and IVS10-15T>C (r* = 0.7964), between
1627A>G (Ile543Val) and IVS13 + 39C>T (#* = 1.0), and
between IVS14-123C>A and IVS15 + 75A>G (+* = 1.0).
In addition, two known rare SNPs, IVS22-69G>A
(rs290855) and IVS22-58G>C (rs17116357), were per-
fectly linked ? =1.0) (data not shown). As for D'l
values, only 43 pairs (28%) out of 153 pairs gave ID'l =
1.0, indicating that a number of recombinations had
occurred within this gene. This is not surprising because

DPYD is a huge gene of at least 950 kb in length with 3 kb
of coding sequences. However, it was difficult to estimate
past recombination events in DPYD from our data alone
because our variations were mostly limited to exons and
surrounding introns.

To define haplotype blocks, we utilized the HapMap
data because SNPs were comprehensively genotyped with
an average density of 1 SNP per 1.8 kb. Of 1,002 variations
of DPYD genotyped by the HapMap project, 474 SNPs
were polymorphic for 44 unrelated Japanese subjects.
When the LD profiles for Japanese were obtained by
Marker using the HapMap data, strong LD (ID’l > 0.75)
clearly decays within introns 11, 12, 13, 14, 16, 18, and 20
(data not shown), suggesting that recombination had
occurred in these regions. Based on these findings, the
SNPs detected in our study were divided into six haplotype
blocks (Figs. 1, 2). Block 1, the largest block, ranges from
the 5’-untranslated region (5'-UTR) to intron 10 (347 kb),
and includes 22 variations. Block 2 includes eight varia-
tions from IVS12-11G>A in intron 12 to IVS13 + 40G>A
in intron 13. Block 3 includes six variations from IVS13-
47_48insTA in intron 13 to IVS14 + 100T>G in intron 14.
Block 4 contains only three SNPs, IVS14-123C>A, IVS14-
21C>A and IVS15 + 75A>G, and ranges from intron 14 to
intron 15. Block 5 consists of IVS16-94G>T and four rare
variations from intron 16 to exon 18. Although the Hap-
Map data showed a decline in LD in intron 20, we defined a
block ranging from intron 18 to intron 22 as block 6
because only rare variations (allele frequencies <0.01)
were detected downstream of intron 20 (exon 21, intron 21,
and intron 22). The block partitioning based on the Hap-
Map data fitted our SNPs well: more than 70% of SNP
pairs in each block (block 1-6) gave pair-wise ID’l values
greater than 0.8 (Fig. 2).

Haplotype estimation

Using 22, 8, 6, 3, 5, and 11 variations in blocks 1 to 6, 23
(block 1), 8 (block 2), 7 (block 3), 3 (block 4), 6 (block 5),
and 11 (block 6) haplotypes were identified or inferred
(Fig. 3). Probabilities of diplotype configurations in all six
blocks were 100% for over 97% of the subjects. To dis-
criminate our block haplotypes from the previously
assigned alleles or haplotypes (DPYD*] to *13), the mark,
# was used to indicate block haplotypes.

In block 1, the most dominant haplotype without any
variation was *Ja (0.818 in frequency), followed by *1b
(0.045), *9¢ (0.022), and *1¢ (0.021). As suggested by LD
(Fig. 2), *9c, the major subtype of the *9 group bearing
85T>C (Cys29Arg), also harbored -477T>G in the 5'-UTR.
Known nonsynonymous SNP, 496A>G (Met166Val), was
assigned to three haplotypes, *9d, *166Va, and *166Vb.
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Fig. 1 Twenty-one variations detected in the coding exons are
depicted in the schematic diagram of the DPYD gene. Fourteen novel
variations are enclosed by squares. The recombination spots were
estimated based on the LD profiles obtained from Japanese data in the

In block 2, four haplotypes, *la 0.529), #54 (0.245), *1b
(0.176), and #5p (0.038), were major in Japanese and
accounted for 99% of all inferred haplotypes. Two sub-
types of the *5 group, #5a and *5b, both of which harbored

I1e543Val (*5) and IVS13 + 39C>T, were distinguished by
a novel intronic SNP, IVS12-11G>A.

As for block 3, in addition to */a (0.848), *1b harboring
the synonymous SNP, 1896T>C (Phe632Phe), was found
at a relatively high frequency (0.138).

Block 4 is simple and comprises only three haplotypes,
*1a (0.845), *1b (0.154) and *Ic (0.0015). The second
frequent haplotype, *1b, harbored perfectly linked SNPs,
TVS14-123C>A and IVS15 + 75A>G.

Block 5 contained IVS16-94G>T, the most frequent
SNP among the 55 SNPs found in this study, which was
assigned to *1b with a frequency of 0.374. This block also
contained the known nonsynonymous SNP, 2194G>A
(Val732Ile, *6), which was assigned to *6a (0.015).

In block 6, the most dominant haplotype was *1a (0.915).
It was followed by *1b (0.032) with IVS18-39G>A and
#768K (0.028) with 2303C>A (Thr768Lys).

The HapMap data include nine SNPs that we detected
(Table 2). Of them, six, 85T>C (rs1801265), 496A>G
(rs2297595), 1627A>G (rs1801159), 1896T>C
(rs17376848), IVS16-94G>T (1s7556439) and IVS18-
39G>A (rs12137711), were suitable for haplotype tagging
SNPs (htSNPs) to capture the block haplotypes, block 1 #9,
block 1 *166V, block 2 *5, block 3 *1b, block 5 *1b, and
block 6 *1b, respectively. IVS21 + 136G>C (rs11165777)
and IVS22-69G>A (rs290855)/1VS22-58G>C (rs1711
6357), were the marker SNPs for block 6 *Ie and *If,
respectively, but very rare (allele frequencies = 0.003) in
Japanese. The six SNPs, especially 85T>C (rs1801265)
and 496A>G (rs2297595), were in strong LD (* > 0.8)
with other HapMap SNPs in Japanese (Table 3), indicating
that many HapMap SNPs were concurrently linked on the
same haplotypes..

@ Springer

HapMap project and indicated by arrows. The borders (between
introns 8 and 18 of the DPYD) and core region (between introns 12
and 16) of FRAIE identified by Hormozian et al. (2007) are indicated
as an open and closed box, respectively

Next, the combinations of block haplotypes (inter-block
haplotypes) were analyzed focusing on the haplotypes with
frequencies of >0.01 in each block (Fig. 4). Between
blocks 1 and 2, both *1a and *Ib in block 1 were com-
plicatedly associated with various haplotypes in block 2. It
should be noted that *9¢ in block 1 was linked either with
block 2 *1b (0.016 in absolute frequency) or with block 2
*5a (0.006, not shown in Fig. 4). *1c in block 1 was
completely linked with block 2 #1a. *151D in block 1 (not
shown in Fig. 4), which was a rare haplotype (0.009)
harboring 451A>G (Asnl151Asp), was completely linked
with *5a in block 2.

Between blocks 2 and 3, both *5b and *Ib in block 2
were mostly linked with *#]a in block 3, whereas both ¥1a
and *5a in block 2 were complicatedly linked with *1a,*1b,
or other rare haplotypes such as *I¢ (not shown in Fig. 4)
in block 3. Between blocks 3 and 4 and between blocks 4
and 5, no strong associations of block haplotypes were
observed except for the linkage of block 5 *6a to block 4.
#]a. Between blocks 5 and 6, most of ¥7b and all-of *6a in
block 5 were linked with *Ja in block 6. Although */a in
block 6 was associated with various haplotypes in block 5,
#1b in block 6 was completely linked with *1a in block 5.

Among the six blocks, the following combinations were
major: *1a (block 1)-*1a (block 2) —*1a (block 3)-*la
(block 4)-"1a (block 5)-"1a (block 6) (0.239 in frequency),
*1a-*50-"1a-"*1a-"1b-*1a 0.081), *la-*lat1a-"]a
“*1b-*1a (0.075), *la-*5a-*1a-*1a-*1a-*1a (0.070),
*1a-*1b-"1a-"1a-*1a*1a  (0.060) and *la-*la-
*1b-"*1a-*1a-*1a (0.051).

Ethnic differences in distributions of DPYD SNPs
and haplotypes

We compared SNP and haplotype distributions in Japanese
with those in other ethnic groups reported in the literature
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Fig. 2 Linkage disequilibrium r
(LD) analysis of DPYD. -609C>T []
Pairwise LD between 18 ;Z’(l;(: I -
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or HapMap project. Notably, IVS14 + 1G>A (*2),
1897delC (Pro633GInfsX5, *3), 1601G>A (Ser534Asn,
*4), 295_298delTCAT (Phel00SerfsX15, *7), 703C>T
(Arg235Trp, *8), 2983G>T (Val995Phe, *10), 62G>A
(Arg21GIn, *12),. 1156G>T (Glu386X, *I12), and
1679T>G (I1e560Ser, *13) were not found in this study.
Furthermore, several SNPs showed marked differences in
allele frequencies among Japanese and other ethnic groups
(Table 4).

The allele frequency of 85T>C (Cys29Arg, *9), the
tagging SNP for block 1 *9, was quite different between
Asians and Caucasians. Its allele frequency in Japanese
(0.029 in this study) and Taiwanese (0.022) (Hsiao et al.
2004) was much lower than that in Caucasians (0.185-—
0.194) (Seck et al. 2005; Morel et al. 2006).

The SNP 496A>G (Metl66Val) in block 1 is found at a
lower allele frequency in Japanese (0.022) than in Cauca-
sians (0.080) (Seck et al. 2005). Seck et al. (2005) inferred
two haplotypes harboring 496A>G (Met166Val) from 157
Caucasians: hap5 (*9d in this study) harboring additional
85T>C (Cys29Arg) and IVS10-15T>C and hapl] con-
currently harboring IVS10-15T>C alone with frequencies
of 0.040 and 0.014, respectively. In our haplotype analysis,
#166Va (0.012) corresponding to hapll (0.014) was found
with a similar frequency in Japanese, whereas the fre-
quency of *9d (0.006) was much lower than that of the
corresponding haplotype, hap5 (0.040) in Caucasians.

1627A>G (I1e543Val, *5) in block 2 was found with
comparable allele frequencies among Japanese (0.283 in
this study), Caucasians (0.14-0.275) (Seck et al. 2005;

1896T>C (Phe632Phe) | D:] [TIE

Yt PISY f85K5 2 3% 52353
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Ridge et al. 1998a), African-Americans (0.227) (Wei et al.
1998), and Taiwanese (0.210-0.283) (Wei et al. 1998;
Hsiao et al. 2004).

The allele frequency (0.015) of 2194G>A (Val732lle,
*6) in block 5 in our Japanese population is slightly lower
than that previously reported in Caucasians (0.022-0.058)
(Seck et al. 2005; Ridge et al. 19984) and Finish (0.067)
(Wei et al. 1998), but is comparable to that in Taiwanese
(0.012-0.014) (Wei et al. 1998; Hsiao et al. 2004) and
African-Americans (0.019) (Wei et al. 1998).

Ethnic differences in the allele frequencies were also
observed with synonymous and intronic variations
(Table 4). The allele frequency of 1896T>C (Phe632Phe),
which tags block 3 *1b, was higher in Japanese (0.139 in
this study) than in Caucasians (0.035) (Seck et al. 2005).
Hap13 assigned in 157 Caucasians by Seck et al. (2003) is
the counterpart of block 3 *1b, and its frequency (0.012)
was much lower than that in Japanese (0.138).

In contrast, IVS10-15T>C linked to 85T>C (*9) or
496A>G (*166V) within block 1 showed a lower allele
frequency in Japanese (0.018) than in Caucasians (0.127).
Seck et al. (2005) assigned hap7 as the haplotype con-
taining IVS10-15T>C alone with a haplotype frequency of
0.03 in Caucasians. In Japanese, however, the corre-
sponding haplotype was not found.

Allele frequencies of IVS18-39G>A and IVS22-
69G>A, which are tagging SNPs for block 6 *Ib and *1f,
respectively, are lower in Japanese (0.032 and 0.003,
respectively) than in Caucasians (0.105 and 0.183,
respectively).

@ Springer

—222—



814 J Hum Genet (2007) 52:804-819

a) Block 1 et T
Nadewtide duasge | 40 T|077156] 206054 [ 213654 | 0o [ 1T l"'f:cﬁ ";‘;‘;M 535754 | 51056 | areroc | 55 [ maane | wseot [ 1asnor ""’_:.'l,"'f L e e s v ] R
< Yoy { Moo { Ay MV L L pisy 2EX VIUL N
Is ) s
D n a3
Je H 20
14 Rk | n [Tl ]
Ie 6 ancss
., L . woess
1 i’. 3 00044
v 2 002y
Pri 2 .00y
I 3 2 40019
i 73 = 1 40815
3 i1 1 40015
K e 2 g 7]
Sl ey P T £ 1 asesy
2 ¥ Z 1 9.00t5
7 1a 14 - 1 05918
Y 166Vs, 3 = T (7]
Loddl 27755 S16V; 3 w0
‘151D Y IS1D 2318 O [2
. N
Feree e = e
7245k _F 265K T 0 015}
{1 "2u5p £ ko 2asE 0 0815
b) Block2
N IVS12- TvS12- IVS13+39 | IVS13+40
Nucleotide change 11G>A 9A>G 1543G>A { 1572T>G | 1627A>G | 1666A>C C>T GoA Number | Frequency
Amino acid change V5151 F524L 1543V S556R
‘la 361 0.529
‘1 ‘1b 120 0.176
g "1e 5 0.0073
| v ‘5a 167 0.245
g ‘b 26 0.038
= | 2sast | *s1s1 1 0.0015
“524L | *s24L 1 0.0015
*556R_| *356R’ R 1 0.0015
¢)  Block3
. IVS13- IVS14+19 | TVS14+100
Nucleotide change 47_48insTA 1752A>G 1774C>T 1896T>C CoA T>G Number | Frequency
Amino acid change T584T R592W F632F
‘la 578 0.848
. “1b i 94 0.138
g ” *1c 6 0.0088
2 ‘1d 1 0.0015
= “Ie 1 0.0015
’ II 1 0.0015
"592w | ‘592w 1 0.0015
d) Block4
Nucleotide change 1VS14- IVS14- TVS15+75
8 123C>A 21C>A A>G Number | Frequency
Amino acid change
z | ‘la 576 0.845
a8 ‘1 ‘1p 105 0.154
= V1t 1 0.0015
e)  Block 5
N TVS16- 1VS16-  |IVS17434dcl[IVS17+47C5]
Nucleotide change 127A5G 94G>T T T 2194G>A Number Frequency
Amino acid change V7321
‘la a4 0.607
2 "1y 258 0374
I 1Y 1 0.0015
) 1 0.0015
= 1 0.0015
‘s 10 0.015
f) Black 6
- 1VS18- TVS21+80 | IVS21+113 | 1VS21+136 | IVS21+4162 | 1VS22+129 | 1VS22-69 | 1VS22-58
Nucleotide change 3904 | P0IC>A | 2424T>C | 2678456 P oA Pl Tt A oA o Number | Frequency
[ Amino acid change T768K SRORS N8&93S
‘Is 624 0.915
2 0.032
% s 0.0073
. | 2 0.0029
a1 1 2 0.0029
k] = 2 0.0029
2 2 0.0029
R 1 0.0015
. 1 0.0015
‘768K 19 0.028
‘8938 VRIS | 2 0.0029

Fig. 3 Block haplotypes in DPYD of block 1 (a), block 2 (b), block 3 nearest exon. White cell wild-type, gray cell nucleotide alteration.
(c), block 4 (d), block 5 (e), and block 6 (f) in a Japanese population. $The haplotypes were inferred in only one patient and ambiguous
The nucleotide positions were numbered based on the cDNA except for marker SNPs

sequence (A of the translational start codon is +1) or from the
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Table 3 Linkages of haplotype-tagging SNPs with HapMap SNPs for- DPYD

Haplotype-tagging SNPs dbSNP ID (NCBI)  Block haplotype

HapMap SNPs with close linkages (# > 0.8)"

in DPYD in this paper
85T>C (Cys29Arg) 151801265 Block 1 %9
496A>G (Metl66Val) 152297595 Block 1 *166V
1627A>G (le543Val) rs1801159 Block 2 5
1896T>C (Phe632Phe) rs7556439 Block 3 *1b
IVS16-94G>T rs7556439 Block 5 *Ib
IVS18-39G>A rs12137711 Block 6 *1b

1510747488, 1s7526108, rs4421623, rs4379706,
1s4523551,rs11165921, rs9661794, 156677116, rs6604093,
1517379561, 1510747491, rs10747492, rs12062845, 157524038,
rs10875112, rs4394693, rs10875113, rs4970722, rs9727548,
rs10875118, 159662719, rs12077442, rs4394694, rs9727976,
rs4246515, rs6692580

rs2786543, rs2811215, rs2811214, rs2786544, rs2248658,
rs11165897, rs2786490, rs2811203, rs2811202, rs2811200,
rs2811198, rs2786503, rs2811196, rs2786505, rs2811195,
rs2811194, rs12073839, rs6663670, rs7512910, rs2151563,
rs2786509, 1s3790387, rs3790389

rs1415682, 15952501, rs2811187, rs2786778, rs2786774, rs2811183,
rs17116806, rs2786780, rs1801159, rs2786771, rs2297780,
152297779, 1512729863

rs12073650

rs693680, rs827500, rs499009, rs7518848, rs553388, rs507170,
rs628959, rs991544, 1526645, rs1609519

rs12120068, rs12116905

2 All SNPs are in the same block

Taken together, our data demonstrated considerable
differences in the haplotype distributions in blocks 1, 3 and
6 between Japanese and Caucasians.

Discussion

This study provides Japanese data on the genetic variations
of DPYD, a gene encoding a key enzyme catalyzing deg-
radation of the well-known anticancer drug 5-FU. Nine
novel (Alal0OGlu, Tyr109Asn, Asnl51Asp, Ile245Phe,
Glu265Lys, Val5151le, Phe524Leu, SerS556Arg, and
Asn893Ser) and seven known nonsynonymous variations
(Cys29Arg,  Metl66Val, Val335Leu,  Ile543Val,
Arg592Trp, Val732lle, and Thr768Lys) were found in our
Japanese population (Table 2 and Fig. 1). The association
analysis between the genotypes and 5-FU pharmacody-
namics is now on-going.

Uneven distributions of coding SNPs over 23 DPYD
exons were pointed out in the previous review by van
Kuilenburg (2004). The author indicated that 81% of all
reported variations were confined to exons 2-14, repre-
senting 61% of the coding sequences, and typical hotspots
of variation were localized in exons 2, 6, and 13. Our
Japanese data also revealed that 17 out of 21 coding vari-
ations (81%) were localized in exons 1-14, and that more
than three variations were detected in exons 5, 13, and 14
(Fig. 1). Recently, Hormozian et al. (2007) have reported
that the common chromosomal fragile site on 1p21.2,
FRAIE, spans 370 kb of genomic sequence between

introns 8 and 18 of DPYD, and that its core region with the
highest fragility is located between introns 12 and 16. The
instability at the core of FRAIE might be associated with
the high mutational rates and recombinogenic nature from
intron 12 to 14 of DPYD (Fig. 1).

To estimate potential functional consequences of the
amino acid substitutions, we examined whether the posi-
tions of amino acid changes are located in highly conserved
areas or potentially critical regions of the molecule (for
example, substrate recognition sites or binding regions of
prosthetic groups). We also considered the locations of the
residues in a three-dimensional (3D) framework provided
by the crystal structures of pig DPD, which have recently
been determined in complexes with NADPH and substrate
(5-FU) (Dobritzsch et al. 2001) or inhibitors (Dobritzsch
et al. 2002). The amino acid sequences of pig and human
DPD are 93% identical (Mattison et al. 2002), and the
substituted residues and their neighboring residues are
conserved between both enzymes. From these points of
view, it is speculated that at least two substitutions
(Glu265Lys and Arg592Trp) might impact the structure
and function of DPD as discussed below.

Glu265 is located on the loop following to the third j
sheet (IIf3) in the FAD binding domain II (Dobritzsch
et al. 2001). Glu265 is conserved among four mammalian
species (human, mouse, rat, and pig), although it is
replaced with aspartic acid in bovine and Drosophila
melanogaster DPDs (Mattison et al. 2002). In the 3D
structure of pig DPD (Fig. 5a), Glu265.is in close prox-
imity to Lys259. The substitution, Lys259Glu, was
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Fig. 4 The combinations of Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
block haplotypes in Japanese.
Thick lines represent
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detected in the patient exhibiting severe mucositis
during cyclophosphamide/methotrexate/5-FU chemother-
apy (Gross et al. 2003). Furthermore, the adjacent Leu261
interacts via the main chain atoms with the N6, N1, and N3
atoms of adenine of FAD, and has an important role in the
proper orientation of the adenine moiety in the FAD-
binding pocket (Dobritzsch et al. 2001). Moreover, the
carboxyl group (Glu265-O¢)might form hydrogen bonds to
the main chain nitrogen of Ser260 next to Leu261. Thus,
the change in polarity from negative to positive by the
novel Glu265Lys substitution is likely to cause structural
changes affecting proper binding of FAD.

Arg592 is located at one (IVfc) of the additional four-.

stranded antiparallel 8 sheets (IVfc-ff) inserted at the top
of a typical («/B)g barrel fold in the FMN-binding domain
IV (Dobritzsch et al. 2001). Arg592 is completely con-
served among the above-mentioned six species (Mattison
et al. 2002), suggesting its functional importance. Arg592
closely contacts Met599 (2.9 A) and GIn604 (2.8 A) in the
same subunit and Ser994 (2.9 A) in another subunit
(Fig. 5B). The substitution of tryptophan for Arg592 is
likely to weaken these interactions due to altered hydro-
phobicity and electrostatic changes. Arg592Trp was
recently reported from a Korean population with an allele
frequency of 0.004, although its functional significance
remains to be confirmed(Cho et al. 2007).

As for known DPYD alleles, their distributions in sev-
eral populations are becoming more evident by recent
reports. For example, TVS14 + 1G>A (*2) (van Kuilen-
burg 2004), 295_298delTCAT (Phel00SerfsX15, *7)
(Seck et al. 2005), 1679T>G (Ile5608er, *13) (Collie-
Duguid et al. 2000; Morel et al. 2006) 2846A>T
(Asp949Val) (Seck et al. 2005; Morel et al. 2006), all of
which are associated with decreased DPD activities, are
detected in Caucasians with allele frequencies of 0.01-
0.02, 0.003, 0.001 and 0.006-0.008, respectively. How-
ever, none of them were detected in our Japanese samples,
while: 1003G>T (Val335Leu, *II) and 2303C>A
(Thr768Lys) have been found only in Japanese, indicating
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that variations with clinical relevance do not overlap
between Caucasians and Japanese.

2303C>A (Thr768Lys), which was originally found in a
Japanese female volunteer with very low DPD activity
(Ogura et al. 2005), is relatively frequent in Japanese
(allele frequency = 0.0279). Functional characterization
in vitro revealed that 768Lys caused thermal instability of
the variant protein without changing its affinity for
NADPH or kinetic parameters toward 5-FU. Therefore,
they might cause 5-FU-related toxicities in Japanese.

1003G>T (Val335Leu, *1I) was found in a Japanese
family with decreased DPD activity by Kouwaki et al.
(1998). By in vitro expression in E. coli, they demonstrated
that the variant protein with Leu335 showed a significant
loss of activity (about 17% of the wild-type protein). Do-
britzsch et al. (2001) suggested from the 3D structure of pig
DPD that Val335Leu, in spite of a conservative change,
disturbs packing interactions in the hydrophobic core
formed by IIB3 and Ila3 within the Rossman-motif,
thereby affecting NADPH binding. In our study, hetero-
zygous 1003G>T (Val335Leu) was found from a patient
administrated 5-FU (allele frequency = 0.0015), -who also
has seven other varations: IVS12-11G>A, 1896T>C
(Phe632Phe), and IVS16-94G>T are heterozygous, and
1627A>G (Ile543Val), IVS13 + 39C>T, IVS14-123C>A,
and TVS15 + 75A>G are homozygous, indicating that at
least Val335Leu is linked to Ile543Val (*5).

On the other hand, Caucasians and Japanese share four
variations: *5 (Ile543Val), *9 (Cys29Arg), Met166Val, and
*6 (Val732Ile), although their allele frequencies were dif-
ferent, especially for *9 (Table 4). Because they have not
necessarily correlated with phenotypic changes (e.g., dif-
ferences in DPD enzyme activity, S-FU pharmacokinetics
and pharmacodynamics) (Collie-Duguid et al. 2000,
Johnson et al. 2002; Zhu et al. 2004; Seck et al. 2005;
Ridge et al. 19982, 1998b; Hsiao et al. 2004), all of these
variations are generally accepted as common polymor-
phisms that result in unaltered function. Consistent with
this, van Kuilenburg et al. (2002) suggested that the
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Table 4 Allele frequencies of common DPYD SNPs in different populations

Nucleotide change Allele or tagged Population Allele frequency Number of subjects Reference
(amino acid change) haplotypes
85T>C *9 Caucasian 0.194 157 Seck et al. 2005
(Cys29Arg) (Block 1 *9) French Caucasian 0.185 487 Morel et al. 2006
Japanese 0.037 107 Yamaguchi et al. 20C1
Japanese 0.029 341 This study
Taiwanese 0.022 300 Hsiao et al. 2004
496A>G Block 1 *166V Caucasian 0.080 157 Seck et al. 2005
(Metl66Val) Japanese 0.022 341 This study
IVS10-15T>C Block 1 *166Va, *9d Caucasian 0.127 157 Seck et al. 200§
Japanese 0.018 341 This study
1627A>G *5 Caucasian 0.140 157 Seck et al. 2005
(1le543Val) (Block 2 *5) Caucasian 0.275 60 Ridge et al. 1998z
Finnish 0.072 90 Wei et al. 1998
African-American 0.227 105 Wei et al. 1998
Japanese 0.352 50 Wei et al. 1998
Japanese 0.283 341 This study
Taiwanese 0210 131 Wei et al, 1998
Taiwanese 0.283 300 Hsiao et al. 2004
1896T>C Block 3 *1b Caucasian 0.035 157 Seck et al. 2003
(Phe632Phe) Japanese 0.098 107 Yamaguchi et al. 2001
Japanese 0.139 341 This study
Han Chinese 0.133 45 HapMap
IVS15 + 75A>G Block 4 *1b Caucasian 0.166 . 157 Seck et al. 2005
Japanese 0.155 341 This study
IVS16-94G>T Block 5 *1b Caucasian 0415 59 HapMap
Yorba ND 60 HapMap
Japanese 0.455 44 HapMap
Japanese 0.378 341 This study
Han Chinese 0.333 45 HapMap
2194G>A *6 Caucasian 0.022 157 Seck et al. 2005
(Val732lle)} (Block 5 *6) Caucasian 0.058 60 Ridge et al. 199%a
Finnish 0.067 90 Wei-et al. 1998
African-American 0.019 105 Wei et al. 1998
Japanese 0.044 50 Wei et al. 998
Japanese 0.015 341 This study
Taiwanese 0.014 131 Wei et al. 1998
Taiwanese 0.012 300 Hsiao et al. 2004
IVS18-39G>A Block 6 *1b Caucasian 0.105 157 Seck et al. 2005
Caucasian 0.100 60 HapMap
Yorba 0.017 60 HapMap
Japanese 0.044 45 HapMap
Japanese 0.032 341 This study
Han Chinese 0.022 . 45 HapMap
IVS822-69G>A Block 6 "If Caucasian 0.183 60 HapMap
Yorba 0.400 60 HapMap
Japanese ND 45 HapMap
Japanese 0.003 341 This study
Han Chinese ND 45 HapMap

ND not detected

substitution Cys29Arg on the protein surface was unlikely
to alter DPD activity. HBowever, conflicting results were
reported regarding *9 (Vreken et al. 1997, van Kuilenburg
et al. 2000), *6 (van Kuilenburg et al. 2000), and
Met166Val (van Kuilenburg et al. 2000; Gross et al. 2003).
To interpret these inconsistencies, haplotype analysis of
DPYD might be helpful. Especially for *9 and Met166Val

in Japanese, functional involvement of 477T>G (block 1
*9c and *9¢), —243G>A (block 1 #9d), IVS10-15T>C
(block 1 *9d and *166Va) and many other HapMap SNPs
linked to *9 and Met166Val (Table 3) needs clarification.

The HapMap project provides genotype data of more
than 1,000 sites located mostly in the intronic regions of
DPYD for four different populations (Nigerian, Chinese,
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Fig. 5 Stereo view of the
variation sites in pig DPD
(accession code of the Protein
Data Bank: 1gth). Glu265 (a),
Arg592 (b) and their adjacent
residues are shown as ball-and -
stick models with oxygens in
red, nirogens in blue, carbons
in gray and sulfur in yellow. The
adenosine moiety of the
cofactor FAD is also shown in
pink (a)

Leu261
-

Met742
Gly593
!ys valse1

Ser%/ >
23
& Phe607

J
lle590

Japanese and Caucasians). HapMap data on 44 unrelated
Japanese subjects showed that 476 variations are poly-
morphic, whereas 529 are monomorphic, and the average
density of polymorphic markers is 1 SNP per 1,772 bp. In
contrast, our study focused on exons and surrounding in-
trons to detect variations, and only nine variations
overlapped with the HapMap data. Therefore, we could not
utilize the HapMap data to further identify common sub-
types of *1 to be discriminated by many intronic HapMap
SNPs in each block. However, most of the frequent SNPs
are unlikely to be associated with substantially decreased
DPD activity because DPD activity in the healthy Japanese
population (N = 150) showed a unimodal Gaussian distri-
bution (Ogura et al. 2005).

On the other hand, in 60 unrelated Caucasian subjects in
the HapMap project, 617 are polymorphic, whereas 383 are
monomorphic. LD profiles of these polymorphisms were
compared between Caucasians and Japanese by using the
program Marker (http://www.gmap.net/marker). Strong LD
(ID'l > 0.75) clearly decays within introns 11, 12, 13, 14,
16, 18, and 20 in Japanese, whereas, similar decays are
observed within introns 13, 14, 18, and 20, but are not
obvious within introns 11, 12, and 16 in Caucasians (data
not shown). Moreover, strong LD decays within intron 3 in
Caucasians. Therefore, the LD blocks are considerably
different between Japanese and Caucasians. Along with the
marked differences in allele frequencies of several varia-
tions (Table 4), these results suggest that the haplotype
structures in DPYD are quite different between the two
populations.

In conclusion, we found 55 variations, including 38
novel ones, in DPYD from 341 Japanese subjects. Nine
novel nonsynonymous SNPs were found, some of which
were assumed to have impact on the structure and function
of DPD. As for known variations, we obtained their accu-
rate allele frequencies in a Japanese population of a large
size and showed that variations with clinical relevance do
not overlap between Caucasians and Japanese. In Japanese,
2303C>A (Thr768Lys) and 1003G>T (Val335Leu) might
play important roles in 5-FU-related toxicity. Along with

@ Springer

differences in haplotype structures between Japanese and
Caucasians, these findings suggest that ethnic-specific tag-
ging SNPs should be considered on genotyping DPYD.
Thus, the present information would be useful for phar-
macogenelic studies for evaluating the efficacy and toxicity
of 5-FU in Japanese and probably in East Asians.
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Abdominal Sacral Resection for Posterior Pelvic Recurrence
of Rectal Carcinoma: Analyses of Prognostic Factors and
Recurrence Patterns
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Background: Local recurrence of rectal cancer presents challenging problems. Although

abdominal sacral resection (ASR) provides pain control, survival prolongation, and possibly
cure, reported morbidity and mortality are still high, and survival is still low. Thus, appro-
priate patient selection and adjuvant therapy based on prognostic factors and recurrence
patterns are necessary. The purpose of this study was to evaluate the results of ASR for
posterior pelvic recurrence of rectal carcinoma and to analyze prognostic factors and recur-
Tence patterns.

Methods: Forty-four patients underwent ASR for curative intent in 40 and palliative intent
in 4 cases. All but one could be followed up completely. Multivariate analyses of factors
influencing survival and positive surgical margins were conducted.

Results: Morbidity and mortality were 61% and 2%, respectively. Overall 5-year survival
was 34%. The Cox regression model revealed a positive resection margin (hazard ratio, 10
[95% confidence interval, 3.8-28]), a local disease—free interval of < 12 months (4.2[1.8-9.8)),
and pain radiating to the buttock or further (4.2 [1.6-11]) to be independently associated with
poor survival. The logistic regression model showed that macroscopic multiple expanding or
diffuse infiltrating growths were independently associated with a positive margin (7.5 [1.4-40]).
Of the patients with recurrence, 56% had failures confined locally or to the lung.

Conclusions: ASR is beneficial to selected patients in terms of survival. To select patients,
evaluation of the resection margin, the local disease-free interval, pain extent, and macro-
scopic growth pattern is important. To improve survival, adjuvant treatment should be aimed

at local and lung recurrences.

Key Words: Therapy—Surgery—Rectal cancer—Local recurrence—Recurrence—Prognostic

factor.

Posterior pelvic recurrence'  (PPR) of rectal car-
cinoma, which involves the sacrum and/or sacral
nerves, presents challenging clinical problems. It may
cause sacral nerve pain, perineal ulcers, fistula for-
mation, bleeding, bowel and/or urinary tract
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‘palliative.

obstruction, sepsis, and, finally, death.? These con-
ditions are difficult to treat, and chemotherapy pro-
vides only minimal benefits at present.™
Radiotherapy may give pain relief, but its effective-
ness is limited and temporary.*’~ Conventional
abdominolpﬁrlineal resection or local excision is only
0, . .

In 1981, Wanebo and Marcove'' reported the
advantage of the abdominal sacral resection (ASR),
which was first described by Brunschwig and Bar-
ber'” in 1969, for PPR of rectal carcinoma. Although
published data on this operation are still limited and
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there have been few long-term follow-up studies, this
aggressive operation provides pain control, prolon-
gation of survival, and possibly cure.'*™>* However,
reported morbidity and mortality are significantly
high,”’ 22 and survival is still low.'>?> Therefore,
appropriate selection of patients, especially with ref-
erence to the probable prognosis, is necessary. In
addition, adjuvant therapy based on recurrence pat-
terns may be required. The purpose of this study was
to evaluate the results of ASR for PPR of rectal
carcinoma and to analyze prognostic factors and
recurrence patterns.

PATIENTS AND METHODS

Between March 1983 and May 2000, 44 patients
with PPR of rectal carcinoma that involved the sa-
crum on computed tomography (CT) were consid-
ered candidates for ASR and admitted to the
National Cancer Center Hospital, Tokyo. There were
35 men and 9 women, with a median age of 55 years
(range, 32-73 years). Of these, 40 patients underwent
initial operation at other hospitals. Selection criteria
for curative-intent ASR were as follows: (1) medical
fitness for ASR; (2) no signs of disseminated disease
on preoperative imaging; (3) tumors involving the
sacrum but not the first sacral bone and the bony
lateral walls; and (4) tumors anatomically confined
within the pelvis, with or without resectable solitary
liver metastasis. The imaging studies routinely per-
formed before resection were abdominal and pelvic
CT, abdominal ultrasonography, and chest roent-
genogram until 1989; pelvic magnetic resonance
imaging and chest CT were added thereafter.

Of the 44 patients for whom ASR was attempted,
40 received curative-intent ASR, and 4 received pal-
liative-intent ASR because of 1 or 2 lung metastases
in 3 and 3 liver metastases in 1. Of the 40 who re-
ceived curative-intent ASR, 33 patients underwent
macroscopic curative ASR, 2 with solitary liver
metastasis underwent macroscopic curative ASR
with complete resection of liver metastasis, 1 with 4
peritoneal metastases adjacent to the main tumor
underwent macroscopic curative ASR with complete
resection of peritoneal metastases, and the remaining
4 underwent palliative ASR because of macroscopic
residual local tumor in 3 and residual lymph node
metastases in 1. Of the four who received palliative-
intent ASR, three with lung metastases underwent
palliative ASR leaving only residual lung metastases
in two and both residual lung and local tumors in
one, and one with three liver metastases underwent

macroscopic curative ASR with complete resection of
liver metastases. Conseuently, 37 underwent macro-
scopic curative resection, and 7 underwent macro-
scopic palliative resection. Of them, 27 patients
received no radiation, 13 received preoperative
adjuvant radiation of 30 to 73 Gy (median, 44 Gy),
and 4 received 44 to 50 Gy (median, 50 Gy) as pre-
vious treatment.

Data for these patients were collected and entered
prospectively into the database of the Colorectal
Surgery Division. They included the following: (1)
patient demographics; (2) treatment and pathology of
the primary rectal cancer; (3) presentation of PPR; (4)
treatment and pathology of recurrent tumor; (5)
operative details; (6) hospital course, including com-
plications; and (7) outcome. Of these, 15 variables
were selected for prognostic factor analysis (Table 1)
by consideration of their potential relationship to
survival after ASR, as indicated by previous stud-
ies.!*~*>!71922 The local disease—free interval (LDFI)
was defined as the interval between the initial curative
operation and the occurrence of symptoms or detec-
tion of asymptomatic PPR by CT.

Surgical Procedure

Our surgical procedure was basically similar to that
originally described by Wanebo and Marcove'' and
Wanebo et al.;'* however, it was slightly modified.”’
Our sacral resection was performed immediately after
the abdominal phase as a one-stage procedure instead
of a two-stage procedure.'” The presence of liver
metastasis did not preclude continuation of the pro-
cedure if it was solitary and if the disease-free interval
was sufficiently long. Solitary liver metastasis was
resected simultaneously. We did not make full-
thickness fascial myocutaneous flaps for sacroperi-
neal wound closure but sutured the wound simply
because there were no patients with large exposed
tumors at the perineum.

After the patient was placed in a supine position
with flexed and abducted thighs, dissection was
started at the aortic bifurcation, and the common and
external iliac vessels were dissected. The internal iliac
vessels were divided at their root or beyond the
superior gluteal artery. Adipose tissue, lymphatics,
and the nodes surrounding these vessels, including
obturator nodes, were removed completely, and the
muscular pelvic side walls and the sacral nerve roots
were exposed. The upper limit of the tumor was
identified, and the anterior surface of the sacrum was
dissected down to the planned level of sacral tran-
section. When the tumor adhered or invaded into
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TABLE 1. Univariate Predictors of Adverse Outcome

Variable . No. of Patients Overall survival (%) P
l-yr 3yr S-yr
Overall i 44 90 47 34
Gender
Female 9 87 45 45 41
Male 35 91 48 32
Age
< 60 years 30 96 b 40 .10
2> 60 years 14 92 31 23
Primary cancer stage
L1I 2,13 93 64 48 .046
i1 22 90 39 3 (I IL, IIT vs. IV)
v 7 85 28 14
Initial surgery
Local excision, anterior resection 1,20 90 51 36 .83
Abdominoperineal resection 23 90 4 34
Initial lymphadenectomy
Conventional 33 93 55 41 25
Extended 11 81 27 18
Local-disease-free interval (months)
<12 17 75 20 20 .0042
> 12 27 96 62 43
Preoperative CEA level (ng/ml)
<10 23 91 70 49 .025
> 10 21 90 25 20
Extent of preoperative pain .
None, perineum 15, 17 93 55 43 0006
Buttock 7 85 35 0 (none, perineum vs. buttock, more)
Thigh, leg 3,2 50 0 0
Tumor extent
Solitary pelvic tumor 24 95 55 40 17
Pelvic metastasis 12 75 43 29 (solitary tumor vs. others)
Distant metastasis 8 85 28 28
Largest tumor diameter (cm)
<5 26 92 50 40 .086
>5 18 88 40 24
Sacral involvement
Adhesion 27 84 56 37 .85
Periosteum, marrow 11, 6 94 32 32
Resection margin
Microscopic negative 24 95 81 62 < .0001
Microscopic positive 13 91 16 8 (microscopic negative vs. others)
Gross positive, residual 7 71 0 0
Pathological grade
Well, moderate ) 4, 29 90 40 35 .49
Mucinous, adenosquamous 6, 1 85 57 42 (poor, signet vs. others)
Poor, signet-ring cell 3,1 75 75 0
Macroscopic growth pattern
Solitary expanding 15 92 70 70 0027
Multiple expanding S 80 40 20 (solitary vs. others)
Diffuse infiltrating 24 87 M 13
Preoperative radiation
Yes 13 91 55 46 .55
No 31 90 4 29

CEA, carcinoembryonic antigen.

urogenital organs, the remaining rectum, pelvic
nerves or muscles, and involved organs were all re-
sected en bloc to avoid incomplete resection and
cancer cell spillage. To facilitate resection and he-
mostasis and to shorten operating time, a combined
abdominal and perineal approach was used.

Ann. Surg. Oncol. Vol. 14, No. 1, 207

After dissection of the lateral, cephalad, anterior,
and caudal aspects of the tumor with surrounding
organs to be resected was accomplished, the patient
was placed in a prone position with flexed and ab-
ducted thighs. A posterior sacral incision including
the perineal lesion was made, and the sacrum and
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gluteal muscles were exposed. The gluteal muscles,
sacrotuberous ligament, sacrospinous ligaments, and
pyriformis muscles were divided as far from the tu-
mor as possible. After the level of abdominal dissec-
tion and the extent of the tumor were confirmed by
hand in the pelvic cavity, a laminectomy proximal to
the planned level of sacral transection was performed
to preserve the noninvolved sacral nerve roots and
ligate the dura. The sacrum was transected by an
osteotome, and en-bloc resection of the tumor with
the sacrum and the surrounding organs was accom-
plished. The gluteal muscles and skin were closed
‘primarily. Again, the patient was placed in a supine
position with flexed and abducted thighs. A colos-
tomy and an ileal conduit were made.

Extent of Resection

Levels of sacral transection included S2 in 6 pa-
tients, $2-3in 19, S3in 5, S3—41in 11, S4in 1, and S4-
5 in 2. Thirty-nine patients underwent total pelvic
exenteration, one underwent posterior pelvic exen-
teration, and four underwent abdominoperineal
resection. En-bloc resection of entire pelvic lymph
nodes with the bilateral internal iliac arteries and
veins was performed for ali patients. Resected organs
included the rectum in 20 cases, the urinary bladder
in 39, the uterus and vagina in 8, the external geni-
talia in 2, the obturator internis muscle in 12, the
gluteus maximus muscle in 5, and the small intestine
in 7. Urinary diversions were an ileal conduit in 37
patients and a ureterocutaneostomy in 2. Three pa-
tients underwent complete resection of one, one, and
three synchronous liver metastases. In addition, one
patient underwent complete resection of four perito-
neal metastases.

Follow-Up

One patient returned to Indonesia and was lost to
follow-up. The other 43 were followed up completely,
with a median follow-up time for live patients of 4.7
years (range, 1.2-15.8 years). They were examined
with abdominal and pelvic CT, chest roentgenogram
or CT, and carcinoembryonic antigen (CEA) mea-
surement every 4 months for 0 to 1 years, every 6
months for 2 to 4 years, and annually for S to 10 years.

Statistical Analysis

Survival, disease-free survival, and local disease—
free survival distributions were estimated by using the
Kaplan-Meier product-limit method. Univariate

comparisons of survival were made by using the log-
rank test, and multivariate analysis was performed by
using the Cox regression model with the forward
stepwise method (likelihood ratio). All variables were
dichotomized for gnalysis. Differences in proportions
were analyzed by Fisher’s exact test and by muliti-
variate analysis with the logistic regression model and
the forward stepwise method (likelihood ratio). All
statistical analyses were performed with SPSS for
Windows, version 10.0J (SPSS-Japan Inc., Tokyo,
Japan). All P values were two sided, and a P value of
<.05 was considered to be statistically significant.

RESULTS

Pathologic Findings

Histological diagnoses of the PPR cases are listed
in Table 1. The bone marrow or periosteum of the
sacrum was histologically involved in 17 patients. The
remaining 27 had no sacral invasion, but dense fi-
brotic tissues adhered extensively to the sacrum, and
cancer cells were found within them. Of 13 patients
with pelvic lymph node involvement, 12 had intra-
pelvic metastases alone, and 1 had both intrapelvic
and extrapelvic metastases. Eight patients had distant
metastasis, including liver metastasis in three, lung
metastasis in three, peritoneal metastasis in one, and
distant lymph node metastasis in one.

Resection margins were microscopically negative in
24 patients, microscopically positive in 13, macro-
scopically positive in 3, and grossly residual in 4
(lung, n = 2; lung and local, n = 1; lymph node, n =
1; Table 1). The sites of macroscopic positive margins
included cut ends of the sacrum and/or presacral
connective tissue in two, cut ends of the sacral nerves
and the external iliac artery in one, and the lateral
pelvic sidewall in one. The major artery was involved
only in one patient with prior extended lateral pelvic
lymph node dissection. The sites of microscopic po-
sitive margins included the cut end of the sacrum in
two, the cut end of the presacral connective tissue in
three, the cut ends of the sacrospinous ligament and
sacrotuberous ligament in one, the cut ends of the
sacrospinous ligament and obturator internis muscle
in one, the cut end of the obturator lymph node in
one, and the cut ends of the sacral nerves in one.

Macroscopic growth patterns were based on mac-
roscopic views of sections of resected specimens and
were classified as solitary expanding growth, multiple
expanding growth, and diffuse infiltrating growth
(Fig. 1; Table 1). Expanding growth featured smooth
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FIG. L. (A) A section after abdominal sacral resection for posterior pelvic recurrence of rectal carcinoma. This tumor was macroscopically
classified as solitary expanding growth. (B) Corresponding magnetic resonance image of (A). (C) A section of tumor macroscopically classified
as multiple expanding growth. (D) Corresponding magnetic resonance image of (C). (E) A section of tumor macroscopically classified as
diffuse infiltrating growth. (F) Corresponding computed tomography of (E). Arrowheads, main tumor; arrow, satellite tumor. *Sacrum.

and clear margins. Any tumors showing irregular or
obscure margins were therefore classified into the
diffuse infiltrating category.

Morbidity and Mortality

The median operating time was 751 minutes (range,
263-1377 minutes). The median blood loss was 3208
mL (range, 856-26160 mL), and all of the patients
underwent transfusion. Of the 27 patients with post-
operative complications (morbidity, 61%), 10 (23%)
had major complications that necessitated surgical
interventions or resulted in hospital death, and 17
(38%) had minor complications that could be managed
conservatively (Table 2). The number of complica-
tions per patient was as follows: 4 in 1 patient, 3 in 5
patients, 2 in 10 patients, and 1 in 11 patients. One
patient who had pelvic sepsis, residual tumor regrowth,
bowel obstruction, and renal failure died on the 66th
postoperative day (mortality, 2%).

Eleven (65%) of 17 patients who had received
adjuvant or previous radiation had postoperative
complications, compared with 16 (59%) of 27 who
had not received radiation (P = .76). In contrast, 7
(41%) of 17 with adjuvant or previous radiation
experienced major complications, compared with 3
(11%) of 27 without irradiation (P = .03). The
median hospital stay was 38 days (range, 22-316
days). :
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—238—

TABLE 2. Complications

Complication No. Patients

Major complications
Pelvic sepsis
Bowel obstruction
Intestinal fistula
Ureteroileostomy feakage
Ureterocutaneostomy stenosis
Ileal conduit necrosis
Renal failure
Uncontrollable bleeding
Postoperative bleeding
Tracheal stenosis

Minor complications
Wound dehiscence/infection
Bowel obstruction
Urinary tract infection
Ureteroileostomy stenosis
Neurogenic bladder

— et e e e e N N fud OO
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Survival

The median survival for all the patients undergoing
ASR was 2.3 years (range, .1-15.8 years). The esti-
mated overall 1-, 3-, and 5-year survival rates were
90%, 47%, and 34%, respectively, including one
hospital death (Fig. 2). Of the 15 patients who sur-
vived >4 years, 9 were disease free, and 5 survived
> 8 years. The disease-free 1-, 3-, and 5-year survival
rates were 44%, 26%, and 24%, respectively. The local
disease—free 1-, 3-, and 5-year survival rates were
63%, 47%, and 47%, respectively (Fig. 2).
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Overall survival (N=44)
- - - Localdisease-free survivat (N=44)
""""" Disease-free survival (N=44)
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0.0

Years after Surgery

FIG. 2. Overall, disease-free, and local disease—free survival dis-
tributions for the 44 patients undergoing abdominal sacral resec-
tion for posterior pelvic recurrence of rectal carcinoma. The
numbers in parentheses for the overall survival curve indicate the
patients alive at 3 and 5 years.

Prognostic Factors

Results of univariate analysis of prognostic factors
are summarized in Table 1. The overall survival of
the patients with microscopic positive resection
margins was significantly worse than that of those
with microscopic negative margins (P < .0001) but
was not significantly better than that of those with
macroscopic positive margins or macroscopic resid-
ual tumor (P = .11). Patients with macroscopic po-
sitive margins or macroscopic residual tumor did not
survive >2.3 years.

The survival of patients with buttock pain was
significantly worse than that of those without pain or
with perineal pain (P = .043) and was significantly
better than that of those with thigh or leg pain (P =
.0046). The latter died within 1.2 years.

Of the eight patients with distant metastasis, two
undergoing resection of solitary liver metastasis were
alive and disease free for 7.6 and 2.7 years, one
undergoing resection of three liver metastases died of
disease at 1.3 years, one undergoing resection of four
peritoneal metastases was alive with disease at 1.1
years, three with one or two lung metastases died of
disease at 2.3, 2.0, and 1.6 years, and one with para-
aortic lymph node metastasis died at 1.7 years.

The univariate analysis of the 15 vanables
(Table 1), when dichotomized, showed a positive
resection margin, pain extending to the buttock or
further, multiple growths or diffuse infiltrating
growth, LDFI of <12 months, a preoperative CEA
level > 10 ng/mL, and primary cancer stage 1V to be

— Group I (N=17)
— — Group 1 {N=7)
""" Group Il (N=10)
~ 7 Group IV (N=10)

Survival

00

Years after Surgery

FIG. 3. Overall survival curves for group I (microscopic negative
margin and local disease—free interval [LDFI] of >12 months),
group II (microscopic negative margin and LDFI <12 months),
group I (positive margin and LDFI > 12 months), and group IV
(positive margin and LDFI < 12 months). The numbers in paren-
theses for each curve indicate the patients alive at 3 and § years.

associated with significantly worse survival. The
other nine factors did not show any significant asso-
ciation with outcome.

The multivariate analysis of the 15 dichotomized
variables revealed that only a positive resection
margin (hazard ratio, 10 [95% confidence interval,
3.8-28]; P < .001), an LDFI of <12 months (4.2
[1.8-9.8]; P = .001), and pain radiating to the but-
tock or further (4.2 [1.6-11]; P = .004) were inde-
pendently associated with worse survival.

When the most significant independent factors
were considered together, the 5-year overall survival
rates of the 17 patients with microscopic negative
margins and an LDFI > 12 months (group 1), the 7
with microscopic negative margins and an LDF1 <12
months (group II), the 10 with positive margins and
an LDFI > 12 months (group 1II), and the 10 with
positive margins and an LDF1 <12 months (group
1V) were 67%, 51%, 10%, and 0%, respectively
(Fig. 3). There were significant survival differences
between group I and group 111 (P < .0001), group 111
and group 1V (P = .0014), and group 11 and group
IV (P = .01). Group 1V patients did not survive >2.3
years.

Risk Factors for a Positive Resection Margin

To clarify the risk factors for a positive resection
margin, the most significant prognostic factor on
multivariate analysis, univariate and multivariate
analyses were conducted. Three patients who under-
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