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Several studies have shown associations between irinotecan toxicity and UGTTA genetic
variations in colorectal and lung cancer, but only limited data are available for gastric cancer
patients. We evaluated the frequencies of UGT1A polymorphisms and their relationship with
clinicopathologic parameters in 382 Korean gastric cancer patients. Polymorphisms of UG-
T1A1%6, UGTTA1*27, UGT1A1°28, UGT1A1*60, UGTTA7*2, UGT1A7*3, and UGT1A9*22 were
genotyped by direct sequencing. In 98 patients treated with irinotecan-containing regimens,
toxicity and response were compared according to the genotype. The UGT1A7*6 and UG-
T1A9"22 genotypes showed a higher prevalence in Korean gastric cancer patients, while the
prevalence of the UGTA728 polymorphism was lower than in normal Koreans, as has been
found in other studies of Asian populations. The incidence of severe diarrhea after irinotec-
an-containing treatment was more common in patients with the UGTTA7*6, UGTTA7*3 and
UGT1A9*22 polymorphisms than in controls. The presence of the UGTTAT6 allele also
showed a significant association with grade Ill-IV neutropenia. Upon haplotype and diplo-
type analyses, almost every patient bearing the UGTTA7*6 or UGT1A7*3 variant also had the
UGT1A9"22 polymorphism, and all severe manifestations of UGTTA polymorphism-associat-
ed toxicity were related to the UGTTA922 polymorphism. By genotyping UGTTA922 poly-
morphisms, we could identify high-risk gastric cancer patients receiving irinotecan-contain-
ing chemotherapy, who would experience severe toxicity. When treating high-risk patients
with the UGT1A9*22 polymorphism, clinicians should closely monitor them for signs of tox-
icity such as severe diarrhea or neutropenia.
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Introduction

Irinotecan is commonly used alone or in combination with other medications to treat
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various cancers, including colorectal, gastric, and lung cancers. Ge-
netic polymorphisms in genes involved in the metabolism of irino-
tecan, especially variations in the gene encoding UDP-glucurono-
syl transferase 1A (UGT1A), are known to play significant roles in
the outcomes of patients after treatment. Irinotecan and its active
metabolite SN-38 (7-ethyl-10-hydroxy-camptothecin), which is
approximately 100- to 1,000-fold more cytotoxic than the parent
drug, are topoisomerase I inhibitors and cause cancer cell death as
aresult of DNA strand breaks induced via cleavable complexes [1].
Systemic SN-38 has been reported to cause neutropenia, whereas
local intestinal SN-38 causes diarrhea [2]. Because neutropenia
and diarrhea are the major toxicities associated with irinotecan
chemotherapy, inherited differences in UGTIA polymorphisms
affecting its activity may exert an important influence on the phar-
macokinetics, toxicity, and pharmacologic effects of irinotecan.
Some of these isoforms have been shown to have clinical signifi-
cance for SN-38 glucuronidation and irinotecan-related toxicity;
in particular, the low-activity UGT1AI isoform, UGT1A1*28, is
strongly associated with irinotecan-induced neutropenia [3,4], es-
pecially in Western populations. Some studies have suggested that
UGTI1A1%6 or UGT1A1*27 might be more important among
Asian cancer patients treated with irinotecan [5,6]. The
-3279T>G (UGT1A1%60) and 211G>A (UGT1A1%6) polymor-
phisms have been suggested to be important with respect to UDP
glucuronosyl transferase enzyme function [7]. In addition to UG-
T1Al, the extra-hepatic isoform UGT1A7 has been demonstrated
to glucuronidate some phenolic compounds, carcinogens, and
drugs. UGT1A7*3 was found to be a risk factor for oropharyngeal
cancer, hepatocellular carcinoma, and colorectal cancer (CRC)
(8], and a recent study showed that UGT1A7 plays a role in the
glucuronidation of SN-38. Hepatic UGT1A9 has also been sug-
gested to contribute to the metabolism of SN-38 [9], and one of
the variants in its gene, ~118(T),,/(T), (UGT1A9*22), is associ-
ated with a change in the enzyme phenotype [10,11].

Several studies have shown an association between toxicity and
UGT1A genetic variations in CRC and lung cancer, but few stud-
ies have reported gastric cancer patients’ UGT1A polymorphisms
and irinotecan toxicity [12,13]. Because gastric cancer is the sec-
ond leading cause of cancer death worldwide, with an especially
high incidence in Asia, it is important to identify UGT1A poly-
morphism candidates for predicting irinotecan toxicity among
gastric patients [14]. Moreover, few studies have investigated iso-
forms other than UGTIAI and their relationships with irinotec-
an-induced toxicity. Since important candidate UGT1A polymor-
phisms, including UGT1A1%6, UGT1A1*27, UGT1A128, UG-
T1AI1%60, UGT1A7, and UGT1A9*22, may play key roles in irino-
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tecan metabolism, we evaluated the frequencies of UGT1A poly-
morphisms and their association with toxicity and other parame-
ters in Korean gastric cancer patients. Furthermore, we also con-
ducted a comparative analysis of toxicity according to the geno-
type among gastric cancer patients treated with irinotecan-con-

taining regimens.

Methods

Subjects

Polymorphisms of UGT1A subtypes were investigated in 382 Ko-
rean patients with histologically confirmed gastric carcinoma. The
patients’ clinical data were reviewed from the electronic medical
records of Severance Hospital, Yonsei University College of Medi-
cine, in accordance with the Declaration of Helsinki, after institu-
tional review board approval. Among them, 98 patients with ad-
vanced gastric adenocarcinoma were enrolled in two prospective
phase II studies and received irinotecan and cisplatin combination
chemotherapy as second- or third-line therapy with palliative aims
between April 2002 and August 2007. Forty-nine patients received
a weekly regimen (S0 mg/ m” irinotecan on days 1, 8, and 15, fol-
lowed by 30 mg/ m’ cisplatin on days 1, 8, 15, and a 1-week rest,
every 4 weeks) and 49 patients received a biweekly regimen (70
mg/ m’ irinotecan on days 1 and 15, and 80 mg/ m’ cisplatin on
day 1, every 4 weeks). The full treatment schedule, eligibility crite-
ria, and dose modifications have been reported previously [15,16].
Toxicity was graded by the National Cancer Institute Common
Toxicity Criteria version 3.0 for the most serious toxicity that a pa-
tient experienced during total therapy. Tumor response was evalu-
ated according to the guidelines of the Response Evaluation Crite-

ria in Solid Tumors Committee.

Genomic DNA extraction and DNA genotyping

Genomic DNA was extracted from peripheral blood mononuclear
cells (PBMCs) at the time of diagnosis. The PBMCs were isolated
from whole blood using Ficoll-Paque (Pharmacia, Uppsala, Swe-
den), and genomic DNA was extracted with the LaboPass Blood
kit (Genotein Biotech, Seoul, Korea) following the manufacturer’s
instructions. The UGT1A1*28, UGT1A7*2, UGT1A7*3, and UG-
T1A9*22 polymorphisms were genotyped by direct sequencing,
UGT1A1*27 by SNaPshot sequencing, and UGT1A1%6 and UG-
T1AI1*60 using TagMan probes.

Polymerase chain reaction (PCR) was performed according to
the manufacturer’s instructions using a thermal cycler (GeneAmp
9700, Applied Biosystems, Foster City, CA, USA) with a final re-
action volume of 10 L containing 5 ng of genomic DNA, 0.5 U of
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Taq DNA polymerase (Qiagen, Hilden, Germany), 0.24 uM con-
centrations of each primer, and 0.2 mM dNTP. The sense and an-
tisense primers are described in Supplementary Table 1. The cy-
cling protocol began with a denaturation step of 94°C for 3 min,
followed by 30 cycles of denaturation at 94°C for 30 s, annealing at
the specific annealing melting temperature (60°C or 65°C) for 30
s, and 72°C for 1 min, with a final extension at 72°C for 10 min.
The PCR products were purified by incubation with 0.15 U of
shrimp alkaline phosphatase (Roche, Basel, Switzerland) and 0.75
U of exonuclease 1 (New England Biolabs, Ipswich, MA, USA) at
37°C for 45 min, followed by heat inactivation at 80°C for 15 min.
The PCR products were sequenced using an ABI BigDye Termi-
nator Cycle Sequencing Kit (Applied Biosystems) on an ABI 3100
DNA sequencer (Applied Biosystems).

SNaPshot analysis was performed using an Applied Biosystems
SNaPshot Multiplex Kit. Extension reactions were performed in a
thermal cycler and consisted of 35 cycles of denaturation at 95°C
for 10 s and annealing/extension at 60°C for 40 s. The products
were denatured at 95°C for S min and then separated using an ABI
3730x] DNA Analyzer (Applied Biosystems) with a 36-cm-long
capillary and POP-7 polymer. The analysis was performed using
GeneMapper 3.7 Software.

For the TagMan Drug Metabolism Genotyping Assay, we per-
formed genotyping using solution-phase hybridization reactions
with $nuclease and fluorescence detection (TagMan SNP geno-
typing assay numbers C_559715_20 and C_1432134_10; Ap-
plied Biosystems) in a 7300 real-time PCR system (Applera, Nor-
walk, CT, USA). The 25 pL reactions contained 20 ng of genomic
DNA, 1x TagMan Universal Master Mix, 900 nM concentrations
of each primer, and 200 nM VIC-labeled and FAM-labeled probes
(Applera). The amplification conditions were 95°C for 10 min,
then 40 cycles of 92°C for 15 s, and 60°C for 1 min.

Data analyses
Genotypes for various polymorphisms were assessed for deviation
from Hardy-Weinberg equilibrium using SNP Analyzer software
(http://www.istech21.com/bionics/ consulting_6.htm). We ana-
lyzed linkage disequilibrium (LD) using the PLINK program
(http ://pngu.mgh.harvard.edu/~purcell/ plink) , which gave the
following LD statistics: r-square, D’, haplotype, and estimated hap-
lotype frequencies, in-phase. The LD statistics presented in the
PLINK results are based on haplotype frequencies estimated via
an expectation-maxmization algorithm. Diplotypes were assigned
to each individual from their haplotypes.

The genotype frequencies of UGT1A polymorphisms in gastric
cancer patients were compared with previously reported data. The
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associations between UGT1A genotypes and clinical parameters,
toxicity, and response were compared using the Pearson chi-square
test or Fisher exact test, using SPSS version 21.0 (IBM Corp,, Ar-
monk, NY, USA). A p-value < 0.05 was considered to indicate sta-

tistical significance.

Results

Baseline characteristics of 382 patients

UGT1A polymorphism subtypes were determined in 382 gastric
cancer patients. The study sample included 247 men and 135
women with a median age of 57 years (range, 27 to 86 years), and
included patients with stage I (35.1%), I1 (9.2%), III (19.1%), and
IV (36.6%) cancers. Poorly differentiated adenocarcinoma was the
most common histological type (128 patients, 33.5%). No pa-
tients were previously diagnosed with Gilbert syndrome.

UGT 1A genotypes and frequencies

UGTIAI*6, UGT1A1*27, UGT1A1*28, UGT1A1*60, and UG-
T1A7*3 variants (N129K, R131R/K, R131Q/K, and W208R),
and UGT1A9*22 were genotyped in 382 patients. Their frequen-
cies are listed in Table 1, which shows homozygous wild-type (w/
w), heterozygous (w/m), and homozygous mutant (m/m) types.
All variants were in Hardy-Weinberg equilibrium (p > 0.05).

The UGT1A polymorphism allele frequencies of gastric cancer
patients in our study were compared with those in previously re-
ported data from normal Koreans [17,18] and Koreans with non—
small cell lung cancer (NSCLC) [11] or CRC [19]. The UGT1A
polymorphism allele frequencies in Asians and normal Europeans
[10,20] were also compared with those of Japanese patients with
various cancers [21] and with Western patients with metastatic
CRC [22], as shown in Table 2. The frequency of the UGT1A*6
allele was significantly higher in Korean cancer patients, especially
for gastric cancer patients (37.4%, p = 0.015) and NSCLC patients
(39.5%, p = 0.020), than in normal Koreans. Data from Asian pa-
tients showed that cancer patients had a similar frequency of the
UGT1A1%6 allele compared to normal individuals (16.7% vs.
13%), but those prevalence rates were lower than observed in Ko-
rean cancer patients. Unlike the Asian data, Western individuals
had no UGT1A1%6 polymorphisms. The prevalence of the UG-
T1A1728 polymorphism was lower in Korean gastric cancer pa-
tients (23.8%, p = 0.775), similar to other Korean and Asian popu-
lations (11.0%-25%), and different from studies of Western popu-
lations (>30.0%). The incidence of the UGT1A1*60 polymor-
phism was significantly higher in Korean gastric cancer patients
(50.8%, p < 0.001) than in normal Koreans (26.0%). Other cancer
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Table 1. Frequencies of UGT1A polymorphisms among 382 gastric cancer patients

No. of subjects (%)

Gene Polymorphism HWE p-value
—[- —[+ +[+
UGT1A1 211G>A (*6) 239 (62.6) 133 (34.8) 10 (2.6) 0.09
686C>A (*27)° 132 (97.8) 3(2.2) 0 0.77
-53(TA)6>7 (*28) 291 (76.2) 85(22.3) 6(1.6) 0.94
-3279T>G (*60) 188 (49.2) 165 (43.2) 29 (7.6) 0.38
UGT1A7 129N > K 126 (33.0) 197 (51.6) 59 (15.4) 0.21
131R>R/K 126 (33.0) 197 (51.6) 59 (15.4) 0.21
131R>Q/K 126 (33.0) 197 (51.6) 59 (15.4) 0.21
208W >R 222 (58.1) 142 (37.2) 18 (4.7) 0.43
UGT1A9 -118(1)10/(T)9 (*22) 137 (35.9) 194 (50.8) 51(13.4) 017
UGT1A, uridine diphosphate-glucuronosyl transferase 1A; HWE, Hardy-Weinberg equilibrium.
“Only 135 patients' blood samples were available for genotyping for the UGTTA1*27 polymorphism.
Table 2. UGT1A allele frequencies of normal and various cancer patients among Koreans, Asians, and Westerners
Koreans Other Asians (Japanese) Westerners
NL® GC® NSCLC® CRC’ NL® Cancer’ NL® CRC?
No. 50 382 81 20 150 177 132 66
UGT1A1%6 (%) 20.0 37.4 39.5 25.0 13.0 16.7 0.0 -
p-value - 0.015 0.02 0.645 - 0.226 - -
UGT1A17*28 (%) 22.0 23.8 14.8 25.0 11.0 13.8 34.0 303
p-value - 0.775 0.294 0.787 - 0.288 - 0.175
UGT1A17*60 (%) 26.0 50.8 43.2 55.0 34.0 28 44.0 -
p-value - <0.001 0.004 0.001 0.106 - -
UGT1A7*3 (%) 36.0 419 44.4 - 26.0 22.3 36.0 311
p-value - 0.427 0.34 - - 0.357 - 0.322
UGT1A9*22 (%) 66.0 64.1 414 - 53.0 65.3 39.0 56.8
p-value - 0.876 0.06 - - 0.002 - 0.032

UGT1A, uridine diphosphate-glucuronosyl transferase 1A; NL, normal; GC, gastric cancer patients; NSCLC, non-small cell lung cancer; CRC, colorectal

cancer.

*Normal Korean data were from Yea et al. [17], except for data on UGT1A1*60 from Kim et al. [18] (n = 218).

*Korean gastric cancer data were from our study.
“Korean NSCLC data were from Han et al. [11].
“Korean CRC data were from Oh et al. [19].

‘Normal Asian and Western data were from Innocenti et al. [10] except for data on UGT1A7*3 from Huang et al. [20] (n = 103).

“Japanese various cancer data were from Saito et al. [21].
Western CRC data were from Carlini et al. [22].

types also showed a higher prevalence of UGT1A1%60 (NSCLC,
43.2%, p = 0.004; CRC, 55.0%, p = 0.001) than in normal groups,
which were different from other Asian populations (28.0%-34.0%,
p=0.106). In contrast, the UGT1A7*3 genotype did not show any
significant difference between normal Koreans and cancer pa-
tients. The UGT1A9*22 polymorphism showed similarly higher
frequencies across Korean normal and gastric cancer patients
(66.0%-64.1%, p = 0.876). Japanese and Western cancer patients
also showed significantly high frequencies of the UGT1A9*22 al-
lele (65.3%, p = 0.002 and 56.8%, p = 0.032) compared to normal
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individuals (53.0% and 39.0%).

Linkage disequilibrium and haplotype analysis
Since LD (the non-random association of alleles at two loci) shows
considerable heterogeneity across the human genome, we per-
formed LD analyses using the detected SNPs (Fig. 1). In particular,
close linkage was seen between UGT1A9*22 and UGT1A7 variants
(D’ value = 1; 1 value = 0.902). UGT1A1*6 was also highly linked
with other UGT1A polymorphisms (D’ values of 0.807-1).
Haplotype and diplotype analyses are the best ways to under-
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UGT149%22 UGIIATNI2OK UGTIATRIZIR
UGT149%22
UGIIATNI2ZOK
UGTIATRI3IR
UGIIATRIIIQ
UGT147W208R

UGT141%60 ‘ 0.436 0.449 0.449 0.449

UGTIAI*28

UGTIAL*6

D'

07-08 0.7-08
06-07 06-07
0-06 0-06

UGIIATRIZIQ

UGT14TI208R UGI1A1%60 UGT141*28 UGT141%*6 R

0.33 0.124 0.008 0.258
0.433 0.118 0.008 0.317
0.433 0.118 0.008 0.317
0.433 0.118 0.008 0.317

0.05 0.001 0.725

0.632 0.0353 0.103
0.036

Fig. 1. Linkage disequilibrium analysis for UGTTA polymorphisms. Linkage disequilibrium analysis was performed using the detected single-
nucleotide polymorphisms. In particular, a close linkage was seen between UGT1A9*22 and UGT1A7 variants (D' = 1, R? = 0.902). UGT1A1*6

was also highly linked with other UGT1A polymorphisms (D' = 0.807-1).

stand LD patterns in the human genome, reflecting the combined
effects at multiple loci throughout the evolutionary process. Hap-
lotype analysis was performed with five UGT1A polymorphisms,
resulting in 15 total reconstructed haplotypes. The haplotype fre-
quencies of the total 382 patients, 98 of whom received chemo-
therapy containing irinotecan, are shown in Supplementary Table
2. The three most common haplotypes (1, IL, and III) accounted
for over 80% of all haplotypes.

A total of 41 diplotypes were found, and only those with fre-
quencies over 1% among the 382 patients are shown in Supple-
mentary Table 3. The four most common diplotypes were I/1
(22.77%),1/11 (17.80%), 1/111 (15.18%), and I/IV (8.64% ). Simi-
lar results were observed among the 98 patients who received
irinotecan-containing chemotherapy.

Characteristics of patients who were treated with
irinotecan-based chemotherapy

Ninety-eight patients received combination chemotherapy of
irinotecan and cisplatin with palliative aims, and their baseline
characteristics are shown in Table 3. Among these 98 patients, 62
(63.3%) were men and the overall median age was 57 years (range,
27 to 76 years). Forty-nine patients received chemotherapy as a
weekly regimen with a relative dose intensity (RDI) of 85.5%
(standard deviation [SD] = 25.1%; range, 33.3% to 116.7%),
whereas 49 patients received chemotherapy on a biweekly regimen
with a RDI of 80.3% (SD = 19.3%; range, 43.8% to 132.9%). Ap-
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proximately 14.3% (14/98) of the patients experienced grade I1I-
IV diarrhea, and 28.6% (28/98) of the patients experienced grade
III-IV neutropenia. Interestingly, the weekly regimen group and
biweekly regimen group showed distinct toxicity profiles. The bi-
weekly regimen group seemed to experience more toxicity than
the weekly group, with a higher incidence of grade III-IV diarrhea
(11 [22.4%] vs. 3 [6.1%)] patients) and grade III-IV neutropenia
(21 [42.9%] vs. 7 [14.3%] patients).

We also analyzed the associations of each of the UGT1A geno-
types with clinical parameters, including age, sex, histology, stage,
and baseline total bilirubin. The genotypes did not show any sta-
tistically significant correlation with any of these clinical parame-

ters (data not shown).

Association of UGT1A genotypes with toxicity and tumor
response to irinotecan-containing treatment

The associations between each genotype and toxicity for the 98
patients who received palliative irinotecan-based chemotherapy
are shown in Table 4. In this analysis, additional genotyping for the
UGT1AI1*27 polymorphism was also done, because previous
studies have reported that Japanese cancer patients heterozygous
for UGT1A1*27 experienced severe diarrhea or leukopenia [6].
Patients with the UGT1A1%6 polymorphism showed a significant-
ly higher incidence of grade III-1V diarrhea (9/34 patients
[26.47%], p = 0.012) and grade III-IV neutropenia (14/34 pa-
tients [41.18%], p = 0.044) after the irinotecan-containing regi-
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Table 3. Baseline characteristics of patients treated with palliative chemotherapy containing irinotecan

Total patients entered Total (n = 98) Weekly regimen (n = 49)° Biweekly regimen (n = 49)°
Sex
Male 62 (63.3) 31(63.3) 31(63.3)
Female 36 (36.7) 18 (36.7) 18 (36.7)
Age at diagnosis (y) 57 (27-76) 57 (31-76) 56 (27-73)
Performance status (ECOG)
0 7(7.1) 0 7 (14.3)
1 71 (72.4) 38(77.6) 33(67.3)
2 17 (17.3) 9(18.4) 8(16.3)
3 3(3.1) 2 (4.1) 1(2.0)
Operation type
No operation 26 (26.5) 16 (32.7) 10 (20.4)
Total gastrectomy 33(33.7) 14 (28.6) 19 (38.8)
Subtotal gastrectomy 32 (32.7) 13 (26.5) 19 (38.8)
Open and closure 7(7.1) 6(12.2) 1(2.0)
Histology type
Adenocarcinoma, well differentiated 2(2.0) 1(2.0) 1(2.0)
Adenocarcinoma, moderately differentiated 19 (19.4) 9(18.4) 10 (20.4)
Adenocarcinoma, poorly differentiated 55 (56.1) 27 (55.1) 28 (57.1)
Signet ring cell 18 (18.4) 9(18.4) 9(18.4)
Mucinous carcinoma 2 (2.0) 1(2.0) 1(2.0)
Others 1(1.0) 1(2.0) 0
N/E 1(1.0) 1(2.0) 0
Diarrhea
Grade O, I, Il 84 (85.7) 46(93.9) 38(77.6)
Grade IlI-IV 14 (14.3) 3(6.1) 11 (22.4)
Neutropenia
Grade O, I, Il 70 (71.4) 42 (85.7) 28 ( )
Grade IlI-IV 28 (28.6) 7(14.3) 21 (42.9)
Treatment response
Complete response 3(3.1) 3(6.5) 0
Partial response 13(13.3) 8(17.4) 5(11.1)
Stable disease 33(33.7) 18 (39.1) 15(33.3)
Progressive disease 42 (42.9) 17 (37.0) 25 (55.6)
N/E 7(7.1) 3(6.5) 4(8.2)

Values are presented as number (%) or median (range).
ECOG, Eastern Cooperative Oncology Group; NE, not evaluable.

*Weekly regimen: irinotecan (50 mg/m?) + cisplatin (30 mg/m?) (weekly for 3 weeks, with a 1-week rest).
*Biweekly regimen: irinotecan (70 mg/m?) every 2 weeks + cisplatin (80 mg/m’) every 4 weeks.

men. Patients with the UGT1A7*3 polymorphism and the UG-
T1A9*22 polymorphism also showed higher incidence rates of
grade III-1V diarrhea (10/41 patients (24.39%), p = 0.041, and
13/68 patients (19.12%), p = 0.033, respectively). However, the
other polymorphisms did not show any significant associations
with grade ITII-IV diarrhea or grade III-IV neutropenia.

To determine whether the different regimens, with different
irinotecan doses and schedules, affected the pharmacogenetic as-
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sociations with UGT1A, we compared the genotypes of the two
treatment arms with respect to toxicity data. Interestingly, even
though the incidence of toxicity was higher among patients receiv-
ing the biweekly regimen, the weekly regimen seemed to contrib-
ute more to the significance of the UGTIA polymorphisms’ rela-
tionship to higher toxicity. The presence of the UGTIAI*6 allele
and UGT1A7*3 allele showed significant associations with grade
III-1V diarrhea among patients who received the weekly regimen
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(p =0.02, and p = 0.049), but not among those who received the
biweekly regimen. In patients who experienced grade ITII-IV neu-
tropenia, the UGT1A1%6, UGT1A7*3, and UGT1A9*22 polymor-
phisms showed significant associations only among those who re-
ceived the weekly regimen (p = 0.01S, p = 0.042, and p = 0.024,
respectively).

For 98 patients, we constructed diplotypes based on haplotype
analyses only with the significantly toxicity-related UGT1A poly-
morphisms: UGT1A1*6, UGT1A7*3, and UGT1A9*22. In total,
12 diplotypes were constructed, and the associations between each
diplotype and grade III-IV diarrhea or neutropenia are shown in

Table 5. Interestingly, after excluding 29 patients with wild-type
diplotypes, almost every patient (68 out of 69 patients [98.6%])
had the UGT1A9*22 polymorphism with or without the UG-
T1AI1%6 or UGT1A7*3 polymorphism. Among patients who had
any of the UGT1A1%6, UGT1A7*3 or UGT1A9*22 variants, 13 suf-
fered grade III-IV neutropenia and 23 suffered grade III-IV diar-
rhea. All patients who suffered severe toxicity associated with sig-
nificant UGT1A polymorphisms had the UGT1A9*22 polymor-
phism, as shown in a Venn diagram (Fig. 2).

Each haplotype was also assessed for its associations with clini-
cal parameters, toxicity, and tumor response, but none of the hap-

Table 5. Diplotypes constructed only with UGTTAT*6, UGT1A7*3, and UGT1A9*22 and their relationships to severe irinotecan toxicity

. Total (%) G-IV diarrhea GllI-IV neutropenia
Diplotypes (n= Ea8) No. (%) p-value No. (%) p-value
UGT1AT*1/UGT1AT*1 29 (29.6) 1(7.1) 5(17.9)
UGT1AT*1/UGT1A9*22 26 (26.5) 3(21.4) 0.46 6(21.4) 0.469
UGT1AT*1/UGT1AT*6 + UGT1A7*3 + UGT1A9*22 20 (20.4) 6(42.9) 0.024 8 (28.6) 0.205
UGT1AT*1/UGT1A7*3 + UGT1A9*22 6(6.1) 1(7.1) 0.614 2(7.14) 0.553
UGT1A9*22/UGT1A1*6 + UGT1A7*3 + UGT1A9*22 5(5.1) 2(14.3) 0.148 2(7.14) 0.444
UGT1A9*22/UGT1A9*22 2 (2.0) 0 0.733 1(3.6) 0.492
UGT1A9*22/UGT1AT*6 + UGT1A7*3 2(20 0 0.733 1(3.6) 0.492
UGTTA7*3/UGT1A1*6 + UGT1A7*3 + UGT1A9*22 2(20 0 0.733 0 0.508
UGT1A7*3 + UGT1A9*22/UGT1A1*6 + UGT1A7*3 + UGT1A9*22 2(20 0 0.857 1(3.6) 0.492
UGT1AT*6 + UGT1A7*3 + UGT1A9*22 / UGT1A1*6 + UGT1A7"3 + UGT1A9*22 2(2.0) 1(7.1) 0.267 2(7.14) 0.08
UGT1A9*22/UGT1A7*3 + UGT1A9*22 1(1.0) 0 0.857 0 0.714
UGT1AT*1/UGT1AT*6 + UGTTA7*3 1(1.0) 0 0.857 0 0.714

“The percentages of grade Ill-IV diarrhea were calculated out of the total number of patients who suffered severe toxicities (each out of 14 and 28).
*The percentages of grade IlI-IV neutropenia were calculated out of the total number of patients who suffered severe toxicities (each out of 14 and 28).

UGT1A1*6 (34)

UGT1A1*6 (9)

UGT1A1*6 (14) UGT1A7*3 (16)

Patients with UGT 1A Polymorphisms (N = 69)

Patients with G IV Diarrhea (W = 14)

Patients with G llIl-IV Neutropenia (I = 28)

Fig. 2. Venn diagram showing the distribution of UGTTA polymorphisms, patients with severe diarrhea, and patients with severe neutropenia
(total = 98). A Venn diagram shows distribution of UGTTA polymorphism patients, and their relationship with severe diarrhea and
neutropenia. Almost every patient had the UGTTA9*22 polymorphism with or without the UGT1A1*6 or UGT1A7*3 polymorphism (A). Among
patients with any UGTTA polymorphism, those who suffered severe toxicity all had the UGT1A9*22 polymorphism (B, C).
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lotypes showed any statistically significant correlations (data not
shown).

The associations of UGT1A genotypes with treatment response
were also evaluated (Supplementary Table 4). Out of 91 assessable
patients, 16 patients (17.6%) with complete or partial responses
were considered responders. There were no associations between
any UGT1A polymorphism, including haplotypes or diplotypes,
and treatment response to irinotecan-containing chemotherapy. In
addition, neither treatment regimen—based group showed any sig-
nificant associations between genotypes and responses.

Discussion

Many studies have shown that, besides tumor-specific genes, indi-
vidual genetic variations can also act as important predictors of tu-
mor response and toxicity when treating patients with antitumor
agents. For instance, with irinotecan treatment, up to 50% of West-
ern patients with the UGT1A128 allele suffered from severe neu-
tropenia [3,4], and these findings led to the recommendation to
consider a reduced initial dose for patients known to be homozy-
gous for the UGT1A1*28 allele. As such, it is very important to
understand ethnic differences between genotypes for the develop-
ment of predictive biomarkers.

In this study, we analyzed the frequencies of important subtypes
of UGT1A1, UGT1A7, and UGT1A9 in 382 Korean gastric cancer
patients. As the Korean demographic profile shows relatively high
ethnic homogeneity, we confirmed that the prevalence of UGT1A
polymorphisms in Korean gastric cancer patients shows unique
patterns compared with Western and other Asian populations. Ko-
rean cancer patients appeared to have similar frequency patterns of
the UGT1A genotype irrespectively of cancer type and appeared
to have a higher prevalence of UGT1A1%6 and UGT1A1%60 than
normal Koreans. These results might be due to the large number
of cases we investigated compared with previously reported data.
The elevated prevalence of the UGT1A1%6 allele may be a com-
mon finding in Asians [10]. The UGT1A9*22 polymorphism has
been frequently detected worldwide, especially among Korean
gastric cancer patients. Upon haplotype analyses, the haplotype
and diplotype distributions were similar to those of previously re-
ported Korean studies [11], but differed from those in Caucasians
or even other Asians [10]. These discrepancies in UGT1A poly-
morphism patterns between Koreans and Westerners or other
Asians indicate that a personalized approach is needed for each pa-
tient, considering each individual’s genetic information in terms of
irinotecan metabolism.

LD analyses showed that UGT1A1*6 exhibited a close linkage

https://doi.org/10.5808/gi.22051

with UGT1A?7 variants, especially UGT1A7W208R, which has a
mutation in UGTIA7*3 (R* = 0.725, D’ = 0.938). The UGT1A7
variants were also closely linked with UGT149*22 (R® = 0.33-
0.902, D' = 0.829-1.0). These LD analyses might explain why pa-
tients with the UGT1A7*3 and UGT1A9*22 alleles also experi-
enced more severe diarrhea when treated with irinotecan, similar
to patients with the UGT1AI%6 allele. Previous LD analyses in
Japanese cancer patients yielded similar results to those of our
study [23]. Han et al. [ 11] reported a genotype-pharmacokinetics
association analysis among irinotecan-treated Korean NSCLC pa-
tients, and the UGT1A1*6/*6, UGT1A7*3/*3, and UG-
T1A9-118(T)9/9 genotypes were associated with significantly
lower area under the time-concentration curve ratios of SN-38G
to SN-38. This Korean irinotecan pharmacokinetics study might
also explain our finding that UGT1A1*6, UGT1A7*3, and UG-
T1A9*22 were associated with severe diarrhea or neutropenia.

In agreement with a previous Korean study among NSCLC pa-
tients [11], our study showed that the UGT1A1*28 polymor-
phism was not related to the toxicity of irinotecan. This differs
from a previous Japanese study [6], which reported a 3.5-fold
higher frequency of the UGT1A17*28 allele in patients exhibiting
toxicity than in patients without this complication. Previous Chi-
nese studies also confirmed that, among esophageal cancer pa-
tients, both the UGT1A1*6 and UGT1A1*28 variants were related
to severe neutropenia [12]. However, among Chinese gastric can-
cer patients treated with irinotecan, only the UGT1AI*6 variant
was related to severe neutropenia. It is not clear whether the close
association between irinotecan toxicity and the UGT1A1%6 poly-
morphism alone, but not the UGT1A1*28 polymorphism, is limit-
ed to Korean cancer patients or gastric cancer patients.

Although genotyping every patient who receives irinotec-
an-based chemotherapy is not currently recommended, there is no
doubt that instituting such a practice would yield significant bene-
fits. To do this, it would be important to know which polymor-
phisms we should genotype in order to predict who will suffer
from irinotecan-related toxicity. The UGT1A1%6, UGT1A7*3, and
UGT1A9"22 genotypes were shown to be related to severe toxicity
concordant with a Japanese study of FOLFIRI-treated colorectal
cancer patients [24]. When we constructed diplotypes based only
on these three important UGT1A polymorphisms, we interesting-
ly found that UGT1A9*22 was assigned to almost every diplotype
if the patient had any one of those three UGT1A polymorphisms.
This suggests that, by genotyping UGT1A922, we might expect
to find any individuals with one of the UGT1A polymorphisms
that are significantly related to irinotecan toxicity. To our knowl-
edge, no previous study has shown this relationship or the impor-
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tance of UGT1A9*22. Only one study was previously reported re-
garding the associations of UGT1A polymorphisms with irinotecan
toxicity among gastric cancer patients [12]. However, only 42 pa-
tients were analyzed, with limitations such as heterogeneous chemo-
therapy regimens that were used, and the UGT1A9*22 polymor-
phism was not genotyped among patients in that previous study.
Previously reported Asian data suggested that the UGT1A1%6 poly-
morphism was associated with severe irinotecan-related toxicity
[5,11-13,24], which was never observed in Western populations. A
more interesting finding is that patients who suffered severe forms of
toxicity that have previously been known to be associated with any
of the significant UGT1A polymorphisms all had the UGT1A9*22
polymorphism, which confers more importance to the UGT1A9*22
polymorphism as a predictive marker for gastric cancer patients at
high risk for irinotecan toxicity. Since a recent report concluded that
UGT1A1 polymorphisms are more important in liver SN-38 glucu-
ronidation than UGT1A9 [25], our conclusion highlighting the im-
portance of UGT1A9*22 may not be because of its function but be-
cause of its close linkage with UGT1AI1*6 and UGT1A7*3. None-
theless, in view of the ability to predict toxicity, UGT1A9*22 will act
as a good surrogate marker. Although only about 20% to 30% of pa-
tients who had the UGT1A9*22 polymorphism suffered severe tox-
icity, by classifying these patients as a high-risk group for irinotecan
toxicity, clinicians could follow these patients more closely for severe
diarrhea or neutropenia. Screening for UGT1A1%6 indeed identifies
some high-risk patients, but it still cannot account for the majority;
whereas screening for UGT1A9*22 will reveal a higher proportion
of high-risk patients.

Choosing the optimal drug dose levels is important in chemo-
therapy. Stewart et al. [26] showed that the UGT1AI promoter
genotype had no correlation with severe toxicity when patients re-
ceived low-dose (15-75 mg/m”) irinotecan. It is also important to
consider the regimen and treatment plan, especially when combin-
ing irinotecan with other agents. Table 4 clearly shows that the bi-
weekly regimen was associated with a higher incidence of severe
diarrhea or neutropenia. There was no significant difference in the
delivered dose of irinotecan (weekly regimen, mean = 32.1 mg/
m’/wk [range, 12.5 to 84.7]; biweekly regimen, mean = 32.1 mg/
m’/wk [range, 17.5 to 53.1]), and relative dose intensity (weekly
regimen, 85.5%; biweekly regimen, 86.9%). Combining drugs
might also play an important role, because platinum anti-neoplas-
tic agents also induce gastrointestinal toxicity and myelo-suppres-
sion. One more factor to consider is whether a reduced dose of
irinotecan has efficacy in patients with certain UGT1A polymor-
phisms (for example, UGT1A1*28 for Europeans or UGT1AI*6
and UGT1A9*22 for Koreans), or whether they should receive an
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alternative drug. A well-designed large prospective study might be
needed to determine the optimal dose and regimen based on phar-
macogenetics.

In summary, our study shows a unique UGTIA genotype pat-
tern in Korean gastric cancer patients and suggests that the pres-
ence of the UGT1A1*6, UGT1A7*3, and UGT1A9*22 polymor-
phisms in gastric cancer patients receiving irinotecan-containing
treatment was significantly associated with severe toxicity. Of par-
ticular note, using haplotype and diplotype analysis, we suggest
that only by genotyping UGT1A9*22 polymorphisms will clini-
cians be able to identify high-risk patients who might suffer severe
forms of toxicity significantly related to UGT1A polymorphisms,
especially among gastric cancer patients receiving irinotecan-con-
taining chemotherapy. Once these patients are recognized as being
a high-risk group for irinotecan toxicity, we can closely monitor
them for severe diarrhea or neutropenia and provide appropriate
management. Even though we are in a targeted—agent era, conven-
tional cytotoxic agents still play major roles in treating cancer pa-
tients. Our study results indicate that a pharmacogenetic-based ap-
proach could lead to effective personalized anticancer treatment
for advanced gastric cancer patients, especially when they are

treated with an irinotecan- containing regimen.

ORCID

Choong-kun Lee: https://orcid.org/0000-0001-5151-5096
Hong Jae Chon: https://orcid.org/0000-0002-6979-5812
Woo Sun Kwon: https://orcid.org/0000-0003-0268-5624
Hyo-Jeong Ban: https://orcid.org/0000-0002-4914-887X
Sang Cheol Kim: https://orcid.org/0000-0003-4389-9178
Hyunwook Kim: https://orcid.org/0000-0002-9560-4768
Hei-Cheul Jeung: https://orcid.org/0000-0003-0952-3679
Jimyung Chung: https://orcid.org/0000-0002-1184-7085
Sun Young Rha: https://orcid.org/0000-0002-2512-4531

Authors' Contribution

Conceptualization: SYR, HCJ, CKL, HJC, WSK. Data curation:
CKL, HCJ, WSK, HK, JC. Formal analysis: HJB, SCK, HJC. Fund-
ing acquisition: SYR. Methodology: WSK, CKL, HK, JC. Writing -
original draft: CKL, SYR. Writing - review & editing: CKL, SYR, JC.

Conflicts of Interest

No potential conflict of interest relevant to this article was report-
ed.

https://doi.org/10.5808/gi.22051


http://orcid.org/0000-0001-5151-5096
https://doi.org/10.5808/gi.22051

Genomics & Informatics 2022;20(3):e29

Genomics & INFoOrRMATICS

Accession Numbers

The accession numbers of the gene sequences reported in this pa-
per are UGTIAI (NM_000463.2), UGTIA7 (NM_019077.3)
and UGT1A9 (NM_021027.3).

Acknowledgments

This work was supported by a National Research Foundation of
Korea (NRF) grant funded by the Korean government (MSIT)
(2020R1A2B5B02001452) and by a grant from the National
R&D Program for Cancer Control, Ministry of Health and Wel-
fare, Republic of Korea (HA15C0005).

Supplementary Materials

Supplementary data can be found with this article online at http://

www.genominfo.org,

References

1. Mathijssen RH, van Alphen RJ, Verweij ], Loos W], Nooter K,
Stoter G, et al. Clinical pharmacokinetics and metabolism of
irinotecan (CPT-11). Clin Cancer Res 2001;7:2182-2194.

2. Nagar S, Blanchard RL. Pharmacogenetics of uridine diphospho-
glucuronosyltransferase (UGT) 1A family members and its role
in patient response to irinotecan. Drug Metab Rev 2006;38:393-
409.

3. Karas S, Innocenti F. All you need to know about UGTIAI ge-
netic testing for patients treated with irinotecan: a practi-
tioner-friendly guide. JCO Oncol Pract 2022;18:270-277.

4. Innocenti F, Undevia SD, Iyer L, Chen PX, Das S, Kocherginsky
M, et al. Genetic variants in the UDP-glucuronosyltransferase
1A1 gene predict the risk of severe neutropenia of irinotecan. J
Clin Oncol 2004;22:1382-1388.

5. Onoue M, Terada T, Kobayashi M, Katsura T, Matsumoto S, Yan-
agihara K et al. UGT1AI*6 polymorphism is most predictive of
severe neutropenia induced by irinotecan in Japanese cancer pa-
tients. Int J Clin Oncol 2009;14:136-142.

6. Ando Y, Saka H, Ando M, Sawa T, Muro K, Ueoka H, et al. Poly-
morphisms of UDP-glucuronosyltransferase gene and irinotecan
toxicity: a pharmacogenetic analysis. Cancer Res 2000;60:6921-
6926.

7. Sai K, Saeki M, Saito Y, Ozawa S, Katori N, Jinno H, et al. UG-
T1A1 haplotypes associated with reduced glucuronidation and
increased serum bilirubin in irinotecan-administered Japanese

https://doi.org/10.5808/gi.22051

patients with cancer. Clin Pharmacol Ther 2004;75:501-515.

8. Strassburg CP, Vogel A, Kneip S, Tukey RH, Manns MP. Poly-
morphisms of the human UDP-glucuronosyltransferase (UGT)
1A7 gene in colorectal cancer. Gut 2002;50:851-856.

9. Gagne JF, Montminy V, Belanger P, Journault K, Gaucher G,
Guillemette C. Common human UGT1A polymorphisms and
the altered metabolism of irinotecan active metabolite 7-eth-
yl-10-hydroxycamptothecin (SN-38). Mol Pharmacol 2002;62:
608-617.

10. Innocenti F, Liu W, Chen P, Desai AA, Das S, Ratain MJ. Haplo-

types of variants in the UDP-glucuronosyltransferase1A9 and
1A1 genes. Pharmacogenet Genomics 2005;15:295-301.

11. Han JY, Lim HS, Shin ES, Yoo YK, Park YH, Lee JE, et al. Com-

prehensive analysis of UGT1A polymorphisms predictive for
pharmacokinetics and treatment outcome in patients with non-
small-cell lung cancer treated with irinotecan and cisplatin. ] Clin
Oncol 2006;24:2237-2244.

12. Gao J, Zhou J, Li Y, Peng Z, Li Y, Wang X, et al. Associations be-

tween UGT1AI%6/*28 polymorphisms and irinotecan-induced
severe toxicity in Chinese gastric or esophageal cancer patients.
Med Oncol 2013;30:630.

13. Park SR, Kong SY, Rhee J, Park YI, Ryu KW, Lee JH, et al. Phase

II study of a triplet regimen of S-1 combined with irinotecan and
oxaliplatin in patients with metastatic gastric cancer: clinical and
pharmacogenetic results. Ann Oncol 2011;22:890-896.

14. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global

cancer statistics. CA Cancer J Clin 2011;61:69-90.

15. Jeung HC, Rha SY, Noh SH, Roh JK, Chung HC. A phase II trial

of weekly fractionated irinotecan and cisplatin for advanced gas-
tric cancer. Cancer Chemother Pharmacol 2007;59:313-320.

16. Im CK, Rha SY, Jeung HC, Ahn JB, Shin SJ], Noh SH, et al. A

phase II study of a combined biweekly irinotecan and monthly
cisplatin treatment for metastatic or recurrent gastric cancer. Am
J Clin Oncol 2010;33:56-60.

17.Yea SS, Lee SS, Kim WY, Liu KH, Kim H, Shon JH, et al. Genetic

variations and haplotypes of UDP-glucuronosyltransferase 1A
locus in a Korean population. Ther Drug Monit 2008;30:23-34.

18. Kim JO, Shin JY, Lee MA, Chae HS, Lee CH, Roh JS, et al. Ge-

netic polymorphisms of UGT1A and their association with clini-
cal factors in healthy Koreans. Genomics Inform 2007;5.4:161-
167.

19. Oh SY, Kim YB, Chun MS, Suh KW. The efficacy of UGT1A1I

polymorphism in chemoradiation therapy using irinotecan in pa-
tients with locally advanced rectal cancer. ] Korean Soc Coloproc-
tol 2007;23:344-349.

20. Huang MJ, Yang SS, Lin MS, Huang CS. Polymorphisms of uri-

11/12


www.genominfo.org.
https://www.ncbi.nlm.nih.gov/pubmed/11489791
https://www.ncbi.nlm.nih.gov/pubmed/11489791
https://www.ncbi.nlm.nih.gov/pubmed/11489791
https://doi.org/10.1080/03602530600739835
https://doi.org/10.1080/03602530600739835
https://doi.org/10.1080/03602530600739835
https://doi.org/10.1200/op.21.00624
https://doi.org/10.1200/op.21.00624
https://doi.org/10.1200/op.21.00624
https://doi.org/10.1200/jco.2004.07.173
https://doi.org/10.1200/jco.2004.07.173
https://doi.org/10.1200/jco.2004.07.173
https://doi.org/10.1200/jco.2004.07.173
https://doi.org/10.1007/s10147-008-0821-z
https://doi.org/10.1007/s10147-008-0821-z
https://doi.org/10.1007/s10147-008-0821-z
https://doi.org/10.1007/s10147-008-0821-z
https://www.ncbi.nlm.nih.gov/pubmed/11156391
https://www.ncbi.nlm.nih.gov/pubmed/11156391
https://www.ncbi.nlm.nih.gov/pubmed/11156391
https://www.ncbi.nlm.nih.gov/pubmed/11156391
https://www.ncbi.nlm.nih.gov/pubmed/15179405
https://www.ncbi.nlm.nih.gov/pubmed/15179405
https://www.ncbi.nlm.nih.gov/pubmed/15179405
https://doi.org/10.1136/gut.50.6.851
https://doi.org/10.1136/gut.50.6.851
https://doi.org/10.1136/gut.50.6.851
https://doi.org/10.1124/mol.62.3.608
https://doi.org/10.1124/mol.62.3.608
https://doi.org/10.1124/mol.62.3.608
https://doi.org/10.1124/mol.62.3.608
https://doi.org/10.1124/mol.62.3.608
https://doi.org/10.1097/01213011-200505000-00004
https://doi.org/10.1097/01213011-200505000-00004
https://doi.org/10.1097/01213011-200505000-00004
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1200/jco.2005.03.0239
https://doi.org/10.1007/s12032-013-0630-8
https://doi.org/10.1007/s12032-013-0630-8
https://doi.org/10.1007/s12032-013-0630-8
https://doi.org/10.1007/s12032-013-0630-8
https://doi.org/10.1093/annonc/mdq435
https://doi.org/10.1093/annonc/mdq435
https://doi.org/10.1093/annonc/mdq435
https://doi.org/10.1093/annonc/mdq435
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.1007/s00280-006-0272-z
https://doi.org/10.1007/s00280-006-0272-z
https://doi.org/10.1007/s00280-006-0272-z
https://doi.org/10.1097/coc.0b013e31819fe216
https://doi.org/10.1097/coc.0b013e31819fe216
https://doi.org/10.1097/coc.0b013e31819fe216
https://doi.org/10.1097/coc.0b013e31819fe216
https://doi.org/10.1097/ftd.0b013e3181633824
https://doi.org/10.1097/ftd.0b013e3181633824
https://doi.org/10.1097/ftd.0b013e3181633824
https://doi.org/10.3393/jksc.2007.23.5.344
https://doi.org/10.3393/jksc.2007.23.5.344
https://doi.org/10.3393/jksc.2007.23.5.344
https://doi.org/10.3393/jksc.2007.23.5.344
https://doi.org/10.3748/wjg.v11.i6.797
https://doi.org/10.5808/gi.22051

Lee CKetal. ® UGT1A922 genotype and irinotecan toxicity

Genomics & INFORMATICS

dine-diphosphoglucuronosyltransferase 1A7 gene in Taiwan
Chinese. World ] Gastroenterol 2005;11:797-802.

21. Saito Y, Sai K, Maekawa K, Kaniwa N, Shirao K, Hamaguchi T, et
al. Close association of UGT1A9 IVS1+399C>T with UG-
T1A1*28, *6, or *60 haplotype and its apparent influence on
7-ethyl-10-hydroxycamptothecin (SN-38) glucuronidation in
Japanese. Drug Metab Dispos 2009;37:272-276.

22. Carlini LE, Meropol NJ, Bever J, Andria ML, Hill T, Gold P, et al.
UGT1A7 and UGT1A9 polymorphisms predict response and
toxicity in colorectal cancer patients treated with capecitabine/
irinotecan. Clin Cancer Res 2005;11:1226-1236.

23. Fujita K, Ando Y, Nagashima F, Yamamoto W, Eodo H, Araki K,
et al. Genetic linkage of UGT1A7 and UGT1A9 polymorphisms
to UGT1AI6 is associated with reduced activity for SN-38 in

12/12

Japanese patients with cancer. Cancer Chemother Pharmacol
2007;60:515-522.

24. Hazama S, Mishima H, Tsunedomi R, Okuyama Y, Kato T, Taka-
hashi K, et al. UGT1AI%6, 1A7*3, and 1A9*22 genotypes predict
severe neutropenia in FOLFIRI-treated metastatic colorectal
cancer in two prospective studies in Japan. Cancer Sci 2013;104:
1662-1669.

25.Wang H, Bian T, Jin T, Chen Y, Lin A, Chen C. Association analy-
sis of UGT1A genotype and haplotype with SN-38 glucuronida-
tion in human livers. Pharmacogenomics 2014;15:785-798.

26. Stewart CF, Panetta JC, O'Shaughnessy MA, Throm SL, Fraga
CH, Owens T, et al. UGT1AI promoter genotype correlates with
SN-38 pharmacokinetics, but not severe toxicity in patients re-
ceiving low-dose irinotecan. J Clin Oncol 2007;25:2594-2600.

https://doi.org/10.5808/gi.22051


https://doi.org/10.3748/wjg.v11.i6.797
https://doi.org/10.3748/wjg.v11.i6.797
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1124/dmd.108.024208
https://doi.org/10.1158/1078-0432.1226.11.3
https://doi.org/10.1158/1078-0432.1226.11.3
https://doi.org/10.1158/1078-0432.1226.11.3
https://doi.org/10.1158/1078-0432.1226.11.3
https://doi.org/10.1007/s00280-006-0396-1
https://doi.org/10.1007/s00280-006-0396-1
https://doi.org/10.1007/s00280-006-0396-1
https://doi.org/10.1007/s00280-006-0396-1
https://doi.org/10.1007/s00280-006-0396-1
https://doi.org/10.1111/cas.12283
https://doi.org/10.1111/cas.12283
https://doi.org/10.1111/cas.12283
https://doi.org/10.1111/cas.12283
https://doi.org/10.1111/cas.12283
https://doi.org/10.2217/pgs.14.29
https://doi.org/10.2217/pgs.14.29
https://doi.org/10.2217/pgs.14.29
https://doi.org/10.1200/jco.2006.10.2301
https://doi.org/10.1200/jco.2006.10.2301
https://doi.org/10.1200/jco.2006.10.2301
https://doi.org/10.1200/jco.2006.10.2301
https://doi.org/10.5808/gi.22051

