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Abstract
AIM: To evaluate effects of UDP-glucuronosyltransfera-
se1A1 (UGT1A1) and thymidylate synthetase (TS) gene 
polymorphisms on irinotecan in metastatic colorectal 
cancer (mCRC).

METHODS: Two irinotecan- and fluorouracil-based 
regimens, FOLFIRI and IFL, were selected as second-

line therapy for 138 Chinese mCRC patients. Genomic 
DNA was extracted from peripheral blood samples be-
fore treatment. UGT1A1 and TS gene polymorphisms 
were determined by direct sequencing and restriction 
fragment length polymorphism, respectively. Gene poly-
morphisms of UGT1A1*28, UGT1A1*6 and promoter 
enhancer region of TS were analyzed. The relationship 
between genetic polymorphisms and clinical outcome, 
that is, response, toxicity and survival were assessed. 
Pharmacokinetic analyses were performed in a subgroup 
patients based on different UGT1A1 genotypes. Plasma 
concentration of irinotecan and its active metabolite 
SN-38 and inactive metabolite SN-38G were determined 
by high performance liquid chromatography. Differences 
in irinotecan and its metabolites between UGT1A1 gene 
variants were compared. 

RESULTS: One hundred and eight patients received 
the FOLFIRI regimen, 29 the IFL regimen, and one iri-
notecan monotherapy. One hundred and thirty patients 
were eligible for toxicity and 111 for efficacy evalua-
tion. One hundred and thirty-six patients were tested 
for UGT1A1*28 and *6 genotypes and 125 for pro-
moter enhancer region of TS. Patients showed a higher 
frequency of wild-type UGT1A1*28 (TA6/6) compared 
with a Caucasian population (69.9% vs  45.2%). No sig-
nificant difference was found between response rates 
and UGT1A1 genotype, although wild-type showed 
lower response rates compared with other variants 
(17.9% vs  24.2% for UGT1A1*28, 15.7% vs  26.8% for 
UGT1A1*6). When TS was considered, the subgroup 
with homozygous UGT1A1*28 (TA7/7) and non-3RG 
genotypes showed the highest response rate (33.3%), 
while wild-type UGT1A1*28 (TA6/6) with non-3RG only 
had a 13.6% response rate, but no significant differ-
ence was found. Logistic regression showed treatment 
duration was closely linked to clinical response. In tox-
icity comparison, UGT1A1*28 TA6/6 was associated 
with lower incidence of grade 2-4 diarrhea (27.8% vs  
100%), and significantly reduced the risk of grade 4 
neutropenia compared with TA7/7 (7.8% vs  37.5%). 
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Wild-type UGT1A1*6 (G/G) tended to have a lower in-
cidence of grade 3/4 diarrhea vs  homozygous mutant 
(A/A) genotype (13.0% vs  40.0%). Taking UGT1A1 and 
TS  genotypes together, lower incidence of grade 2-4 
diarrhea was found in patients with non-3RG TS geno-
types, when TA6/6 was compared with TA7/7 (35.3% 
vs  100.0%). No significant association with time to pro-
gression (TTP) and overall survival (OS) was observed 
with either UGT1A1 or TS  gene polymorphisms, al-
though slightly longer TTP and OS were found with UG-
T1A1*28 (TA6/6). Irinotecan PK was investigated in 34 
patients, which showed high area under concentration 
curve (AUC) of irinotecan and SN-38, but low AUC ratio 
(SN-38G / SN-38) in those patients with UGT1A1*28 
TA7/7.

CONCLUSION: A distinct distribution pattern of UG-
T1A1  genotypes in Chinese patients might contribute 
to relatively low toxicity associated with irinotecan and 
5-fluorouracil in mCRC patients. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The current management of  metastatic colorectal cancer 
(mCRC) uses fluorouracil-based regimens in combination 
with either oxaliplatin or irinotecan. These regimens main-
ly differ in their toxicity profiles with neutropenia and late 
diarrhea being associated with irinotecan-based therapy 
versus neurotoxicity with oxaliplatin-based treatment.

In our previous studies on the relationship of  UDP-
glucuronosyltransferase1A1 (UGT1A1) polymorphisms 
and irinotecan-related diarrhea, we found that UGT1A1*28 
genotype was significantly associated with the occurrence 
of  diarrhea, while the polymorphisms of  UGT1A7 and 
UGT1A9 variants were found to be unrelated. Mutated 
UGT1A1*28 genotype was seen infrequently in the Chi-
nese population, therefore, this might explain the lower 

incidence of  late diarrhea in our patients treated with iri-
notecan compared to that in the Caucasian population[1,2]. 
However, the role of  UGT1A in clinical response to iri-
notecan- and 5-fluorouracil (5-FU)-based treatment, non-
diarrhea toxicities and prognosis remains unclear. In addi-
tion, thymidylate synthetase (TS), the enzyme targeted by 
5-FU, deserves more attention because most patients that 
receive irinotecan are treated with irinotecan and 5-FU in 
combination.

UGT1A polymorphisms have become the focus of  
irinotecan pharmacokinetics and toxicity research be-
cause they are involved in metabolism of  cytotoxic SN-38 
(an active metabolite of  irinotecan) to inactive SN-38 
glucuronide (SN-38G) (Figure 1). Di Paolo et al[3] have 
demonstrated that UGT1A1 polymorphisms are closely 
correlated with glucuronidation rates, and patients with 
higher concentration of  SN-38G are less susceptible to 
irinotecan-induced toxicity. Although, several clinical trials 
have confirmed that patients carrying different genotypes 
of  UGT1A1 had varied degrees of  tolerance to irinote-
can, it is still unclear whether UGT1A1 has any influence 
on treatment efficacy. Three studies tested if  UGT1A1 
isoforms had any impact on treatment outcome, however, 
their conclusions were inconsistent[4-6]. 

Irinotecan is often combined with 5-FU in mCRC 
treatment, therefore, 5-FU should be taken into consid-
eration for response and toxicity evaluation as well. In 
vivo, the active metabolite of  5-FU inhibits TS activity by 
forming complexes with TS and 5, 10-methylene-tetrahy-
drofolate (Figure 1)[7]. Evidence supports the determinant 
role of  TS promoter region polymorphism in 5-FU treat-
ment efficacy and tolerance[8,9]. Given higher accuracy and 
consistency in testing polymorphisms, tremendous efforts 
have been put into using TS polymorphism as a genetic 
marker for predicting clinical response, toxicity and prog-
nosis in mCRC patients treated with 5-FU[10-13]. 

This study aimed to evaluate the effects of  UGT1A1/
TS polymorphisms in Chinese mCRC patients treated 
with irinotecan and fluorouracil including toxicity and 
clinical outcome. 

MATERIALS AND METHODS
Drug administration
Two regimens were selected for this study: (1) FOLFIRI: 
irinotecan (Camptosar; Pfizer, United States) 180 mg/m2 
90-min i.v. infusion on day 1; leucovorin 200 mg/m2 i.v. 
infusion on days 1 and 2; followed on days 1 and 2 by 
5-FU 400 mg/m2 i.v. bolus, then 600 mg/m2 i.v. over 22 
h continuous infusion; repeated every 2 wk; (2) IFL: iri-
notecan 125 mg/m2 as a 90-min i.v. infusion on days 1, 8, 
15 and 22; leucovorin 20 mg/m2 i.v. infusion on days 1, 
8, 15 and 22; 5-FU 500 mg/m2 i.v. bolus on days 1, 8, 15 
and 22; every 6 wk.

Patient eligibility
The criteria for inclusion were: at least 18 years old; histo-
logically confirmed mCRC; failed or intolerant to oxalipl-
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atin-based regimens; the Eastern Cooperative Oncology 
Group (ECOG) performance status 0-2; no chemothera-
py at least 4 wk before study enrollment; life expectancy > 
3 mo; neutrophil count ≥ 1.5 × 109/L, platelet count ≥ 
8 × 1010/L, serum creatinine ≤ 1.25 upper limit normal 
(ULN), total bilirubin ≤ 1.25 ULN, alanine aminotrans-
ferase and aspartate aminotransferase ≤ 2.5 ULN (≤ 5 
ULN with liver metastasis); normal electrocardiogram. 
Written informed consent was required and the study was 
performed in accordance with the Declaration of  Hel-
sinki and Good Clinical Practice guidelines. All patients’ 
information and samples were collected from trial partici-
pating centers.

Evaluation of response and toxicity
Tumor response was assessed by RECIST 1.0[14] based 
on the results of  computed tomography. Time to pro-
gression (TTP) was defined as the time from the start 
of  treatment to the date of  progression. Overall survival 
(OS) was defined as the time from the start of  the treat-
ment to the date of  death. Toxicity was assessed accord-
ing to the NCI-CTC 3.0[15].

Genomic DNA extraction, polymerase chain reaction 
and genotyping assay
Two-milliliter peripheral blood samples were collected 
before starting treatment and frozen at -20 ℃. Genomic 
DNA was extracted from these samples using the Pe-
ripheral Blood Extraction Kit (Tiangen, China). The 
fragments of  UGT1A1*28 and UGT1A1*6 were ampli-
fied by polymerase chain reaction (PCR). The Primer 5.0 
software was used to design the sense primer (5’-GC-
CAGTTCAACTGTTGTTGC-3’) and antisense primer 
(5’-GTCCGTCAGCATGACATCAA-3’). Each 25-μL 
PCR reaction mixture included 5 ng DNA template, 1 
mmol/L dNTPs, 0.4 mmol/L MgSO4, 0.25 μmol/L 
primers, 0.5 U KOD-plus polymerase (TOYOBO, Japan) 
and 10 × KOD plus buffer. The PCR profile included 2.5 
min denaturation at 94 ℃, 35 cycles of  30 s at 94 ℃, 60 
s at 57 ℃, 60 s at 68 ℃, with a final 7-min extension at 
68 ℃. The PCR products were sequenced by ABI-3730 
DNA analyzer and all single-nucleotide polymorphisms 
(SNPs) were analyzed by Polyphred 5.04 with additional 
manual proofreading.

Restriction fragment length polymorphism testing for 
promoter enhancer region of TS
Promoter enhancer region of  2R or 3R and G>C SNP in 
3R were selected for testing. PCR-based restriction fragment 
length polymorphism was applied to detect these variants. 
The PCR conditions were same as described above with 
sense primer of  5’-GTGGCTCCTGCGTTTCCCCC-3’ 
and antisense primer of  5’-GCTCCGAGCCGGCCACAG-
GCATGGCGCGG-3’. The PCR profile included initial 15 
cycles with annealing temperature at 63 ℃, and another 30 
cycles with annealing temperature at 62 ℃. The PCR prod-
ucts were electrophoresized in 3% agarose gel to differenti-
ate 215-bp 2R genotype and 243-bp 3R genotype. 3R gene 
polymorphism was detected via electrophoresis after enzyme 
digestion. After HaeⅢ treatment, 3RG genotype was sepa-
rated to fragments of  66, 47, 45, 44, 28 and 13 bp, whereas 
3RC genotype was separated to fragments of  94, 47, 45, 44 
and 13 bp. The 20-μL reaction system contained 1 μL Hae
Ⅲ Takara), 2 μL 10 × M buffer, 17 μL purified PCR prod-
ucts for 37 ℃ overnight incubation.

Pharmacokinetics study
Five-milliliter heparinized blood samples were collected 
before administration of  irinotecan, 1 and 1.5 h during 
infusion, and 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, 60 
and 72 h after termination of  infusion. Plasma samples 
were obtained by 3000 r/min centrifugation for 10 min 
and kept at -40 ℃. The concentrations of  the drug and 
its metabolites were determined by high performance 
liquid chromatography with postcolumn fluorescence 
derivatization (HPLC-FLD). Two hundred microliters 
plasma was added to 50 μL 1 ng/mL camptothecin, 150 
μL methanol, and 200 μL acetonitrile, and vortexed for 2 
min. The mixture was then centrifuged at 15 000 r/min 
for 10 min. Supernatant (200 μL) was placed with 100 μL 
1 mol/L HCl before HPLC analysis. Agilent 1100 chro-
matographic system consisted of  quaternary pumps, an 
automatic sample injection system, fluorescence detector, 
and Znertsil ODS-C18 Column. The mobile phases were 
eluted through the column and contained acetonitrile-
sterile water (75:75 by volume) and phosphate buffer at 
pH 4. Irinotecan was kindly donated by Pfizer and camp-
tothecin was provided by National Institute for the Con-
trol of  Pharmaceutical and Biological Products. SN-38 
was synthesized by Shanghai Zhangjiang Biochemical 
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Figure 1  Schematic diagram of UDP-glucuro-
nosyltransferase1A1 and thymidylate syn-
thetase. A: UDP-glucuronosyltransferase1A1 
(UGT1A1) is the main enzyme involved in the 
glucuronidation of SN-38 (SN-38G). Single-
nucleotide polymorphisms (SNPs) of UGT1A1 
are the key factor in irinotecan metabolism; B: 
Thymidylate synthetase (TS) is the main target 
of 5-fluorouracil (5-FU). The ternary complex 
of TS, active metabolite of 5-FU (FdUMP) and 
methyl-tetra-hydrofolic acid (MTHF) inhibits DNA 
synthesis. SNP of TS affects the expression of 
enzyme and 5-FU efficacy. CES: Carboxylester-
ases; TOP1: Topoisomerase-1.
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Company. Blank human plasma was obtained from Blood 
bank of  307 Hospital. The lowest limit of  quantification 
of  irinotecan, SN-38 and SN-38G were 50 ng/mL, 1.25 
ng/mL and 5 ng/mL, respectively, with within-day and 
between-day imprecision < 15%. Cmax and Tmax were ob-
served values. AUC0→t was acquired by linear trapezoidal 
approximation. AUC0→∞ = AUC0→t + Ct/ke. 

Statistical analysis
The χ 2 test was used to determine if  the allele frequen-
cies were matched to Hardy-Weinberg equilibrium. As-
sociations between genotypes, clinical response and tox-
icity in Chinese and Caucasian populations were assessed 
by using Fisher’s exact test and Cochran-Armitage trend 
test. Kaplan-Meier estimates and the log-rank test were 
used in TTP and OS analysis. Cox regression and logistic 
regression models were examined in multivariate analysis 
with and without time variables, respectively. The linkage 
between genotypes and pharmacokinetic parameters was 
analyzed by Mann-Whitney U and Kruskal-Wallis tests. 
Two-sided tests were used to determine statistically sig-
nificant P values (P < 0.05) using SPSS 13.0 software.

RESULTS
Between September 2005 and April 2009, 138 mCRC pa-
tients were enrolled. Of  these, 130 patients were eligible 
for toxicity evaluation and 111 qualified for treatment ef-
ficacy evaluation. Of  138 patients, 108 received the FOL-
FIRI regimen, 29 the IFL regimen, and one irinotecan 
monotherapy. The median age of  patients was 52 years 
(range: 26-81 years) with 63% being male. One hundred 
and eleven patients were followed until cancer progres-
sion or death. The overall response rate (complete + par-
tial response) was 19.5%. The median TTP was 5.6 mo 
(95%CI: 3.9-7.3) and the median OS was 17 mo (95%CI: 
11.9-22.1). The incidence of  grade 3/4 neutropenia was 
29.5%, and 17.4% participants developed grade 3/4 late 
diarrhea. However, the incidences in the FOLFIRI regi-
men were decreased, with 21.8% grade 3/4 neutropenia 

(95%CI: 13.7%-29.9%) and 10.9% grade 3/4 late diar-
rhea (95%CI: 4.8%-16.9%).
 
UGT1A1 and TS polymorphisms correlation with clinical 
response
We tested UGT1A1 genotypes in 136 patients and TS 
promoter enhancer region in 125 (Figure 2). We observed 
that the response rates of  UGT1A1*28 alleles TA6/6 and 
TA6/7 + TA7/7 were 17.9% and 24.2%, respectively, and 
those of  UGT1A1*6 alleles G/G and G/A + A/A were 
15.7% and 26.8%, respectively, without statistical signifi-
cance observed. 

Based on mRNA transcriptional activity, TS was cat-
egorized into 3RG/3RG homozygous group with high-
est activity, 3RG heterozygous group (3RG/3RC and 
3RG/2RG) with median activity, and non-3RG group 
(3RC/3RC, 3RC/2RG and 2RG/2RG) with lowest activi-
ty. Although not statistically significant, 3RG/3RG homo-
zygous group was found with lowest response rate (17.6%) 
(Table 1). Taking UGT1A1 and TS genotypes together, 
the subgroup with TA7/7 and non-3RG genotypes 
showed the highest response rate of  33.3%. Furthermore, 
under the same non-3RG background, no significant dif-
ference in response rate was found between TA6/6 and 
TA7/7 (13.6% vs 33.3%, P = 0.154) (Table 2). A multivari-
ate logistic regression model was fitted to our data. The 
covariates included: chemotherapy regimen, treatment 
duration, ECOG performance status, sex, age, UGT1A1 
genotypes, and TS promoter enhancer region, but only 
treatment duration (odds ratio 1.268, 95%CI: 1.027-1.565, 
P = 0.027) was closely linked to clinical response. 

UGT1A1 polymorphisms correlation with toxicity
The enzyme activities of  UGT1A1*28 alleles from high-
est to lowest were TA6/6, TA6/7 and TA7/7. TA7/7 
showed the highest incidence of  grade 2-4 late diarrhea 
(P < 0.0005). Compared with TA6/6, the risk ratio of  
TA6/7 and TA7/7 was 2.6 (95%CI: 1.20-5.63). Although 
not statistically significant, a trend of  higher incidence of  
grade 3/4 diarrhea was observed in patients with lower 
activity genotypes. A similar finding was obtained in the 
UGT1A1*6 study. G/G with the highest activity was as-
sociated with lowest incidence of  grade 3/4 diarrhea (trend 
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  Genotypes
Tumor response

n  (%) P  value1

  UGT1A1*28
     TA 6/6 14 (17.9) 0.446
     TA 6/7, TA 7/7   8 (24.2)
  UGT1A1*6
     G/G 11 (15.7) 0.217
     G/A, A/A 11 (26.8)
  TS promotor
     3RG/3RG   3 (17.6) 0.880
     3RG/3RC, 3RG/2RG   5 (23.8)
     3RC/3RC, 3RC/2RG, 2RG/2RG 12 (19.4)

Table 1  Association of UDP-glucuronosyltransferase1A1 and 
thymidylate synthetase genotypes with tumor response

  UGT1A1*28
TS promoter

3RG/3RG 3RG/3RC, 
3RG/2RG

3RC/3RC, 3RC/2RG, 
2RG/2RG

  TA6/6 2/11 (18.1)        4/13 (30.8)              6/44 (13.6)
  TA6/7   1/4 (25)          1/6 (16.7)              5/15 (33.3)
  TA7/7   0/2 (0)          0/2 (0)                1/3 (33.3)

Table 2  Association of UDP-glucuronosyltransferase1A1 in 
combination with thymidylate synthetase genotypes with tu-
mor response

1Fisher’s exact test for all genotypes. Tumor response including complete 
and partial response, 111 patients were assessable for tumor response. 
UGT1A1: UDP-glucuronosyltransferase1A1; TS: Thymidylate synthetase.

Tumor response including complete and partial response, 111 patients 
were assessable for tumor response, no significant difference was found 
(Fisher’s exact test). UGT1A1: UDP-glucuronosyltransferase1A1; TS: Thy-
midylate synthetase.
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test P = 0.057). Compared with G/G, the risk ratio of  
grade 3/4 diarrhea in patients with G/A and A/A was 2.18 
(95%CI: 0.87-5.42) (Table 3). In addition, UGT1A1*28 
showed a similar correlation pattern with neutropenia. 
Grade 4 neutropenia was dominantly observed in TA7/7 
patients (P = 0.043, trend test, P = 0.017). Compared with 
TA6/6, the risk ratio of  grade 3/4 neutropenia in patients 
carrying TA6/7 and TA7/7 was 1.75 (95%CI: 0.79-3.88). 
By contrast, no association between UGT1A1*6 and 
grade 3/4 neutropenia was found (Table 3). Among three 

TS groups, homozygous 3RG/3RG showed least inci-
dence of  grade 3/4 late diarrhea (15.8%) and neutropenia 
(26.3%), although not significantly different from the 
other two groups (P > 0.05). Further subgroup analysis of  
non-3RG TS genotypes found that patients with TA6/6 
were less prone to grade 2-4 late diarrhea than TA7/7 
(35.3% vs 100.0%, P = 0.019). Meanwhile, a trend of  
lower incidence of  grade 3/4 neutropenia was observed 
in patients with TA6/6, although the association was not 
statistically significant (29.4% vs 50.0%, P = 0.582). 
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Figure 2  Analysis of UDP-glucuronosyltransferase1A1*28 and *6 by DNA sequencing and thymidylate synthetase by restriction fragment length polymor-
phism. A: 211G>A of UDP-glucuronosyltransferase1A1 (UGT1A1)*6; B: (TA) nTAA variant of UGT1A1*28; C: Polymerase chain reaction-based restriction fragment 
length polymorphism for 2R or 3R and G>C single-nucleotide polymorphism in 3R located in the 5’-UTR region of the thymidylate synthetase gene. 
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UGT1A1 polymorphisms correlation with TTP and OS
In 111 patients available for survival outcome analysis, no 
significant association with TTP and OS was observed 
with either UGT1A1*28 or UGT1A1*6, although slightly 
longer TTP and OS were found with UGT1A1*28 
(TA6/6) (Figure 3). An additional study of  108 patients 
on TS revealed that there was no significant association 
between TS genotype and TTP/OS. 

We further examined if  the length of  treatment dura-
tion was related to genotype. Patients with UGT1A1*28 
(TA6/6) had a relatively longer treatment time compared 
with TA6/7 + TA7/7 genotype; near to statistical signifi-
cance [9.57 ± 6.82 wk (range: 2-32 wk) vs 6.76 ± 5.05 wk 
(range: 1-19 wk), P = 0.078]. Although the 3RG homozy-
gous group had longer treatment duration, it failed to dis-
play a significant correlation [3RG vs non-3RG, 9.03 ± 6.78 
wk (range: 1-23 wk) vs 8.55 ± 6.16 wk (range: 2-32 wk), P 
= 0.895]. The longest TTP (6.9 mo) and OS (20 mo) were 

found in the subgroup with TA6/6 and 3RG genotypes, 
but the differences were still insignificant compared with 
other subgroups (P = 0.46 and 0.37, respectively). Inde-
pendent variables that might affect OS were tested via Cox 
regression model analysis. These variables were ECOG 
performance status, age, sex, chemotherapy regimen, 
UGT1A1 and TS polymorphisms. Only chemotherapy 
regimen and ECOG were independent prognostic factors 
affecting OS. Higher ECOG score increased the death 
risk > 3 times [hazard ratio (HR): 3.325, 95 CI: 1.913-5.777, 
P < 0.0005). Compared with IFL, FOLFIRI showed a 
69% decline in death risk (HR: 0.312, 95%CI: 0.132-0.738, 
P = 0.008). For TTP, the Cox model suggested that che-
motherapy regimen and sex were independent prognostic 
factors. Treatment with FOLFIRI lowered the risk of  dis-
ease progression by 78% (HR: 0.217, 95%CI: 0.104-0.451, 
P < 0.0005). Female sex reduced the progression risk to 
60% (HR: 0.608, 95%CI: 0.387-0.968, P = 0.036).

  Genotypes

Delayed diarrhea Neutropenia

Grades 2-4 Grades 3/4 Grades 3/4 Grade 4

n  (%) P  value1 P  value2 n  (%) P  value1 P  value2 n  (%) P  value1 P  value2 n  (%) P  value1 P  value2

  UGT1A1*28
     TA 6/6        25 (27.8)   < 0.0005 < 0.0005        14 (15.6)    0.228 0.178        23 (25.6)    0.088 0.055          7 (7.8) 0.043 0.017
     TA 6/7          2 (37.5)          6 (18.8)        10 (31.3)          2 (6.3)
     TA 7/7          8 (100)          3 (37.5)          5 (62.5)          3 (37.5)
  UGT1A1*6
     G/G        24 (31.2)       0.564    0.346        10 (13)    0.12 0.057        23 (29.9)    1 0.748          8 (10.4) 0.857 0.473
     A/G        19 (39.6)        11 (22.9)        14 (29.2)          4 (8.3)
     A/A          2 (40)          2 (40)          1 (20)          0 (0)

Table 3  Association of UDP-glucuronosyltransferase1A1 genotypes with toxicity

1Fisher’s exact test for all genotype; 2Exact test of Cochran-Armitage trend test across genotypes. Toxicity grade by National Cancer Institute Common Tox-
icity Criteria version 3.0. A total of 130 patients were assessable for toxicity. Significant differences were found on grades 2-4 delayed diarrhea and grade 4 
neutropenia for UGT1A1*28 genotypes. UGT1A1: UDP-glucuronosyltransferase1A1.
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UGT1A1*28 and UGT1A1*6 correlation with pharmacoki-
netics
Thirty-four patients were enrolled in a pharmacokinetics 
study. Among UGT1A1*28 alleles, there were 22 with 
TA6/6, 10 with TA6/7, and two with TA7/7. Among 
UGT1A1*6 alleles, there were 25 with G/G and nine 
with G/A. Among them, two participants were found 
with a double heterozygous genetic profile; TA6/7 + G/
A. The pharmacokinetic parameters showed that the area 
under concentration curve (AUC) values of  irinotecan 
and SN-38 had an increasing trend among UGT1A1*28 
alleles, and TA7/7 appeared to have the highest AUC val-
ues, although the AUC values of  SN-38G in these three 
alleles showed no significant difference. Another indica-
tor of  SN-38 metabolic rate, the AUC ratio of  SN-38G 

to SN-38 demonstrated that, compared with the other 
two alleles, the AUC ratio of  TA7/7 was lower and close 
to statistical significance (P = 0.057). Due to no A/A al-
lele being identified in UGT1A1*6, we were unable to 
study the effect of  A/A on AUC. The combinations of  
UGT1A1*28 and UGT1A1*6 were divided into three 
groups: group 1 with wild type (TA6/6 + G/G); group 2 
with one- mutated site variants (TA6/6 + G/A, TA6/7 
+ G/G); and group 3 with two-mutated site variants 
(TA6/7 + G/A, TA7/7 + G/A, TA7/7 + G/G). The 
higher AUC values of  irinotecan and SN-38 and lower 
AUC ratio were found in group 3, and compared with 
the other two groups, the difference was near to statistical 
significance (P = 0.061 and 0.078, respectively) (Table 4). 
The plot of  AUC ratios (Figure 4) clearly illustrated that 

  Genotype
AUC CPT-11 AUC SN-38 AUC SN-38G AUC SN-38G/AUC SN-38 ratio

Median P  value Median P  value Median P  value Median P  value

  UGT1A1*28
     TA6/6 5554.57 0.1631 176.40 0.1491 582.14 0.9881 3.178 0.1581

     TA6/7 6919.11 213.25 591.86 3.330
     TA7/7 9049.03 390.00 584.63 1.488
  UGT1A1*6
     G/G 5811.73 0.9532 189.62 0.3202 529.96 0.2342 2.924 0.5912

     G/A 6582.17 231.50 679.17 3.759
  UGT1A1*28+*6
     TA6/6 + G/G 5297.41 0.2821 169.62 0.0841 529.96 0.3861 2.924 0.1881

     TA6/7 + G/G, TA6/6 + G/A 6649.50 217.87 679.17 3.680
     TA7/7 + G/G  TA6/7+ G/A 6213.46 297.89 584.63 1.488
  UGT1A1*28
     TA6/6, TA6/7 6030.13 0.8842 191.92 0.0672 582.14 1.0002 3.177 0.0572

     TA7/7 9049.03 390.00 584.63 1.488
  UGT1A1*28+*6
     TA6/6 + G/G, TA6/7 + G/G, TA6/6 + G/A 6030.13 0.7482 183.37 0.0612 582.14 0.9152 3.177 0.0782

     TA7/7 + G/G, TA6/7 + G/A 6213.46 297.89 584.63 1.488

Table 4  Association between UDP-glucuronosyltransferase1A1 genotypes and pharmacokinetics parameters

1Kruskal-Wallis test; 2Mann-Whitney U test. 34 patients were assessable for pharmacokinetics parameters. CPT-11: Irinotecan; UGT1A1: UDP-glucuronosyl-
transferase1A1; AUC: Area under concentration curve.
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toxicity[23,24]. We introduced TS polymorphism into treat-
ment outcome and toxicity evaluation of  irinotecan/5-
FU chemotherapy and found that patients carrying UG-
T1A1*28 (TA6/6) and 3RG/3RG seemed to experience 
mild toxicity, but relatively low tumor response. Similar 
to UGT1A1*28, the OS of  patients with 3RG/3RG was 
extended because therapy was well tolerated and its dura-
tion was prolonged. However, these observed differences 
did not reach statistical significance. We conjectured that 
the differences of  treatment response and toxicity be-
tween TS genotypes could be narrowed by the synergistic 
effect of  5-FU combined with irinotecan regimen. 

Unfortunately, the combination of  two genetic mark-
ers was unable to increase the predictive accuracy. In our 
study, blood samples were used for polymorphism testing. 
Possibly, examining TS polymorphism and expression 
level in tumor tissues might yield more convincing data.

The in vivo metabolism of  irinotecan is complicated. 
Our data showed that the plasma concentrations of  irino-
tecan and its metabolites varied significantly in each patient. 
These variations are strongly related to the polymorphisms 
of  many metabolic enzymes and transport proteins. We 
found that the AUC values of  irinotecan and SN-38 were 
gradually elevated from TA6/6 to TA7/7, whereas the 
AUC ratios of  SN-38G/SN-38 were decreased from 
TA6/6 to T7/7 (P = 0.057). A similar trend was found for 
UGT1A1*6. If  UGT1A1*28 and UGT1A1*6 were taken 
together, the AUC ratios of  group 1 (wild type), group 2 
(one-mutated site) and group 3 (two mutated sites) were 
shifted from the highest to the lowest. Clearly, both alleles 
had effects on irinotecan metabolism.

Toffoli et al[5] concluded that for Caucasians, UG-
T1A1*28 not only affected irinotecan-related toxicity, but 
also changed the drug metabolic rate. On the contrary, 
reports from Asia suggested that UGT1A1*6 was in-
volved in irinotecan pharmacokinetics and toxicity. Han 
et al[21] discovered that few UGT1A1*28 variants were 
found in the Korean population, while more UGT1A1*6 
variants were observed. They claimed that the role of  
UGT1A1*28 in predicating irinotecan pharmacokinetics 
and toxicity could be replaced by UGT1A1*6 for Kore-
ans. The research from Jada et al[24] also downplayed the 
role of  UGT1A1*28 in the irinotecan metabolic pathway. 
However, Minami et al[20] contradicted this hypothesis by 
showing that both UGT1A1*28 and UGT1A1*6 were in-
volved in irinotecan pharmacokinetics. Thus, for the Japa-
nese population, the homozygous (UGT1A1*28/*28 and 
UGT1A1*6/*6) and the heterozygous (UGT1A1*6/*28) 
reduced the AUC ratios of  SN-38G/SN-38. Our data 
favored Minami’s conclusion that both UGT1A1*28 and 
UGT1A1*6 participated in glucuronidation.

Derived from the AUC ratios of UGT1A1*28 and UG-
T1A1*6 variants, we estimated that genetic alterations 
could inactive the metabolic efficiency of  SN-38 by 50%. 
Therefore we recommend a 50% dose reduction of  irino-
tecan to treat group 3 patients with double-site mutations. 
Minami et al[20] described that the ratio of  SN-38 AUC to 
irinotecan dose was 2.4 in group 3, while the ratio was 1.4 

6642 December 7, 2012|Volume 18|Issue 45|WJG|www.wjgnet.com

group 3 had lower AUC ratio than the other two groups. 
Regarding UGT1A1*28, the AUC ratio of  TA7/7 was 
less than half  of  the TA6/6 ratio (1.488 vs 3.178, P = 
0.158). 

DISCUSSION
Many western studies on the relationship of  UGT1A 
polymorphisms and irinotecan toxicity and response have 
suggested that UGT1A1*28 is significantly associated 
with irinotecan-induced toxicity[16-18]. In particular, patients 
bearing UGT1A1*28 (TA7/7) have a high possibility to 
experience severe neutropenia and diarrhea. Based on 
this, a warning is labeled on irinotecan that patients with 
UGT1A1*28 (TA7/7) should start with a reduced dose of  
irinotecan, although the details of  how to adjust the dose 
have not been specified[19]. By contrast, research in Asian 
countries has shown a lower incidence of  UGT1A1*28 
(TA7/7), while UGT1A1*6 (A/A) is more often found 
and may replace UGT1A1*28 as a key regulator in UG-
T1A1 expression[20-22]. 

Our early studies have found that few carrying UG-
T1A1*28 (TA7/7) might be the reason that less than ex-
pected diarrhea was observed in Chinese patients treated 
with irinotecan-based chemotherapy. Nevertheless, other 
UGT1A members, such as UGT1A1*6, UGT1A7*3 and 
UGT1A9*1 have a trend towards a high incidence of  tox-
icity, and this association is racially different[1]. Although, 
recent data have implicated that UGT1A7 and UGT1A9 
might be useful in predicting irinotecan-related toxicity[7], 
it might not be applicable for Asian patients because UG-
T1A1*6 is highly linked with UGT1A7 and UGT1A9 in 
the Asian population. In addition, Fujita et al[4] and Toffoli 
et al[5] have proposed that the homozygous UGTlAl*28 
(TA7/7) is a predictive marker for better treatment out-
come and longer survival time. The results of  our study 
confirmed that only 6.6% of  Chinese patients had UG-
T1A1*28 (TA7/7), whereas a higher frequency of  TA6/6 
was identified compared with that in Caucasians (69.9% 
vs 45.2%, P = 0.002). The allele distribution difference 
might account for lower incidence of  severe late diarrhea 
and grade 3/4 neutropenia in Chinese patients treated 
with irinotecan. At the same time, we discovered that the 
association between UGT1A1*6 and grade 3/4 late diar-
rhea was close to statistically significance. Furthermore, 
we did not find that treatment efficacy was discounted by 
either UGT1A1*28 or UGT1A1*6 variants. Besides that, 
multivariate logistic regression analysis failed to show that 
UGT1A1/TS polymorphisms and chemotherapy regi-
men had any effect on clinical response, but indicated 
that longer treatment time increased response rate by 
26%. No OS benefit was obtained in patients with high 
incidence of  toxicity. This could be caused by shorter 
treatment duration due to drug intolerance.

Several studies have indicated that TS polymorphism 
is associated with 5-FU toxicity and prognosis. Although 
the results are inconclusive, it is well accepted that the 
allele 3RG/3RG is correlated with long OS and low 

Wang Y et al . UGT1A1  predicts outcome in CRC



6643 December 7, 2012|Volume 18|Issue 45|WJG|www.wjgnet.com

in group 1. Based on their findings, it would be rational 
to lower the initial dose of  irinotecan by 50% for group 
3 patients. Another study by Innocenti et al[25] investigated 
the association between the pharmacokinetics of  UG-
T1A1*28 variants and neutropenia. They recommended 
that a 20% decrease in drug dose should be considered in 
patients with UGT1A1*28 (TA7/7). 

To date, no clinical trial has used genotypes for de-
termining the proper dose for initial irinotecan-based 
therapy. We recommend a 50% dose reduction of  irino-
tecan for patients with double-site mutations to avoid 
severe toxicity, and ensure better efficacy with sufficient 
treatment given. However, accurate dose modification 
for patients with different UGT1A1 genotype is difficult. 
The limitations of  our pharmacokinetics study were lack 
of  UGT1A1*6 A/A information and small sample size. 
A large-scale prospective trial focused on dose modifica-
tion of  irinotecan will be our next work.
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Background
Irinotecan is a prodrug that is hydrolyzed by carboxylesterase in vivo to form an 
active metabolite SN-38. SN-38 is further conjugated and detoxified by UDP-
glucuronosyltransferase (UGT) to yield its β-glucuronide. Remarkable inter-in-
dividual variations in the pharmacokinetics and clinical outcomes have been re-
ported. Genetic polymorphisms of UDP-glucuronosyltransferase1A1 (UGT1A1), 
especially UGT1A1*28 and UGT1A1*6 are important determinants of individual 
variations in Asian patients. 5-Fluorouracil (5-FU) is a fundamental component 
of all chemotherapic combinations for treatment of colorectal cancer (CRC). 
Thymidylate synthetase (TS) is the main intracellular target of fluoropyrimidines. 
The TS gene polymorphisms are known to influence the activity of TS, which 
are related to 5-FU clinical response. The allele containing the triple repeat (3R) 
in 5’-UTR of the TS is associated with 3-4-fold translational efficiency compared 
with the double repeat allele (2R), and a G>C base change in 3R alleles makes 
the transcriptional activity of the 3R allele as low as that of the 2R allele.
Research frontiers
Current studies have revealed the relationship of UGT1A polymorphisms 
and irinotecan related toxicity and pharmacokinetics. The polymorphisms of 
UGT1A1*28 are considered to be important in the Caucasian population, while 
UGT1A1*6 seems to be more important than UGT1A1*28 in Asian studies. It 
is still unclear whether UGT1A1 has any influence on treatment efficacy. Three 
studies tested if UGT1A1 isoforms had any impact on treatment outcome, how-
ever, their conclusions were inconsistent. TS polymorphisms are of the most 
broadly studied genetic variants in CRC. It is accepted that the 3R allele is as-
sociated with increased expression levels of TS and poorer outcome in patients 
treated with 5-FU-based regimens. However, the role of gene polymorphisms of 
UGT1A1 and TS on clinical response to irinotecan and 5-FU-based treatment, 
non-diarrhea toxicities and prognosis remains unclear.
Innovations and breakthroughs
Only 6.6% of Chinese patients had UGT1A1*28 (TA7/7), whereas higher fre-
quency of TA6/6 was identified compared with that in Caucasians (69.9% vs 
45.2%, P = 0.002). Mutant variants of UGT1A1*28 and UGT1A1*6 were associ-
ated with increased toxicity and decreased SN-38 disposition, but the response 
rate did not increase accordingly, although this group of patients surely had a 
trend towards a better response. This probably related to shorter treatment time 
in patients carrying double-site mutations. Derived from the area under concen-
tration curve ratios of UGT1A1*28 and UGT1A1*6 variants, authors estimated 
that genetic alterations could inactive the metabolic efficiency of SN-38 by 50%. 

Therefore, the authors recommend a 50% dose reduction of irinotecan to treat 
patients with double-site mutations.
Applications
To date, no clinical trial has used genotypes for determining the proper dose for 
initial irinotecan-based therapy. The authors recommend a 50% dose reduction 
of irinotecan for patients with double-site mutations to avoid severe toxicity, and 
ensure better efficacy with sufficient treatment given. However, accurate dose 
modification for patients with different UGT1A1 genotypes is difficult. A large-scale 
prospective trial focusing on dose modification of irinotecan will be next work.
Peer review
Polymorphisms predict response and toxicity in patients with metastatic CRC 
treated with irinotecan and 5-FU. This study is interesting, and the manuscript 
is worthy of publication.
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