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Abstract
Purpose  To investigate the association between UDP-glucuronosyltransferase (UGT​)1A polymorphisms and irinotecan-
treatment efficacy in a Chinese population with metastatic colorectal cancer (mCRC).
Methods  The present study was based on a prospective multicenter trial of Chinese mCRC patients treated with irinotecan-
based chemotherapy (NCT01282658, registered at http://www.clini​caltr​ials.gov). Fifteen single-nucleotide polymorphisms 
(SNPs) in four UGT1A genes were selected for genotyping in 164 patients. Kaplan–Meier and Cox regression analyses were 
used to assess the association between potential signatures and survival outcome.
Results  We found that UGT1A1*28 variant genotype was significantly associated with decreased progression-free survival 
(PFS) [adjusted hazard ratio (HR), 1.803; 95% confidence interval (CI), 1.217–2.671] and overall survival (OS) (adjusted 
HR 1.979; 95% CI 1.267–3.091) compared with wild-type genotype. Patients carrying (TA)7 allele showed a median PFS 
of 7.5 (95% CI 5.5–9.6) months compared with 9.8 (95% CI 8.6–10.9) months for patients with wild-type genotype. Median 
OSs were 13.3 (95% CI 10.3–16.2), and 20.8 (95% CI 18.7–23.0) months for (TA)6/7 or (TA)7/7, and (TA)6/6 patients, 
respectively. Similarly but more significantly, the copy number of haplotype III (composed by rs3755321-T, rs3821242-C, 
rs4124874-G and rs3755319-C) constructed among the selected SNPs also correlated with survival outcome.
Conclusions  UGT1A polymorphisms are predictive of survival outcome of irinotecan-treated Chinese mCRC patients. 
After validation, UGT1A polymorphisms might be helpful in facilitating stratification of mCRC patients for individualized 
treatment options.
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Introduction

Colorectal cancer (CRC) is the third most common cancer 
and the fourth leading cause of cancer-related death world-
wide [1]. More than 20% of CRC patients present with 
overt metastases and an additional 20–35% will develop 
metastases during the course of their disease [2, 3]. Iri-
notecan has been widely used for the treatment of meta-
static CRC (mCRC). It can be administered in combination 
with 5-fluorouracil/leucovorin for first-line treatment of 
metastatic disease, or as a single agent for disease refrac-
tory to oxaliplatin and/or 5-fluorouracil-based therapies, 
with or without targeted agents. Irinotecan treatment could 
prolong survival in some of the mCRC patients, but may 
lead to important drug-specific adverse events, such as 
severe (sometimes even lethal) diarrhea [4]. Hence, sig-
natures that could identify potential populations with sat-
isfactory efficacy and tolerable adverse events are of great 
interest to practitioners and patients alike.

Irinotecan activity depends on circulating levels of 
7-ethyl-10-hydroxycamptothecin (SN-38), the active 
metabolite of irinotecan [5]. The major route of SN-38 
elimination is via the glucuronidation pathway by the 
UGT1A enzymes, including hepatic UGT1A1, UGT1A3, 
UGT1A6, and UGT1A9 and extrahepatic UGT1A7 [6–8]. 
UGT1A enzymes are encoded by the UGT1A gene family, 
which consists of a number of UGT1As that result from 
alternate splicing of multiple first exons and share com-
mon exons 2–5 [9]. During the last 20 years [10], people 
have exerted many efforts on exploring the association 
between the UGT1A activity and the toxicity and efficacy 
of irinotecan. They found that genetic polymorphisms in 
UGT1A genes might be potential markers in predicting 
toxicity [11, 12] and survival [13–16] of patients treated 
with irinotecan. However, most of these results were 
controversial.

Based on previous achievements, UGT1A*28 may be 
an optimal molecular predictor of irinotecan-related tox-
icity. A meta-analysis based on 16 Caucasian trials dem-
onstrated an increased risk of diarrhea and neutropenia in 
mCRC patients carrying UGT1A1*28 allele [4]. However, 
the clinical utility of UGT1A1*28 genotyping to arrange 
the priority of regimen selection is more dependent upon 
whether UGT1A1*28 impacts survival of patients receiv-
ing irinotecan-based therapy. Published clinical studies 
evaluating the value of UGT1A1*28 in predicting survival 
have shown more contradictory results than toxicity pre-
diction ones [17, 18]. In recent years, increasing investi-
gations studied Asian populations but conclusions were 
highly controversial [19].

The current study is conducted prospectively in 
a Chinese mCRC patient population treated with 

irinotecan-based first-line chemotherapy. We will verify 
whether UGT1A1*28 could predict irinotecan-related tox-
icity, and evaluate associations between polymorphisms of 
UGT1As and survival outcomes.

Materials and methods

Study design and patient eligibility

This prospective longitudinal study, sponsored by Huazhong 
University of Science and Technology, China, and involv-
ing six cancer centers in south-central China (Supporting 
Information Table S1), was designed to investigate the 
pharmacogenetic predictors of adverse events and response 
to chemotherapy in mCRC patients treated with irinotecan-
based regimens. Patients were followed up until death. Writ-
ten informed consent was required and blood samples and/
or tissue specimens were obtained. Progression-free survival 
(PFS) and overall survival (OS) were co-primary end points. 
PFS was defined as the time from diagnosis of mCRC to the 
first evidence of disease progression or to death, whichever 
occurred first. Data were censored if the patients were alive 
and free of progression at the last follow-up. OS was meas-
ured as the time from diagnosis of mCRC to death from any 
cause. Data were censored if the patients were alive at the 
last follow-up.

Eligibility criteria included histologically confirmed 
adenocarcinoma of the colon or rectum; unresectable 
metastases; no prior chemotherapy for metastatic disease 
(adjuvant chemotherapy was allowed, except for irinotecan); 
age between 18 and 75 years; measurable disease defined 
according to the Response Evaluation Criteria In Solid 
Tumors version 1.1 (RECIST1.1) [20]; Karnofsky index 
of performance status (KPS) ≥ 60 or Eastern Cooperative 
Oncology Group Performance Status Scale (PS) ≤ 2; total 
bilirubin ≤ 1.5 times the upper limit of normal (ULN); aspar-
tate aminotransferase (AST) and alanine aminotransferase 
(ALT) ≤ 2.5 times ULN (≤ 5 times ULN if liver metastases 
present); creatinine clearance > 50 ml/min or serum creati-
nine ≤ 1.5 times ULN.

This study was approved by the Ethical Committee of 
Huazhong University of Science and Technology under 
reference number NCT01282658 (registered at http://www.
clini​caltr​ials.gov).

Treatment

Patients were treated with either the FOLFIRI regimen (89% 
of patients) as described by Tournigand [21] (irinotecan 
180 mg/m2 intravenously for over 30–90 min and leucov-
orin 400 mg/m2 for a duration equivalent to the irinotecan 
infusion, followed by a bolus of 5-FU 400 mg/m2 and then a 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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continuous infusion of 2400 mg/m2 over 46–48 h, repeated 
every 2 weeks) or the mXELIRI regimen (7%) as described 
by Meropol [22] (intravenous irinotecan 125 mg/m2 on days 
1 and 8 and oral capecitabine 850–1000 mg/m2 bid on days 
2–15 delivered in 21-day cycles), with the exception of 4% 
patients who could not bear combined chemotherapy treated 
with irinotecan alone [23].

Toxicity and efficacy assessment

Toxicity information, including appetite, vomiting, diarrhea 
and mucositis, was collected using face-to-face question-
naires at each cycle and assessed using the National Cancer 
Institute Common Toxicity Criteria of Adverse Events ver-
sion (CTCAE) 4.0 [24]. Objective tumor response was cat-
egorized using computed tomography or magnetic resonance 
imaging every 6–8 weeks according to RECIST1.1. Evalu-
ations were performed blindly with respect to the genetic 
results.

Chemotherapy was withheld for grade 2–4 toxicity and 
resumed upon resolution to grade 0–1 with specified dose 
modifications. The details of irinotecan dose modification 
can be found in Online Resource Table S2. The treatment 
was continued until the development of progressive disease 
(PD) or unacceptable toxicity, completion of the scheduled 
cycles or the patient refusing to continue the treatment.

UGT1A polymorphism selection and genotyping

In this study, 15 single-nucleotide polymorphisms (SNPs) 
in five UGT1A genes were selected based on the following 
criteria: (a) minor allele frequency greater than 0.1 in the 
Chinese population, and (b) located in the promoter untrans-
lated region (UTR), coding region, or 3 prime UTR of the 
gene, or (c) reported associations with glucuronidation activ-
ity, irinotecan-induced toxicity or treatment outcome. The 
selected genes and SNPs are present in Online Resource 
Table S3.

UGT1A genotyping was performed before treatment. No 
dose modification of Irinotecan was done based on the geno-
typing results. Genomic DNA was extracted from periph-
eral blood samples using the QIAGEN DNA Blood Mini 
Kit (Qiagen, Valencia, CA). The TA index of the UGT1A1 
promoter (UGT1A1*28; rs8175347) was genotyped by frag-
ment sizing [25], described in Online Resource Genotyp-
ing Methods. MassArray (Sequenom, San Diego, CA) was 
employed to genotype other 14 SNPs using allele-specific 
MALDI-TOF mass spectrometry [26]. Primers and multi-
plex reactions were designed using AssayDesigner software 
3.1. Hardy–Weinberg equilibrium was tested using the χ2 
test, and P < 0.05 indicated a deviation from equilibrium. 
Using the Haploview v4.2 software package (http://www.
broad​.mit.edu/mpg/haplo​view/), we estimated the values of 

Lewontin’s coefficient D’ and correlation coefficient r2, and 
constructed the haplotype assessment.

Statistical analysis

Associations between genotypes, haplotypes or clinical vari-
ables and survival outcomes were estimated using a Cox 
proportional hazards model with adjustment for potential 
confounding covariates. PFS and OS curves were calculated 
using the Kaplan–Meier method and evaluated with the log-
rank test. Continuous and ordered variables were compared 
using the Wilcoxon test. Nominal variables were compared 
using the Pearson χ2 test or Fisher’s exact test, as appropri-
ate, while odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated based on multivariable logistic regres-
sion models. All P values were two-sided, and P values of 
multiple testing were checked by the Bonferroni correction. 
All the statistical analyses were performed using SPSS 16.0 
statistical software (SPSS Inc., Chicago, IL, USA).

Results

Demographic and clinical characteristics of patients

From November 2010 to December 2014, 168 Han Chi-
nese patients were enrolled. After the Monitoring Com-
mittee evaluation, 164 patients were considered eligible 
and included in this study (Fig. 1). Follow-up information 
was updated in April 2015, when 63% of the patients were 
deceased. The mean duration of follow-up was 29.2 months 
(range 5–55 months).

The baseline patient characteristics and tumor biologi-
cal factors are shown in Table 1. The median age by the 
time of diagnosis was 50 years (range 18–75 years); 57.3% 
were males; 20.1% patients had a KPS less than 80%; and 
72.0% patient were characterized as having a glandular his-
tology. The primary tumors that were proximal or distal to 
the splenic flexure were classified as right-sided (n = 43) or 
left-sided (n = 121), respectively, as described by Loupakis 
et al. [27]. There were no significant associations between 
patient- and tumor-related characteristics and PFS or OS 
when tested in univariate and multivariate Cox regression 
models (Online Resource Table S4).

LD and haplotype analysis

Genotypes and allelic frequencies of UGT1A1, UGT1A3, 
UGT1A6 and UGT1A7 were determined. The allelic frequen-
cies for 15 selected SNPs were within the probability lim-
its of Hardy–Weinberg equilibrium except for rs12475068 
(P < 0.05). Therefore, we excluded rs12475068 and only 
used 14 SNPs for further analyses.

http://www.broad.mit.edu/mpg/haploview/
http://www.broad.mit.edu/mpg/haploview/
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As shown in Fig. 2, rs887829 was in complete linkage 
disequilibrium (LD) with rs8175347, and rs1500482 was 
in complete LD with rs8330 (D’ = 1.00, R2 = 1.00). So the 
information of rs887829 and rs1500482 can be totally rep-
resented by rs8175347 and rs8330, respectively. Using the 
Haploview v4.2, we constructed two blocks of haplotypes. 
Block 1 contained rs11692021, rs2070959 and rs1105879 
and block 2 contained rs3755321, rs3821242, rs4124874 
and rs3755319. High LD was observed in block 1 (D’ = 
1.00, R2 = 0.84–0.98) and the block 2 (D’ = 0.94–1.00, 
R2 = 0.42–0.98).

In block 1, three most common haplotypes were “a” 
(75.6%, all reference sequence alleles), “b” (21.3%, all 
variant alleles), and “c” (2.7%, all reference sequences 
alleles with the exception of rs1105879). In block 2, three 
most common haplotypes were “I” (66.1%, all refer-
ence sequence alleles), “II” (18.6%, all variant alleles), 
and “III” (14.1%, all variant alleles with the exception of 
rs3755321) (Fig. 2).

Fig. 1   Study flow chart
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UGT1A polymorphisms relationship to response

Tumor response was assessable in 159 of 164 patients 
(Fig. 1). The rest five patients could not be assessed for 
response because of early cessation of the chemotherapy 
(fewer than three cycles) due to insufferable toxicity or 
the interference of another anti-cancer therapy with the 
therapeutic effect. Objective response [complete response 
(CR) + partial response (PR)] was observed in 55 of 159 
patients (34.6%), including five CRs (3.1%) and 50 PRs 
(31.4%). Stable disease (SD) was observed in 71 patients 
(44.7%) and PD was observed in 33 patients (20.8%).

Patients harboring UGT1A1*28 (TA)7 allele tended 
to have a reduced likelihood of objective response com-
pared with the wild-type genotype [odds ratio (OR), 0.444; 
95% confidence interval (CI), 0.194–1.018; P = 0.055] 
(Online Resource Table S5). Similarly, patients carry-
ing one to two copies of haplotype III tended to have a 
decreased possibility of objective response (CR + PR; 
OR 0.418; 95% CI 0.183–0.955; P = 0.038) and disease 
control (CR + PR + SD; OR 0.405; 95% CI 0.167–0.986; 
P = 0.046) compared with individuals with zero copy 
(Online Resource Table S6).

UGT1A polymorphisms relationship to survival

Of the 164 patients, the median PFS was 9.1 (95% CI 
7.6–10.5) months and the median OS was 20.4 (95% CI 
17.8–23.0) months.

As shown in Table 2, UGT1A1*28 (TA)7 allele was an 
unfavorable predictor of PFS. Patients carrying (TA)7 allele 
showed a median PFS of 7.5 (95% CI 5.5–9.6) months com-
pared with 9.8 (95% CI 8.6–10.9) months for patients with 
wild-type genotype. In the multivariate Cox model, variant 
genotype remained significantly associated with decreased 
PFS [hazard ratio (HR) 1.803; 95% CI 1.217–2.671; 
P = 0.003]. The association was more significant between 
PFS and block 2 haplotype III. Patients harboring one to two 
copies of haplotype III showed a median PFS of 7.2 (95% 
CI 5.3–9.1) months compared with 9.9 (95% CI 8.8–10.9) 
months for patients with zero copy. In the Cox model, one 
to two copies of haplotype III was associated with reduced 
PFS (HR 1.925; 95% CI 1.299–2.852; P = 0.001).

Analysis of OS with UGT1A1*28 polymorphism showed 
a significant increased risk of death for patients bearing 
(TA)7 allele (HR 1.979; 95% CI 1.267–3.091) compared 
with the wild-type genotype. Median OSs were 13.3 (95% 
CI 10.3–16.2), and 20.8 (95% CI 18.7–23.0) months for 
(TA)6/7 or (TA)7/7, and (TA)6/6 patients, respectively. 
With regard to block 2 haplotype III, patients carrying one 
to two copies of haplotype III seemed to have shorter OS 
(HR 2.039; 95% 1.311–3.172; P = 0.002) than those with 
zero copy. Median OSs were 13.1 (95% CI 12.5–13.7), and 
20.8 (95% CI 19.4–22.3) months for one to two copies, and 
zero copy patients, respectively (Table 2).

The Kaplan–Meier curves of the estimated survival clas-
sified by UGT1A1*28 genotypes or the copy number of 
haplotype III are shown in Fig. 3. No significant association 
with PFS or OS was observed with other UGT1A variants 
(except for rs887829, which is totally LD with UGT1A1*28) 
or their haplotypes (Table 3).

UGT1A1*28 polymorphism relationship to toxicity 
outcome and dose reduction

We evaluated the association of UGT1A*28 genotypes with 
the common irinotcan-related toxicity. Data of diarrhea were 
available in 157 patients, and data of neutropenia were avail-
able in 160 patients.

A significant association was observed between 
UGT1A1*28 genotypes and grade 3–4 diarrhea (Table 4). 
Patients with (TA)6/7 or (TA)7/7 genotype had more 
than twofold higher risk of developing grade 3–4 diar-
rhea compared with (TA)6/6 patients (OR 2.673; 95% CI 
1.039–6.876). Grade 3–4 diarrhea occurred in 13 (11.3%) 
(TA)6/6 and 11 (26.2%) (TA)6/7 or (TA)7/7 patients.

Table 1   Patient- and tumor-related characteristics

SD standard deviation, KPS Karnofsky performance status

Characteristics No. %

Total 164 100
Age, years
 ≤ 51 89 54.3
 > 51 75 45.7
 Mean  ±  SD 50.7  ±  11.0
 Median (range) 50 (18–75)

Gender
 Male 94 57.3
 Female 70 42.7

KPS(%)
 ≥ 80 131 79.9
 < 80 33 20.1
 Median (range) 80% (60–90%)

Primary tumor
 Right-sided 43 26.2
 Left-sided 121 73.8

Histology
 Glandular 118 72.0
 Mucinous 21 12.8
 Signet-ring cell 4 2.4
 Mixed 13 7.9
 Unfixed 8 4.9
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Our evaluation did not reveal any association between 
severe neutropenia and UGT1A1*28 genotypes. Grade 3–4 
neutropenia occurred in 35 (29.9%) (TA)6/6, 14 (32.6%) 
(TA)6/7 or (TA)7/7 patients (Table 4). Hence, our study 
indicates that TA index polymorphism is a predictor for 
severe diarrhea but not for neutropenia.

Patients with (TA)6/7 or (TA)7/7 genotype tended to 
have an increased likelihood of dose reduction compared 
with (TA)6/6 patients, although not statistically significant 
(adjusted OR 2.156; 95% CI 0.984–4.725; P = 0.055). Dose 
reduction occurred in 25 of 120 (20.8%) (TA)6/6 patients, 
compared with 16 of 44 (36.4%) in (TA)6/7 or (TA)7/7 
patients.

We observed that dose reduction was significantly associ-
ated with decreased PFS (P < 0.001), and there was a trend 
towards decreased OS with dose reduction (P = 0.060), as 
shown in Table S7. Therefore, dose reduction affected PFS, 
but whether it had an effect on OS needed further study. 
Among patients treated without dose reduction (n = 123), 
as shown in Table S8, UGT1A1*28 (TA)7 allele was still 
an unfavorable predictor of PFS and OS. Patients carrying 
(TA)7 allele showed a median PFS of 9.0 (95% CI 3.9–14.1) 
months compared with 10.1 (95% CI 7.7–12.6) months for 

patients with wild-type genotype (adjusted HR 1.717; 95% 
CI 1.055–2.794; P = 0.030). Median OSs were 15.1 (95% 
CI 11.1–19.0), and 21.1 (95% CI 19.5–22.7) months for 
(TA)6/7 or (TA)7/7, and (TA)6/6 patients, respectively 
(adjusted HR 1.881; 95% CI 1.114–3.176; P = 0.018).

Discussion

This study evaluated whether common UGT1A polymor-
phisms could influence the treatment outcome of mCRC 
patients administered with irinotecan-based chemotherapy 
in a Chinese population. We found that UGT1A1*28 variant 
genotype was predictive of worse PFS and OS compared 
with wild-type genotype. The potential connection between 
UGT1A1*28 genotypes and the therapeutic efficacy of iri-
notecan is pharmacologically plausible [28, 29]. However, 
results derived from different studies are conflicting. Our 
finding was in line with the decreased OS trend in patients 
with UTG1A1*28 (TA)7 allele reported in the meta-analy-
sis by Liu et al. [18]. Another meta-analysis by Dias et al. 
[17] considered that the association in Liu’s meta-analysis 
was not strong enough to support the trend conclusion due 

Fig. 2   Linkage disequilibrium relationships between UGT1A poly-
morphisms and distributions of haplotypes. a Lewontin’s coefficient 
D’ and b correlation coefficient R2 are reported and the extent of sta-
tistical significance of the pairwise association is represented by a 
scale of color intensity. Individual haplotype frequencies are evalu-

ated using the Haploview v4.2. Two blocks of haplotypes were con-
structed, with three single-nucleotide polymorphisms (SNPs) and 
four SNPs, respectively. Only haplotypes with a frequency greater 
than 0.5% were presented
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to insufficient analyses of original data. A meta-analysis 
included 58 studies by Liu et al. [19] showed an increased 
response rate in patients with the (TA)6/7 or (TA)7/7 geno-
types, but a null result between UGT1A1*28 and survival. 
Among these studies included in meta-analyses, though the 
majority suggested a null association between UGT1A1*28 
polymorphism and survival outcome, four studies demon-
strated a predictive role of UGT1A1*28 in irinotecan-treated 
patients, as a favorable predictor for PFS [13] or an unfavora-
ble predictor for OS [14–16]. These inconsistencies may be 

partially due to different study designs, diverse schedules of 
irinotecan treatment used, relatively small sample sizes or 
limited follow-up time.

In addition, most of the studies included in the first two 
meta-analyses were conducted in Caucasians; and the third 
meta-analysis covered Asian studies but the conclusion was 
based on a mixed sample of Asian and Caucasians, there-
fore, was not Asian specific. In fact, tremendous genetic 
heterogeneities exist between different races and ethnici-
ties. For example, 8% Egyptian, 12% Indian, 16% European 

Table 2   Association of UGT1A1*28 genotypes or block 2 haplotypes with survival

HR hazard ratio, CI confidence interval, PFS progression-free survival, OS overall survival, KPS Karnofsky performance status
a HRs and Ps were adjusted for age, sex, KPS, histology and primary tumor site. Results in bold are significant at P < 0.004 (Bonferroni correc-
tion)
b In the dominant model
c No. of haplotypes carried by the patient

Variables n PFS (n = 164) OS (n = 164)

No. of events Median survival, 
months (95% CI)

HR (95% CI)a Pa No. of events Median survival, 
months (95% 
CI)

HR (95% CI)a Pa

UGT1A1*28
 (TA)6/6 120 103 9.8 (8.6–10.9) 1.000 (reference) 71 20.8 (18.7–23.0) 1.000 (reference)
 (TA)6/7 41 37 7.9 (5.5–10.4) 1.750 (1.170–

2.617)
0.006 29 13.3 (10.2–16.4) 1.947 (1.234–

3.072)
0.004

 (TA)7/7 3 3 6.1 (4.8–7.4) 2.974 (0.896–
9.876)

0.075 3 13.1 (5.4–20.7) 2.485 (0.723–
8.545)

0.148

 (TA)6/7 or 7/7 44 40 7.5 (5.5–9.6) 1.803 (1.217–
2.671)

0.003b 32 13.3 (10.3–16.2) 1.979 (1.267–
3.091)

0.003b

Block 2c

 Haplotype I
  2 74 66 9.3 (8.1–10.4) 1.000 (reference) 40 21.7 (18.6–24.7) 1.000 (reference)
  1 69 58 10.3 (7.0–13.5) 0.928 (0.639–

1.349)
0.697 47 18.5 (11.1–25.9) 1.787 (1.140–

2.800)
0.011

  0 21 19 7.2 (5.4–9.0) 1.208 (0.695–
2.099)

0.502 16 19.5 (7.9–31.0) 1.937 (1.045–
3.591)

0.036

  0 or 1 90 77 8.3 (5.7–10.8) 0.979 (0.688–
1.394)

0.907b 63 18.5 (12.2–24.9) 1.821 (1.190–
2.788)

0.006b

 Haplotype II
  0 111 99 9.0 (8.1–10.0) 1.000 (reference) 67 20.3 (16.8–23.7) 1.000 (reference)
  1 45 38 10.3 (5.5–15.0) 0.717 (0.482–

1.065)
0.091 31 19.5 (15.2–23.7) 1.262 (0.805–

1.980)
0.311

  2 8 6 13.3 (3.0–23.5) 0.477 (0.195–
1.168)

0.100 5 26.7 (0.0–61.0) 0.815 (0.306–
2.173)

0.683

  1 or 2 53 44 11.4 (7.1–15.7) 0.674 (0.463–
0.982)

0.040b 36 20.4 (17.8–23.0) 1.175 (0.768–
1.797)

0.457b

 Haplotype III
  0 120 103 9.9 (8.8–10.9) 1.000 (reference) 71 20.8 (19.4–22.3) 1.000 (reference)
  1 42 38 7.5 (4.9–10.1) 1.893 (1.268–

2.827)
0.002 30 13.3 (10.2–16.3) 1.973 (1.257–

3.098)
0.003

  2 2 2 – 2.684 (0.628–
11.463)

0.183 2 – 4.119 (0.946–
17.933)

0.059

  1 or 2 44 40 7.2 (5.3–9.1) 1.925 (1.299–
2.852)

0.001b 32 13.1 (12.5–13.7) 2.039 (1.311–
3.172)

0.002b
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and 23% African–American individuals carry homozygous 
UGT1A1*28 [30]. In the current study, 26.8% of the patients 
were UGT1A1*28 variant genotype, including 25% hete-
rozygous UGT1A1*28, and 1.8% homozygous UGT1A1*28. 
Most studies conducted in Asian populations with respect 
to UGT1A1*28 and CPT-11 efficacy were either limited by 
small sample size [31–33] or were retrospectively designed 
[34, 35] or mixed with second-line/third-line populations 
[16].In contrast, our study was conducted prospectively in 
a homogeneous Chinese patient population dealt with rela-
tively single treatment protocols with a median follow-up 
time of 29.2 months.

Our study identified a novel prognostic role of haplo-
type III in survival. One to two copies of haplotype III car-
riers had shorter PFS and OS than zero copy carriers. None 
of the SNPs captured in block 2 was significantly associ-
ated with PFS or OS as a single agent, suggesting that the 
effect of haplotype III might be the result of a synergistic 
effect of each variant captured in the haplotype assess-
ment. Previously published data suggested associations of 
haplotypes of UGT1A genes with toxicity and/or treatment 
outcomes of irinotecan-treated patients, and indicated that 
the combined effects of several SNPs might have stronger 
predictive power [36–38]. The sub-population classified by 

Fig. 3   Kaplan–Meier curves of estimated survival classified by 
UGT1A1*28 genotypes and haplotype III copy numbers. a Progres-
sion-free survival (PFS) and b overall survival (OS) classified by 

UGT1A1*28 (rs8175347) genotypes. c PFS and d OS classified by 
the copy number of haplotype III (CCGC). Haplotype III, all variant 
alleles with the exception of rs3755321
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haplotype III heavily overlapped with groups classified by 
UGT1A1*28 genotypes, while the superimposable pattern 
of correlation in regarding to survival was more signifi-
cant in haplotype III divided groups. Hence, haplotype III 
may be more convincing than UGT1A1*28 in predicting 

treatment outcome, if the relationship can be validated in 
other independent studies.

Consistent with previous observations, we also found 
that (TA)6/7 or (TA)7/7 genotype showed a trend towards 
reduced likelihood of ORR; and patients carrying (TA)7 

Table 3   Association between all the genotypes/haplotypes and survival in the univariate and multivariate models

SNP single-nucleotide polymorphism, HR hazard ratio, CI confidence interval, PFS progression-free survival, OS overall survival, KPS Karnof-
sky performance status
a Multivariate analyses were adjusted for age, sex, KPS, histology and primary tumor site. Results in bold are significant at P < 0.004 (Bonferroni 
correction)
b In the dominant model

Gene SNP PFS (n = 164) OS (n = 164)

Univariate analysis Multivariate analysisa Univariate analysis Multivariate analysisa

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

UGT1A1 rs4124874b 0.909 (0.654–1.264) 0.572 0.961 (0.675–1.367) 0.823 1.542 (1.038–2.290) 0.032 1.794 (1.173–2.743) 0.007
UGT1A1 rs3755319b 0.906 (0.652–1.260) 0.559 0.957 (0.673–1.362) 0.808 1.497 (1.010–2.219) 0.045 1.730 (1.134–2.638) 0.011
UGT1A1 rs887829b 1.676 (1.153–2.437) 0.007 1.803 (1.217–2.671) 0.003 1.776 (1.162–2.714) 0.008 1.979 (1.267–3.091) 0.003
UGT1A1 rs8175347b 1.676 (1.153–2.437) 0.007 1.803 (1.217–2.671) 0.003 1.776 (1.162–2.714) 0.008 1.979 (1.267–3.091) 0.003
UGT1A1 rs4148323b 0.920 (0.645–1.312) 0.646 0.925 (0.642–1.333) 0.676 0.949 (0.625–1.443) 0.808 1.022 (0.664–1.571) 0.922
UGT1A1 rs8330b 0.833 (0.567–1.223) 0.352 0.819 (0.552–1.214) 0.320 1.061 (0.685–1.642) 0.792 1.016 (0.648–1.593) 0.945
UGT1A1 rs1500482b 0.833 (0.567–1.223) 0.352 0.819 (0.552–1.214) 0.320 1.061 (0.685–1.642) 0.792 1.016 (0.648–1.593) 0.945
UGT1A3 rs3821242b 0.909 (0.654–1.264) 0.572 0.961 (0.675–1.367) 0.823 1.542 (1.038–2.290) 0.032 1.794 (1.173–2.743) 0.007
UGT1A5 rs4233633b 0.751 (0.534–1.056) 0.100 0.756 (0.527–1.085) 0.130 1.257 (0.852–1.854) 0.250 1.422 (0.940–2.150) 0.095
UGT1A5 rs3755321b 0.677 (0.475–0.964) 0.031 0.687 (0.475–0.994) 0.046 1.095 (0.733–1.635) 0.658 1.197 (0.786–1.822) 0.401
UGT1A6 rs2070959b 0.984 (0.701–1.381) 0.924 0.980 (0.689–1.393) 0.910 0.946 (0.633–1.414) 0.786 1.009 (0.666–1.527) 0.968
UGT1A6 rs1105879b 0.929 (0.665–1.298) 0.667 0.944 (0.668–1.333) 0.744 0.937 (0.631–1.391) 0.746 0.997 (0.662–1.501) 0.989
UGT1A7 rs17868324b 0.701 (0.498–0.987) 0.042 0.752 (0.518–1.092) 0.135 0.983 (0.657–1.471) 0.933 1.152 (0.745–1.782) 0.524
UGT1A7 rs11692021b 0.984 (0.701–1.381) 0.924 0.980 (0.689–1.393) 0.910 0.946 (0.633–1.414) 0.786 1.009 (0.666–1.527) 0.968
Block 1 haplotype ab 1.076 (0.770–1.503) 0.667 1.059 (0.750–1.496) 0.744 1.067 (0.719–1.585) 0.746 1.003 (0.666–1.510) 0.989
Block 1 haplotype b 0.724 (0.353–1.486) 0.379 0.797(0.381–1.666) 0.546 0.880 (0.357–2.166) 0.781 0.935 (0.373–2.248) 0.887
Block 1 haplotype cb 0.984 (0.701–1.381) 0.925 0.980 (0.689–1.393) 0.910 0.946 (0.633–1.414) 0.786 1.009 (0.666–1.527) 0.968
Block 2 haplotype Ib 0.921 (0.662–1.281) 0.624 0.979 (0.688–1.394) 0.907 1.561 (1.049–2.322) 0.028 1.821 (1.190–2.788) 0.006
Block 2 haplotype IIb 0.669(0.466–0.961) 0.029 0.674 (0.463–0.982) 0.040 1.081 (0.720–1.622) 0.708 1.175 (0.768–1.797) 0.457
Block 2 haplotype IIIb 1.739 (1.196–2.528) 0.004 1.925 (1.299–2.852) 0.001 1.842 (1.205–2.815) 0.005 2.039 (1.311–3.172) 0.002

Table 4   Association between 
UGT1A1*28 genotypes and 
grade 3–4 toxicity

OR odds ratio, CI confidence interval, KPS Karnofsky performance status
a Ps were calculated with two-sided χ2 tests
b Logistic regression model including terms for age, sex, KPS, histology and primary tumor site
c In the dominant model

Variables No. of patients with-
out an event

No. of patients with 
an event

Pa OR (95% CI)b

n % n %

Diarrhea (n = 157)
 (TA)6/6 102 88.7 13 11.3 0.022 1.000 (reference)
 (TA)6/7 or (TA)7/7c 31 73.8 11 26.2 2.673 (1.039–6.876)

Neutropenia (n = 160)
 (TA)6/6 82 70.1 35 29.9 0.748 1.000 (reference)
 (TA)6/7 or (TA)7/7c 29 67.4 14 32.6 1.240 (0.554–2.776)
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allele had more than twofold increased risk of severe diar-
rhea [4, 19, 39]. We did not observe a significant correla-
tion between UGT1A1*28 genotype and the risk of severe 
neutropenia. The null relationship may be partially due to 
the dose reduction during the treatment. The above find-
ings indicated that individuals harboring (TA)6/6 geno-
type benefited more from the treatment of irinotecan-based 
therapy, with less risk of severe diarrhea and prolonged 
survival compared with (TA)7 allele carriers. With vali-
dation, UGT1A1*28 could be an ideal indictor to screen 
suitable individuals for irinotecan-based therapy and used 
to guide individualized treatment decisions.

Survival disadvantage in (TA)7 allele carriers may 
be because these patients were at increased risk of dose 
reduction due to severe side effects. In the study, patients 
carrying (TA)7 allele tended to have increased chance of 
dose reduction, and dose reduction lessened PFS rate and 
was related to a decreased OS trend. However, among 
patients without dose reduction, we also observed a sig-
nificant correlation between UGT1A1*28 genotype and 
survival. Therefore, dose reduction and UGT1A1 poly-
morphisms both exert an effect on survival. An extra TA 
repeat was reported to be a marker of malignant biologi-
cal properties of cancer cells [40]. Therefore, it is specu-
lated that a survival disadvantage of (TA)7 allele carriers 
may also be observed in cases that are not treated with 
irinotecan-based regimens. However, due to the single-arm 
design of this study, we were not capable of discriminat-
ing between the predictive and prognostic value of the 
observed associations.

Besides the limitation of the single-arm design, this 
study is also limited by the restricted number of samples, 
and requires confirmation in independent external patient 
cohorts with sufficient power to detect haplotype effects of 
the UGT1As. For the longitudinal design, not all the patients 
received the standardized treatment schedules as strict as 
those described in interventional clinical trials. However, 
from another perspective, the longitudinal study may rep-
resent a more real treatment experience of patients, and 
reflect the present clinical situation in a more literal way. 
Another limitation is that we did not check DPYD status, 
which was used as an indicator of fluorouracil related toxic-
ity and efficacy.

This is the first study conducted to date that confirmed 
the predictive effect of UGT1A1*28 on both PFS and OS of 
mCRC patients administered with irinotecan. (TA)6/6 geno-
type is a predictor for more survival benefit and a lower risk 
of severe diarrhea for irinotecan-based therapy in Chinese 
mCRC patients. Moreover, genotyping a few markers in the 
UGT1A genes instead of a single UGT1A1*28 may improve 
the predictive power for the treatment outcome. However, 
to establish guidelines for first-line treatment selection or 
dose modification based on UGT1A polymorphisms, another 

independent prospective study and further gene functional 
verification research are needed to be taken.
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