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Abstract

Purpose Differences in efficacy and toxicity between
UDP-glucuronosyltransferase (UGT) 1A1*1/*1 and *1/*6
or *]/*28 genotypes remain unclear in Japanese patients.

Methods Patients with advanced colorectal cancer who
received irinotecan combined with 5-fluorouracil plus
I-leucovorin (FOLFIRI) as first-line therapy were divided
into two groups: those with UGTIAI*I/*] genotype and
those with UGTIAI*1/%6 or *1/*28 genotype. Efficacy
and toxicity were compared between these groups
retrospectively.

Results  Forty-two patients (24 *1/*1 and 18 *1/%6 or *1/
*28) were evaluated. The response rate was 48% in *1/*1
group and 56% in *1/%6 or *1/*28 group (P = 0.847).
Median progression-free survival was 8.6 months in *1/*]
group and 8.5 months in *I/%6 or *1/*28 group
(P = 0.888). No hematologic or non-hematologic toxic
effects were clearly related to UGTIAI*1/%6 or *1/*28
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during the first cycle or throughout the entire course of
chemotherapy.

Conclusions There were no significant differences in the
efficacy or toxicity of FOLFIRI between patients with
UGTIAI*#1/*1 genotype and those with UGTIAI*1/%6 or
*]/%28 genotype. Our results suggest that patients with the
latter genotypes can receive FOLFIRI at the same dose of
irinotecan as those with the UGTIAI*1/*] genotype
receive.

Keywords UGTIAI*6 - UGTIAI*28 - Heterozygote -
Irinotecan - Efficacy - Toxicity

Introduction

Irinotecan is a topoisomerase I inhibitor that is widely used
for the treatment of metastatic colorectal cancer and other
solid tumors. This drug can cause unpredictable, severe,
potentially fatal toxicities, such as neutropenia or delayed
diarrhea. Irinotecan is a prodrug that is converted by carb-
oxylesterase 2 to its active 7-ethyl-10-hydroxycamptothecin
metabolite (SN-38) which is further metabolically detoxified
by hepatic UDP-glucuronosyltransferase (UGT) 1Al to an
inactive metabolite, SN-38 glucuronide (SN-38G) [l1].
Many pharmacogenetic studies have demonstrated that
polymorphisms of the UGTIAI gene, especially UGTIAI
*28, underlie irinotecan-related toxicity [2, 3]. Asians
have a lower allele frequency of UGTIAI*28, although
UGTIAI*28 is seen in both Asians and whites (allele fre-
quency of 16 and 39%, respectively) [4]. In contrast, single
nucleotide polymorphisms in exon 1 of the UGTIAI gene,
UGTIAI*6, which is related to decreased catalytic
activity for SN-38 [5], occurs at a relatively high allele
frequency in Asians (about 20%), but not in whites [6—8].
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Since UGTIAI*28 and *6 are separately located on two
different alleles, UGTIAI*6/*6, *28/*28, and *6/*28
genotypes are found in Asians. These UGTIAI genotypes
have been linked to severe neutropenia in Asians [7, 8].

Pharmacodynamic differences in efficacy and toxicity
have not been detected between the UGTIA1*#1/%28 and *1/
*] genotypes in whites [9]. However, whether UGTIAI*1/
*] and *1/%6 or *1/*28 genotypes are associated with dif-
ferences in efficacy and toxicity in Asians remains uncer-
tain; nevertheless, the frequency of UGTIAI*1/%6 or *1/
*28 genotype is higher in Japanese patients with cancer
(about 45%; *1/%6 [29%], *1/*28 [16%]) [6-8]. To ensure
clinical safety and effectiveness, it is important to compare
the efficacy and toxicity of irinotecan between Japanese
patients with UGTIAI*1/*6 or *1/*28 genotypes and
patients with UGTIAI*1/*1 genotype.

In clinical practice, irinotecan is frequently combined
with 5-fluorouracil plus /-leucovorin (FOLFIRI) for the
first-line treatment of advanced colorectal cancer [10]. We
therefore retrospectively investigated the relations between
the UGTIAI*1/%6 or *1/*28 genotypes and efficacy and
toxicity in patients with advanced colorectal cancer who
received FOLFIRI as first-line chemotherapy, and com-
pared those with UGTIAI*1/*1 genotypes.

Patients and methods
Study design

This retrospective study was performed at Saitama Medical
University Hospital and International Medical Center. The
primary objective was to compare the efficacy and toxicity
of FOLFIRI as first-line chemotherapy between patients
with the UGTIAI*1/*1 genotype and those with *1/%6 or
*1/%28 genotype. All patients signed written informed
consent for UGTIAI genotyping of their peripheral blood
samples. The study protocol for UGTIAI genotyping was
approved by the Institutional Review Board of Saitama
Medical University.

Treatment

Patients were treated with FOLFIRI as described by
Tournigand et al. [11] (I-leucovorin 200 mg/m2 as a 2-h
intravenous infusion and irinotecan 180 mg/m” as a 90-min
intravenous infusion, followed by a bolus intravenous
injection of 5-fluorouracil 400 mg/m” and a 46-h intrave-
nous infusion of 5-fluorouracil 2,400 mg/rnz, repeated
every 2 weeks).

@ Springer

Treatment was discontinued if grade 3 or 4 toxicity
recurred in a subsequent cycle, despite dose reduction.
Treatment was continued until disease progression, unac-
ceptable adverse events, or withdrawal of consent by the
patient.

Efficacy and toxicity assessments

In patients who had received FOLFIRI for at least
2 months, responses were assessed by computed tomog-
raphy or magnetic resonance imaging according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria [12]. Efficacy was evaluated on the basis of the
overall response rate and progression-free survival (PFS).
PFS was defined as the date of starting treatment with
FOLFIRI to the date of disease progression as defined by
the RECIST criteria or to the date of death from any cause.
The same imaging method was used for baseline tumor
measurements and tumor reassessments.

Toxicity was evaluated according to National Cancer
Institute Common Toxicity Criteria for Adverse Events,
Version 3.0, in all patients who had received FOLFIRI at
least once. Complete blood counts and hepatic and renal
function tests were performed before the initiation of each
cycle. Patients were questioned specifically about nausea
and vomiting, mucositis, diarrhea, and appetite at the
beginning of every cycle.

Statistical analysis

PFS was calculated by the Kaplan—Meier method with JMP
version 6 software (SAS Institute, Cary, NC). The deadline
for data evaluation was December 31, 2009. The statistical
significance of differences in PFS between subgroups was
assessed by the log-rank test, using JMP software.

The chi-square test or Fisher’s two-tailed exact test was used
to evaluate the association of UGTIAI genotype with efficacy
and toxicity. Correlations were considered statistically signifi-
cant when the two-tailed P value was less than 0.05.

UGTIAI genotyping

Genomic DNA was extracted from peripheral blood, stored
at —80°C until analysis, with the use of a QIAamp Blood
Kit (QIAGEN, Hilden, Germany).

The G71R polymorphism (*6) was analyzed by the
polymerase chain reaction-restriction fragment length
polymorphism method, and the TATA box polymorphism
(*28) was analyzed by the direct sequencing method as
described by Fujita et al. [13].
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Results
Patients

Between April 2005 and December 2009, 42 consecutive
patients with advanced colorectal cancer were studied. The
baseline characteristics of patients are summarized in
Table 1. Most patients were in good overall physical
condition, although 50% had at least two metastatic sites.
All patients had a performance status of O or 1 according to
the Eastern Cooperative Oncology Group scale, with ade-
quate bone marrow, liver, and renal function. The UGTIAI
genotype was *I/*] in 24 patients and *1/%6 or *1/*28 in
18. There were no differences in the characteristics
between the two groups.

Efficacy

Response was assessable in 39 of the 42 patients who
received FOLFIRI as first-line therapy (Table 2). One
patient (3%) had a complete response (CR), and 19 (49%)
had a partial response (PR). The overall response rate
(CR + PR) was 51% (20/39). The overall response rates
were similar in *1/*] group (48%) and *1/%6 or *1/*28
group (56%, P = 0.847).

The Kaplan—-Meier curves for PFS in the patients with
both groups are shown in Fig. 1. Median PFS was similar

Table 1 Patient characteristics

Characteristic All (n = 42)
Sex

Male/female 27/15
Age (year)

Median 60 (39-72)*
ECOG performance status

0/1 33/9
Primary tumor site

Colon/rectum 20722
Metastatic site

Liver/lung/lymph nodes/others 21/18/12/11

Number of metastatic sites

1/>2 19/19
Mean total bilirubin (mg/dl) 0.5 (0.3-1.1)*
Mean creatinine clearance (ml/min)b 88.2 (47.7-186)*

UGTIAI genotype

#] /4] 24 (57%)
#1/428 5 (12%)
#1/46 13 (31%)

4 Numbers in parentheses are ranges

® Creatinine clearance was calculated with the Cockeroft—Gault
equation

in *1/*] group (8.6 months) and *I/*6 or *1/*28 group
(8.5 months, P = (0.888).

Toxicity

Table 3 compares toxic effects between *1/*] group and
*1/%6 or *1/*28 group. During the first cycle of chemo-
therapy, the frequency of grade 3 or 4 neutropenia in *1/*]
group did not differ significantly from that in *1/%6 or *1/
*28 group (P = 0.675). The incidence of febrile neutro-
penia was 4% in *1/*] group and 0% in *1/*6 or *1/*28
group (P = 0.883). There was no significant difference in
non-hematologic toxicity between groups. During the
entire course of chemotherapy, there were also no signifi-
cant differences in any toxic effects between groups
(Table 3).

The dose of irinotecan was reduced in 18 of the 42
patients: 11 (61%) in *1/*1 group and 7 (39%) in *1/%6
or *1/*28 group. The reduced dose of irinotecan was
150 mg/m?. The proportion of patients in whom the dose of
irinotecan was reduced was similar in *//*] group (61%)
and *1/%6 or *1/*28 group (39%, P > 0.05, chi-square
test).

Discussion

This is the first study to show that the efficacy and toxicity
of FOLFIRI as first-line chemotherapy did not significantly
differ between UGTIA1*1/*] and UGTIA1*1/%6 or *1/%28
genotype in Japanese patients with advanced colorectal
cancer. Our results suggest that patients with UGTIAI*1/%6
or *1/*28 genotype can receive FOLFIRI at the same dose
of irinotecan as those with UGTIAI*1/*1 genotype.

Only a few studies have evaluated the effects of
UGTIAI*1/%6 or *1/*28 genotype on the efficacy of

Table 2 Association of UGTIAI genotype with tumor response

Genotype group Number of patients

All *1/%1 *]/%6 or P value®
(n=42) (n=24) *1/%28
(n =18)
Complete response 1 1 0
Partial response 19 10 9
Stable disease 12 3
Progressive disease 7 4
Not evaluable 3 1 2
Overall response rate (%) 51 48 56 0.847

Responses were assessed by computed tomography or magnetic res-
onance imaging according to the RECIST criteria

% Comparison of response between *1/*1 and *1/%6 or *1/%28 groups
by chi-square test
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Fig. 1 Kaplan—-Meier curves for PFS in patients with UGTIAI*1/*1
and *1/%6* or 1/*28. Solid line represents UGTIA1*1/*] and dotted
line indicates UGTIAI*1/%6 or *1/*28

irinotecan in Japanese patients. As for UGTIAI*6, a
polymorphism specific to Asians, Han et al. [8] showed
that Korean patients with non-small-cell lung cancer
who harbored UGTIA1*6/%6 and received irinotecan plus
cisplatin had lower tumor response rates and shorter PFS
and overall survival than those with other genotypes
(UGT1A1*1/*1 plus UGTIAI*1/*6). However, the relation
between UGTIAI*1/*%6 and response was not examined or
compared with the relation between UGTIAI*1/*] and
response. As for UGTIA1%28, one study reported that this
polymorphism is associated with a non-significant trend
toward a better response in Japanese patients with cancer
[3]. In contrast, Marcuello et al. [14] reported that the

Table 3 Most common adverse events

presence of one or two allele(s) of UGTIAI*28 was not
associated with a significantly higher response rate or a
survival advantage in patients with metastatic colorectal
cancer who received irinotecan. In patients with colorectal
caner treated with FOLFIRI, the presence of UGTIA1*28/
*28 was associated with a significantly better response rate
and a longer time to progression (TTP) than was the
presence of UGTIAI*1/*1 [9, 15]. Interestingly, Toffoli
et al. [9] and Cecchin et al. [15] demonstrated a longer TTP
in patients with UGTIAI*1/*28 than in those with wild
type, despite no significant difference in response rate
between these genotypes.

Toffoli et al. [9] and Cecchin et al. [15] showed that the
UGTIA1#28/*28 genotype was associated with a signifi-
cantly increased risk of grade 3 or 4 hematologic toxicity
during the first cycle of FOLFIRI treatment, but not the
entire course of treatment. They found no differences in
grade 3 or 4 toxicity between UGTIAI*1/*28 and *1/*]
during either the first cycle or the entire course of chemo-
therapy. We similarly evaluated the effects of UGTIAI*1/
*6 or *1/*28 genotype on irinotecan-induced severe toxic-
ity during the first cycle and the entire course of treatment.
We found no significant association between the UGTIAI
genotype groups and grade 3 or 4 toxicity, consistent with
the results of Toffoli et al. and Cecchin et al.

Araki et al. [16] reported no significant difference in the
area under the plasma concentration-time curve (AUC)
ratio of SN-38 to SN-38G between patients heterozygous
for UGTIAI%*6 or *28 and those with *1/*]. Han et al. [8]
also found no significant difference between UGTIAI*1/
*28 and *I/*] with respect to AUC ratio or irinotecan-
induced toxicity, consistent with our results. These findings

Adverse First cycle P Entire course of chemotherapy P?
event Grade 1-4 Grade 34 Grade 14 Grade 34
*1/%] *1/%6 or *1/%28 *1/*] *1/%6 or *1/*28 *1/%] *1/%6 or *¥1/*28 *1/*1 *1/%6 or *1/*28
n=24) (n=18) (n=24) (n=18) m=24) (n=18) n=24) (n=18)
Hematologic
Neutropenia 13 (54%) 9 (50%) 4 (17%) 3 (17%) 0.675 20 (83%) 11 (61%) 8 (33%) 6 (33%) 0.740
Leukopenia 8 (33%) 3 (16%) 2 8%) 1(6%) 0.795 15 (63%) 7 (39%) 28%) 2(11%) 0.819
Febrile 1 (4%) 0 (0%) 1 (4%) 0 (0%) 0.883 1(4%) 0 (0%) 1 (4%) 0 (0%) 0.883
neutropenia
Non-hematologic
Diarrhea 6 (25%) 2 (11%) 0 (0%) 1 (6%) 0.883 11 (46%) 6 (33%) 0(0%) 1 (6%) 0.883
Nausea 8 (33%) 8 (44%) 0(0%) 0 (0%) 0.440 17 (71%) 13 (72%) 2 (8%) 0(0%) 0.601
Vomiting 6 (21%) 4 (22%) 0(0%) 0 (0%) 0440 8 (33%) 7 (39%) 2 (8%) 0(0%) 0.601
Mucositis 2 (8%) 3 (17%) 1 (4%) 0 (0%) 0.883 7 (29%) 6 (33%) 1 (4%) 0 (0%) 0.883
Anorexia 10 (42%) 9 (50%) 0(0%) 1 (6%) 0.883 14 (58%) 11 (61%) 00%) 1 (6%) 0.883
Infection 0(0%) 0 (0%) 0(0%) 0(0%) 0440 2@8%) 2 (11%) 0(0%) 1 (6%) 0.883

 Difference in the frequencies of grade 3—4 adverse events between *1/%1 and *1/%6 or *1/*28 group
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support the results of our study. Mimani et al. [7] reported
that the AUC ratio observed in almost all patients with the
UGTIAI*1/%6 or *1/*28 genotype treated with irinotecan
mono- or combination—therapy at doses ranging from 60 to
150 mg/m* was significantly lower than that in those with
*1/*]. However, they did not show differences in toxicities
seen between patients with UGTIAI*1/*28 or *1/%6 and
those with *1/*].

A recent meta-analysis by Hoskins et al. [17] pointed
out that the predictive power of UGTIAI%*28 genotype for
irinotecan-induced severe neutropenia increased according
to the irinotecan dose increment. Ichikawa et al. [18]
provided a theoretical consideration for the analysis by
Hoskins et al. by demonstrating the dose-dependent
increase in the AUC ratio that was in parallel with the
increase in irinotecan-induced severe toxicity. Based on
these findings, the AUC ratio and severe toxicities of
irinotecan seen in patients with UGTIAI*1/%6 or *1/*28
might be higher than those seen in patients with *1/*]
when the higher dose of irinotecan is administered.

A limitation of the present study is hypothesis generat-
ing, because of the retrospective design and relatively
small study group. Prospective studies involving larger
numbers of patients should be planned to confirm our
hypothesis, even though many patients are now treated
with FOLFIRI combined with monoclonal antibodies such
as bevacizumab or cetuximab as first-line therapy for
advanced colorectal cancer in Japan.

In conclusion, the efficacy and toxicity of FOLFIRI
did not differ significantly between patients with the
UGTIAI*1/%6 or *1/*%28 genotype and those with the
UGTIAI1*1/%1 genotype. Our results suggest that patients
with UGTIAI*1/%6 or *1/%28 can receive FOLFIRI at a
similar dose of irinotecan to that used in patients with
UGTIAI*1/*1.
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