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Abstract

High-dose FOLFIRI has an acceptable safety profile and promis-
ing efficacy. UDP-glucuronosyltransferase: (UGT1A1) polymor-
phism may be predictive of toxicity and efficacy of irinotecan. This
phase II study aimed to evaluate the combination of high-dose
FOLFIRI plus bevacizumab in patients with previously untreated
metastatic colorectal cancer (MCRC) based on their UGT1A1 geno-
type. Patientswith theUGT1A1 �1/�1 (group 1) or �1/�28 (group2)
genotype received bevacizumab plus high-dose FOLFIRI every 2
weeks. Using the Bryant andDaydesignwith objective response rate
and toxicity as theprimaryendpoints, 54patients ineachgroupwere
required with a planned interim analysis after inclusion of 17
patients per group. We planned to stop the trial at the interim
analysis if�7 patients exhibited an objective response (OR) and/or

�3 patients exhibited severe toxicity. At the interim analysis, ORs
were higher than the number expected: 52.9% (group 1) and58.8%
(group2).More than three toxic eventsoccurred inbothgroups and,
according to the interim analysis rule, the trial was closed due to
unacceptable toxicity. Recruitment was stopped when 86 patients
were included and an analysis on overall population was done for
overall survival (OS) and progression-free survival (PFS). Themedi-
an PFSwas 10.7months (group 1) and 10.4months (group 2). The
medianOSwas 25.5months (group 1) and 23.9months (group 2).
This trial does not support the use of the intensive treatment
with HD-FOLFIRI plus bevacizumab combination for MCRC in
patients with the UGTA1�1/UGT1A1�1 or UGT1A1�1/UGT1A1�28
genotype. Mol Cancer Ther; 14(12); 2782–8. �2015 AACR.

Introduction
Irinotecan is a camptothecin analogue with antitumor activity

mediated through the inhibition of topoisomerase I. Irinotecan is
metabolized by carboxylesterase to form active SN-38, which is
further conjugated and detoxified by UDP-glucuronosyltransfer-
ase (UGT; ref. 1). Multiple factors determine SN-38 levels, among
themUGTability to inactivate SN-38by glucuronidation seems to
be of importance. Several polymorphisms in UGT, especially the
UGT1A1 isoform, have been shown to influence the glucuroni-
dating capacity and, consequently, the pharmacokinetics and
toxicity of irinotecan. Different UGT1A1 genotypes have been
described. Some of these genotypes are associated with the
decreased activity of the corresponding enzyme isoform, leading
to constitutional unconjugated jaundice, Crigler-Najjar or Gil-
bert's syndrome (2), or decreased SN-38 glucuronidation activity
(3, 4). Accumulation of the active metabolite SN-38 would
increase toxicity of irinotecan.

Themost common (wild-type) UGT1A1 allele is believed to be
UGT1A1�1. TheUGT1A1�28 allele is associatedwith a 2-base pair
(bp) insertion (TA) in the TATA box in the promoter, resulting in
the sequence (TA)7TAA (the most common sequence is
(TA)6TAA). This nucleotide change in the promoter region is
associated with the reduced expression of the protein and, there-
fore, with the decreased activity of SN-38 glucuronidation (a 50%
decrease inUGT1A1�28/UGT1A1�28patients and a25%decrease
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in UGT1A1�1/UGT1A1�28 patients compared with UGT1A1�1/
UGT1A1�1 patients; ref. 4).

Taking into account both toxicity and compliance, a clinical
dose-finding study established the recommended dose of iri-
notecan combined with the biweekly LV5FU2 regimen to be
180 mg/m2 every 2 weeks, although MTD criteria were not met
at doses up to 260 mg/m2 (5).

Results from a genotype-driven phase I study suggested, how-
ever, that this recommended dose is considerably lower than the
dose that can be tolerated by patients with normal SN-38 glucur-
onidation (6). Therefore, because there is a dose linearity of
irinotecan pharmacokinetics with proportional increases in the
AUCof both irinotecan and SN-38with higher doses of irinotecan
(7), dose intensification may be a way to optimize the efficacy of
treatments in selected patients (6). The combination of high-dose
irinotecan (260 mg/m2) with the simplified LV5FU2 regimen
(HD-FOLFIRI regimen) was shown to be feasible with an accept-
able safety profile and promising efficacy data (8).

The combination of 5-fluorouracil, irinotecan, and bevacizu-
mab is a standard treatment for metastatic colorectal cancer
(MCRC; ref. 9). Adding bevacizumab to this optimized chemo-
therapy regimen may be of interest.

The aim of this phase II study was to evaluate the tolerance
and efficacy of the HD-FOLFIRI regimen in combination with
bevacizumab (B) in patients with the UGT1A1 �1/�1 and �1/�28
genotypes.

Patients and Methods
Participants

This study was an open-label, nonrandomized, phase II trial.
Patients 18 to 74 years old with a World Health Organization
(WHO) performance status (PS) of less than 2 and nonresectable
MCRC who had not previously been treated were eligible for
inclusion if they exhibited the UGT1A1�1/�1 or UGT1A1�1/�28
genotype. We excluded patients with UGT1A1�28/�28 genotypes
because this genotype is present in only 9.8% to 11% of the
population (10) and would increase dramatically the number of
patients to screen and to include and the time length of the study.
Previous adjuvant chemotherapy without irinotecan was allowed
if the last administration was performed at least 6 months before
inclusion in the study. At least one lesion had to be measurable
according to RECIST criteria. Patients had to have adequate bone
marrow and liver and renal function (i.e., hemoglobin concen-
tration�9 g/dL, neutrophil cell count�1.5� 109 cells/L, platelet
count �100 � 109/L, serum bilirubin concentration �1.5 times
the upper limit of normal, and alkaline phosphatase concentra-
tion �2.5 times the upper limit of normal; �5 times the upper
limit of normal in cases of liver metastases). Patients were not
eligible if they exhibited brain metastases or a serious concom-
itant medical disorder that would prevent the safe administra-
tion of chemotherapy or would be likely to interfere with study
assessments. Written informed consent was obtained from all
patients before study entry. The study was approved by the
Boulogne-Billancourt Hospital (France) ethics committee and
was registered at ClinicalTrials.gov, number NCT00628810.

Genotyping
UGT1A1 genotyping was performed on blood samples (10-mL

EDTA tubes) after obtaining written consent from the patient.
DNA was extracted using the QiAMp blood DNA extraction kit

(Qiagen) in the Laboratory of Biochemistry at the "Hospital
Europ�eenGeorges Pompidou" in Paris. After quantification, DNA
was stored at �20�C until genotyping was performed. The
UGT1A1�28 allele of the gene was detected by fragment analysis.
All alleles were characterized after the amplification of the DNA
fragment using PCR by capillary electrophoresis for polymorph-
isms (9700 sequencing, Applied Biosystems). Genotyping results
were sent within 10 days to the investigator.

Statistical considerations and trial design
The goal of adding targeted therapy to chemotherapy is gen-

erally to increase efficacy without increasing unacceptable toxic-
ity. We have considered, after literature analysis, that a reasonable
expected objective response rate (ORR) rate must be at least 60%
(ORR for FOLFIRI Bevacizumab combination is around 58%
(11), 49% for FOLFIRI (12), 54% for HD FOLFIRI (8), and the
unacceptable level of severe toxicity must be under 20%.

Two groups of patients were considered according to their
UGT1A1 genotype (Group 1: UGT1A1�1/UGT1A1�1; Group 2:
UGT1A1�1/UGT1A1�28). The frequency of UGTIA1�28 alleles is
reported to be about 32% in the Caucasian population (10).
A Bryant and Day design was used with the ORR at 6 months and
toxicity as the primary endpoints [independent review, H0: insuf-
ficient efficacy, ORR � 40%; H1: expected efficacy ORR � 60%,
grade 4 or febrile neutropenia or grade 3–4 diarrhea (NCI CTC
Version 2.0); H0: unacceptable toxicity, grade 3–4 toxicity� 20%;
H1: acceptable toxicity, grade 3–4 toxicity �5%]. An interim
analysis was planned after the inclusion of 17 patients per group
after 6 months of follow-up: if 7 patients or less had no objective
response or/and 3 ormore patients had unacceptable toxicity, the
study would be stopped for futility, if 8 or more patients had an
objective response or/and 2 or less patients had unacceptable
grade 3–4 toxicity, 37more patients per group were required for a
total of 108 patients, 54 in each group, (a 5% and power 80%).

The secondary endpoints included progression-free survival
(PFS) and overall survival (OS). PFS was calculated as the interval
from the date of inclusion in the study to the first report of disease
progression or death from any cause or cutoff date. OS was calcu-
lated as the interval from the date of inclusion until death fromany
cause or until the date of the last follow-up or cutoff date. The
Kaplan–Meiermethodwas used to estimate theOS and PFS curves.

The cutoff date for the final analysis was January 01, 2011. All
analyses were based on the intent to treat principle. All tests were
two sided, and P values less than 0.05were regarded as significant.
Data were analyzed using the STATA statistical software (version
10.0). In the absence of very serious adverse events, the study was
planned not to stop enrollment during the interim analysis and
finally 86patientswere included, wepresent here the results of the
interim analysis and in parallel of the overall population
included.

Treatment
Patients were treatedwith bevacizumab 5mg/kgD1, irinotecan

260mg/m2 D1, LV 400mg/m2 D1, 5FU 400mg/m2 IV bolus D1,
and 5FU 2,400 mg/m2 46-hour infusion D1-2 every 2 weeks.
Treatment was started within 2 weeks after inclusion in the study.

Prophylactic G-CSF administration was not allowed as a pri-
mary prevention. G-CSF use was recommended in the case of
grade 4 neutropenia for more than 7 days, febrile neutropenia,
infection with concomitant grade 3–4 neutropenia, or nonrecov-
ery of neutrophil cell counts �1,500/mm3 after 1 week.
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Drug dose reductions and delays in the case of hematologic or
nonhematologic toxicities were detailed in the protocol. The
treatment was stopped in the event of patient withdrawal, disease
progression, or unacceptable toxic effects (nonhematologic grade
4 toxicity, nonrecovery from grade 3 toxicity after two dose
adjustments, or nonrecovery after a 2-week treatment delay). Any
dose reduction was permanent.

The tumor response was assessed every four cycles with CT or
MRI according to the RECIST criteria. An objective response had
to be confirmed by CT or MRI after 4 weeks. An external
radiologic review was performed. Toxic effects were graded
according to the National Cancer Institute Common Toxicity
Criteria (version 2.0) until 4 weeks after the end of study
treatments. At every visit, patients underwent history taking,
physical examination, hematologic tests, and biochemical tests.
An independent data monitoring committee reviewed the safe-
ty data on a regular basis.

Results
Patients were recruited between January 29, 2007, and January

30, 2008, for the first 34 patients analyzed in the interim analysis,
December 11, 2008, for the final 86 included patients, at 20
centers in France. Thirty-four patientswere analyzed in the interim
analysis (IA; 17 in each group). As study inclusion was not
stopped before the availability of the IA results, a total of 86
patients were included (40 patients in group 1 and 46 patients in
group 2). One patient in group 2 was never treated because brain
metastases were discovered after the patient's inclusion in the
study. The flow chart of the study is presented in Fig. 1.

Patient characteristics
Interim analysis. The baseline characteristics of the patients ana-
lyzed in the interim analysis are presented in Table 1. Themedian
patient age was 59 years (range: 52–75 years) in group 1 and 57

years (range: 44–72 years) in group 2. The WHO PS was 0–1 for
94.1% of the patients in both groups, but only 29.4% of the
patients had a PS equal to 0 in group 1, compared with 52.9% in
group 2. The primary tumor locationwas the colon and rectum in,
respectively, 58.8% and 41.2% of the patients in group 1 and
88.2% and 11.8% of the patients in group 2. Patients of group 2
had more frequently liver metastasis than patients of group 1,
respectively, 88.2% and 52.9%, lung metastasis was more fre-
quent in group 1 than in group 2: 58.8% and 11.8%.

Overall population. The median population age was 59 and 61
years for group 1 and group 2. TheWHOPSwas 0–1, respectively,
for 92.5% and 91.3% of the patients. The primary tumor location
was the colon for 70.0% in the group 1 and 73.9% in the group 2.
Liver metastasis rates were, respectively, 72.5% and 84.8% for
group 1 and 2, 35.0% and 26.1% for lung metastasis.

Treatment administration
Interim analysis. Themedianduration of treatmentwas 14months
(range: 1–28 months) in group 1 and 6.5 months (range: 0–25
months) ingroup2(Table2). Themediandoseper cycle for cycles 1
to 4was similar in both groups, but the patients in group 2 received
a median of 12 treatment cycles (range: 0–30 cycles), compared
with 22 cycles (range: 4–38 cycles) for the patients in group 1.

Overall population. Themedian duration of treatment was similar
in the two groups: 7.0 months. The median dose per cycles 1 to 4
was similar in the both groups, and the patients received the same
median number of cycles: 14.5 for group 1 and 13.5 for group 2.

Primary endpoint results
Interim analysis. In both groups, the confirmedORR, as estimated
by the independent central review, was higher than the number
(>7) required by the stopping rule [9 (52.9%) and 10 (58.8%)
objective responses in group 1 and group 2, respectively].

Group 1 
UGTA1*1/UGTA1*1

Group 2†

UGT1A1*1/UGT1A1*28

n = 17 pa�ents n = 17 pa�ents†

n = 40 pa�ents n = 46 pa�ents†

Interim analysis
n = 34

Overall pa�ents 
included

N = 86

Figure 1.
Study flow chart. †,1 patient in group 2
was never treated because brain
metastases were discovered after the
patient's inclusion.

Manfredi et al.

Mol Cancer Ther; 14(12) December 2015 Molecular Cancer Therapeutics2784

on April 7, 2016. © 2015 American Association for Cancer Research. mct.aacrjournals.orgDownloaded from 

Published OnlineFirst October 22, 2015; DOI: 10.1158/1535-7163.MCT-15-0293 



Three or more toxic events occurred in both groups (group 1: 7
events; group 2: 3 events), and the interim analysis stopping rules
required less than 3 events to continue the trial (Table 3). The trial
was therefore closed to inclusion after the results of the interim
analysis.

Overall population.However, during the interim analysis and the
availability of the results, recruitment was ongoing and finally a
total of 86 patients were included (40 patients in group 1 and 46
patients in group 2). ORR was 45.0% in group 1 and 56.5% in
group 2 and toxic events occurred for 11 patients and 8 patients,
respectively.

Tolerance
Interimanalysis.Toxicities by grouparepresented inTable4. There
was no death due to toxicity. All the patients experienced at least
one adverse event, and 94.1% and 81.2% of the patients in group
1 and group 2, respectively, exhibited at least 1 grade 3–4 toxicity.

Severe diarrhea occurred in 23.5% of the patients in group
1 and in 12.5% of the patients in group 2, whereas severe
neutropenia was more frequent in group 2 (37.5% vs. 29.4%).

Bevacizumab-related adverse events did not differ between the
groups [except for grade 3–4 venous thromboembolic events
(VTE), which occurred in 23.6% of patients in group 1 vs.
6.2% in group 2]. Arterial hypertension was observed in 23.5%
of the patients in group 1 compared with 6.2% in group 2. Only
one patient in each group exhibited grade 3 arterial hypertension.
Approximately half of the patients exhibited epistaxis (mainly
grade 1–2) in each group. Cerebral ischemia occurred in one
patient in group 1.

Overall population. About 75.0% and 82.2% of patients of groups
1 and 2 exhibited at least one grade 3–4 toxicity. Severe diarrhea
and VTE were more frequent in group 1 than in group 2, whereas
severe neutropenia wasmore frequent in group 2 than in group 1.
Arterial hypertension rate was similar in the both group. Epistaxis
was equally frequent in the two groups.

PFS and OS on the overall population (Table 5)
The median PFS was 10.7 months (95% confidence intervals;

CI, 8.5–13.1) in group 1 and 10.4 months (95% CI, 8.8–12.3) in
group 2 (nonsignificant: NS). The median OS was 25.5 months

Table 1. Patient characteristics at baseline

Interim population Overall population
n ¼ 34 N ¼ 86

Group 1 Group 2 Group 1 Group 2
n ¼ 17 n ¼ 17a n ¼ 40 n ¼ 46a

Age, y
Median (range) 59 (52–75) 57 (44–72) 59 (39–75) 61 (40–74)

WHO performance status n (%) n (%) n (%) n (%)
0 5 (29.4) 9 (52.9) 18 (45.0) 24 (52.2)
1 11 (64.7) 7 (41.2) 19 (47.5) 18 (39.1)
2 1 (5.9) 1 (5.9) 3 (7.5) 4 (8.7)

Sex n (%) n (%) n (%) n (%)
Male 11 (64.7) 11 (64.7) 24 (60.0) 29 (63.0)

Primary tumor location n (%) n (%) n (%) n (%)
Colon 10 (58.8) 15 (88.2) 28 (70.0) 34 (73.9)
Rectum 7 (41.2) 2 (11.8) 12 (30.0) 12 (26.1)

Metastatic sites n (%) n (%) n (%) n (%)
Liver 9 (52.9) 15 (88.2) 29 (72.5) 39 (84.8)
Lung 10 (58.8) 2 (11.8) 14 (35.0) 12 (26.1)
Peritoneum 0 2 (11.8) 5 (12.5) 9 (19.6)

NOTE: Group 1: UGTA1�1/UGTA1�1; Group 2: UGT1A1�1/UGT1A1�28.
a1 patient in group 2 was never treated because brain metastases were discovered after the patient's inclusion.

Table 2. Treatment administration

Interim population Overall population
n ¼ 34 N ¼ 86

Group 1 Group 2 Group 1 Group 2
n ¼ 17 n ¼ 17a n ¼ 40 n ¼ 46a

Number of cycles
Median (range)

22 (4–38) 12 (0–30) 14.5 (3–38) 13.5 (0–40)

Duration of treatment (mo)
Median (range)

14 (1–28) 6.5 (0–25) 7 (1–28) 7.0 (0–25)

Dose per cycle (cycles 1 to 4),
median (range)
Bolus 5FU (mg/m2) 392.9 (0; 410.2) 398.9 (0–419) 396.1 (0–411.0) 394.9 (0–419)
IV 5FU (mg/m2) 2,357.4 (1633.4; 2474.0) 2,398.8 (0–2493.1) 2,389.4 (1633.4–2474.0) 2,393.1 (0–2493.1)
Irinotecan (mg/m2) 255.2 (175.6; 264.3) 260.0 (0–270.6) 257.8 (162.8–264.3) 2,56.2 (0–270.6)
Bevacizumab (mg/kg) 5.0 (3.8; 5.0) 4.9 (0–5.3) 5.0 (3.8–5.2) 5.0 (0–5.4)

NOTE: Group 1: UGTA1�1/UGTA1�1; Group 2: UGT1A1�1/UGT1A1�28.
a1 patient in group 2 was never treated because brain metastases were discovered after the patient's inclusion.
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(95% CI, 21.7–36.6) in group 1 and 23.9 months (95% CI, 18–
37.1) in group 2 (NS).

Discussion
Optimization of medical treatment to improve efficacy with

better tolerance is an important goal in themanagement ofMCRC
patients.

According to irinotecan metabolism, the standard dose of
180 mg/m2 every 2 weeks may not be the optimal dose for
patients with the UGT1A1�1/�1 or �1/�28 genotype (13).
Previous studies demonstrated the feasibility and interest
of higher doses of irinotecan in patients as monotherapy
(7, 14) or in combination with 5FU: FOLFIRI regimen (8).
The important interpatient variability for irinotecan pharma-
cokinetic can be, at least partly, explained by the UGT1A1�28
polymorphism (15).

The link between the UGT1A1�28 allele and the increase in SN-
38 and the occurrence of diarrhea and leukopenia during irino-
tecan therapy suggested by retrospective studies (16–18) was

prospectively reported by Innocenti and colleagues (19). In this
study, the UGT1A1 genotype and haplotype were correlated with
SN-38 pharmacology and the incidence of severe neutropenia. The
rate of grade 4 neutropenia was 50% among �28/�28 patients
and 12.5% among �1/�28 patients, and there was no grade 4
neutropenia among �1/�1 patients. The prevalence of grade 3
diarrhea was 5% (1 �28/�28 and 2 �1/�28 patients, no grade 4
diarrhea). In the PETACC-3 trial, the risk of severe hematologic
toxicity was increased among patients with homozygous
UGT1A1�28 genotype (20). A recent meta-analysis reported that
although the toxicity relationships were much stronger with the
UGT1A1�28 homozygous variant, associations were also found
with the UGT1A1�28 heterozygous variant (21). At least three
prospective randomized phase III trials (22–24), however, did not
confirm these initial results, suggesting that the influence of the
UGT1A1�28 allele on the toxicity of irinotecan is modest and
that its assessment should not be mandatory in routine clinical
practice (23).

In a phase II study, 35 unselected patients were treated with
the HD-FOLFIRI regimen as the first-line treatment of MCRC

Table 3. Results of primary endpoint

Interim population Overall population
n ¼ 34 N ¼ 86

Group 1 Group 2 Group 1 Group 2
n ¼ 17 n ¼ 17a n ¼ 40 n ¼ 46a

Confirmed ORR n (%; interim analysis stopping rules required >7 events) 9 (52.9) 10 (58.8) 18 (45.0) 26 (56.5)
Considered toxic events total number of patients (interim analysis stopping rules required <3 events) 7 3 11 8
Grade 4 neutropenia 2b 0 3b 2d

Febrile neutropenia 2 2c 2 4c,d

Grade 3 diarrhea 4b 2c 6b 4c

Grade 4 diarrhea 0 0 1 0

NOTE: Group 1: UGTA1�1/UGTA1�1; Group 2: UGT1A1�1/UGT1A1�28.
a1 patient in group 2 was never treated because brain metastases were discovered after the patient's inclusion.
b1 patient with grade 4 neutropenia and grade 3 diarrhea.
c1 patient with febrile neutropenia and grade 3 diarrhea.
d1 patient with grade 4 neutropenia and febrile neutropenia.

Table 4. Adverse events (all cycles)

Interim population Overall population
n ¼ 34 N ¼ 86

Group 1 Group 2 Group 1 Group 2
n ¼ 17 n ¼ 17a n ¼ 40 n ¼ 46a

n (%) n (%) n (%) n (%)
All Grade 3–4 All Grade 3–4 All Grade 3–4 All Grade 3–4

Any 17 (100) 16 (94.1) 16 (100) 13 (81.2) 40 (100) 30 (75.0) 45 (100) 37 (82.2)
Unknown 0 0 1a 1a 0 0 1a 1a

Nonhematologic
Diarrhea 12 (70.6) 4 (23.5) 11 (68.7) 2 (12.5) 30 (75.0) 7 (17.5) 30 (68.2) 4 (9.1)
Nausea 13 (76.5) 1 (5.9) 12 (75.0) 2 (12.5) 28 (70.0) 2 (5.0) 34 (77.3) 3 (6.8)
Vomiting 10 (58.8) 2 (11.8) 10 (62.5) 0 (0.0) 23 (57.5) 4 (10.0) 27 (61.3) 2 (4.5)
Epistaxis 9 (52.9) 1 (5.9) 7 (43.8) 0 (0.0) 19 (47.5) 1 (2.5) 19 (43.2) 0 (0.0)
Mucositis 8 (47.1) 0 (0.0) 9 (56.3) 0 (0.0) 17 (42.5) 2 (5.0) 20 (45.4) 2 (4.5)
Hypertension 4 (23.5) 1 (5.9) 1 (6.2) 1 (6.2) 8 (20.0) 3 (7.5) 8 (18.2) 4 (9.1)
Alopecia 6 (35.3) 0 (0.0) 6 (37.5) 2 (12.5) 14 (35.0) 0 (0.0) 18 (40.9) 6 (13.6)
VTE 7 (41.2) 4 (23.6) 2 (12.4) 1 (6.2) 8 (20.0) 5 (11.5) 2 (4.6) 2 (4.5)
ATE 1 (5.9) 1 (5.9) 0 (0.0) 0 (0.0) 2 (5.0) 2 (5.0) 0 (0.0) 0 (0.0)

Hematologic
Neutropenia 13 (76.5) 5 (29.4) 14 (87.5) 6 (37.5) 28 (70.0) 10 (25.0) 34 (75.6) 14 (31.1)
Febrile neutropenia 2 (11.8) 2 (11.8) 2 (12.5) 2 (12.5) 4 (10.0) 2 (5.0) 5 (11.1) 4 (8.9)
Anemia 16 (94.1) 2 (11.8) 11 (68.7) 0 (0.0) 33 (82.5) 2 (5.0) 32 (70.5) 1 (2.2)
Thrombocytemia 3 (17.7) 0 (0.0) 5 (31.2) 0 (0.0) 4 (10.0) 0 (0.0) 13 (28.9) 0 (0.0)

NOTE: Group 1: UGTA1�1/UGTA1�1; Group 2: UGT1A1�1/UGT1A1�28.
Abbreviations: VTE, venous thromboembolic event; ATE, arterial thromboembolic event.
a1 patient in group 2 was never treated because brain metastases were discovered after the patient's inclusion.
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(8). The treatment administration was eventually delayed in
74% of the cases, and the dose was reduced in 43% of the cases.
A granulocyte colony-stimulating factor G-CSF secondary pro-
phylaxis to maintain cycle intervals and dose intensities was
used in 37% of patients. There was one toxic death, and the
main severe toxicities included neutropenia (74% of the
patients), febrile neutropenia (11%), diarrhea (14%), and
fatigue (17%; ref. 8). A recent meta-analysis (25) reported that
UGTA1�28 allele (homozygous, heterozygous, or wild-type)
does not impact the survival in patient receiving irinotecan. In
the present study, using the same chemotherapy regimen in
combination with bevacizumab in selected patients with
"favorable" UGT1A1 genotypes, the occurrence of severe neu-
tropenia was much lower (29.7% in the �1/�1 and 37.5% in the
�1/�28 genotype patient groups, respectively), whereas the
occurrence of severe diarrhea was very similar in �1/�28 patients
and, interestingly, 2-fold higher in �1/�1 patients.

A Bryant and Day design was used with a composite primary
endpoint combining the ORR and toxicity. Toxicities associated
with this primary endpoint included grade 4 neutropenia, febrile
neutropenia, and grade 3–4 diarrhea.

Expected ORRs were reached in the two groups, but the trial
was stopped at the interim analysis in both groups because the
number of unacceptable toxicity was higher than the number
defined in the stopping rules in the statistical analysis plan
(�20%). Despite these initial events, toxicity was manageable.
No toxic death and only one grade 4 diarrhea occurred (in
group 1), and after a dose reduction, most of the patients
continued to receive treatment with an acceptable tolerance
for a median duration of treatment of 14 and 6.5 months in
groups 1 and 2, respectively. A posteriori, and from a clinical
point of view, it can be judged that the stopping rules of the
trial based on the defined toxic events (that led to an early stop)
were too stringent and not adapted to daily clinic.

There was, however, no clear benefit of the HD-FOLFIRI/
bevacizumab combination with respect to efficacy. The observed
ORRs (approximately 53%–59%) do not seem to be superior to
those observed with the FOLFIRI regimen alone [49% in the trial
by Douillard and colleagues (12) and 47.2% in the BICC-C trial
(11)] or in combination with bevacizumab (58% in the BICC-C

trial). The addition of bevacizumab to the FOLFIRI HD regimen,
compared with the trial by Ducreux and colleagues, in which a
54% ORR was reported, is also questionable (8).

In conclusion, this trial does not provide a convincing argu-
ment to support the adoption of the intensive treatmentwithHD-
FOLIRI plus bevacizumab combination for MCRC in patients
with the UGTA1�1/UGT1A1�1 or UGT1A1�1/UGT1A1�28 geno-
type. The overall response rate reached in our study is not superior
to standard treatments.
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