
Abstract. Background: Tolerability to irinotecan may be
explained by pharmacogenomic polymorphisms. The purpose
of this pharmacogenetic trial was to study the relevance of
thymidylate synthase (TS) genotyping and of the isoform 1A1
of uridine diphosphate glucuronosyltransferase (UGT1A1) in
order to tailor a combination chemotherapy regimen of 5-
fluorouracil, leucovorin and irinotecan (FOLFIRI) in
metastatic colorectal cancer. Patients and Methods: Patients
with favourable TS and UGT1A1 profiles received high-dose
(HD) FOLFIRI. Patients with TS-3R/3R could not receive
HD-FOLFIRI, and those with UGT1A1-7/7 received
standard FOLFIRI. The endpoints were overall response rate
and safety. Results: Sixty-nine patients were enrolled in the
study. Sixty-five patients received chemotherapy. Twenty
patients (30.8%) achieved a partial response. The
haematological toxicity was less in the HD-FOLFIRI
subgroup. Patients having received HD-FOLFIRI did not
experience increased levels of nausea-vomiting, asthenia or
alopecia. Diarrhoea was more frequent with HD-FOLFIRI.
Conclusion: The genotypic assessment allowed a safer use
of HD-FOLFIRI. Further investigations may target patients
who benefit from intensification. 

In most Western societies, colorectal cancer (CRC) is the
second most common cause of cancer-related death.
Approximately 35% of patients have stage IV disease at
presentation, and 20% to 50% of patients with stage II or III
disease will progress to stage IV. With the introduction of
new therapies and the improvement of surgical techniques,
the death rate continues to decline at a rate of approximately
1.8% per year. Until recently, the 5-fluorouracil-leucovorin
regimen (5-FU/LV) was the standard treatment used,
producing median survival times of approximately 12
months as first-line therapy for advanced CRC (1, 2).
Starting in the mid-1990s, new efficient cytotoxic
chemotherapeutic agents became available (3, 4).

In metastatic CRC (mCRC), first-line use of combination
chemotherapy regimens is preferable to the use of single
agents. New regimens with oxaliplatin and irinotecan have
resulted in longer median survival times (3, 4). Two major
regimens are currently used: FOLFIRI (5-FU/LV, irinotecan)
and FOLFOX (5-FU/LV, oxaliplatin). The response rate with
FOLFIRI and FOLFOX6 was 56% and 54%, respectively,
while the median progression-free survival (PFS) time was
of 8.5 and 8 months, respectively (4).

Given the similar efficacy between the FOLFIRI and
FOLFOX regimens, the initial choice of which to use is
largely governed by their differential toxicities.
Neurotoxicity, neutropenia and thrombocytopenia are more
frequent with FOLFOX, while febrile neutropenia, nausea-
vomiting, stomatitis, alopecia and fatigue are more frequent
with FOLFIRI. Grade 3-4 toxicities are more common with
FOLFOX, whereas serious adverse events are more frequent
with FOLFIRI (4). The use of irinotecan is often associated
with unpredictable toxicities. These toxicities are the result
of a direct toxic effect of SN-38, the main active metabolite
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of irinotecan. Irinotecan is converted in SN-38 by tissue and
serum carboxylesterase (CES), which is 100 to 1,000 times
more cytotoxic than the parent irinotecan (5). Irinotecan-
induced diarrhoea is thought to be a consequence of the
direct enteric toxicity of SN-38. The level of SN-38 is
regulated by the conversion of irinotecan by CES and by its
glucuronidation in inactive SN-38 glucuronide (SN-38G) via
uridine diphosphate glucuronosyltransferase (UGT). An
important interpatient variability in the glucuronidation of
SN-38 has been described experimentally, and isoform 1A1
of UGT (UGT1A1) has been identified as the main enzyme
involved in the glucuronidation of SN-38 (6). It has been
shown that the metabolism of irinotecan is substantially
influenced by a nucleotide polymorphism in the TATA-box
sequences of UGT1A1. A seventh TA-repeat (instead of six),
named UGT1A1*28, in one allele results in an approximately
70% reduction of transcriptional activity compared to wild-
type (7). Such patients may be at increased risk for severe
drug-related toxicities. In a small series of twenty patients
treated with irinotecan, the polymorphism of UGT1A1 was
correlated with the occurrence of digestive and
haematological toxicities (8). In patients having seven
repeats, especially for homozygote status (7/7), the risk of
grade 3-4 diarrhoea and neutropenia was higher than in
patients with six repeats. This increase in toxicity was
significantly correlated with lower levels of SN-38
glucuronidation. To date, it is recommended to treat patients
bearing a UGT1A1 7/7 genotype with doses of irinotecan
lower than 350 mg/m2 every three weeks (9). This is
consistent with the standard FOLFIRI regimen (irinotecan
180 mg/m2 every two weeks), but this is not possible with
the high-dose (HD) FOLFIRI previously described by
Ducreux et al. (10). 

Thymidylate synthase (TS) is the main target of 5-FU. The
TS promoter contains two or three tandem repeats, so-called
2R or 3R, of a 28-base sequence that influence TS
transcription level. The TS mRNA synthesis rate observed
with a 3R promoter is significantly higher than that observed
with a 2R promoter. Various genotypes (2R/2R, 2R/3R and
3R/3R) are well distributed and are partially able to predict
response to 5-FU. Indeed, it has been shown that the 3R/3R
genotype is associated with a lower response to fluorouracil-
based chemotherapy (11-13).

In spite of a clear improvement in the management of
mCRCs, the five-year survival rate remains at approximately
10%. The lack of efficacy of cytotoxic agents may be partly
explained by a suboptimal use related to empirical design. It
has been suggested that screening for UGT1A1*28 variant
before treatment may identify patients with lower
glucuronidation rates and greater susceptibility to irinotecan-
induced haematological and non-haematological toxicities
(14). As interpatient tolerability and efficacy may be partially
explained by gene polymorphisms, the purpose of the present

trial was to study the benefit-to-risk ratio of a tailored
FOLFIRI regimen in mCRC patients selected according to
their TS and UGT1A1 genotypes.

Patients and Methods

Study population. Patients aged at least 18 years and less than 85
years with histologically or cytologically proven measurable mCRC
were eligible. Patients had to have at least one lesion ≥20 mm if
measured with a computerised tomography (CT) or a magnetic
resonance imaging (MRI) scan, or >10 mm if measured with spiral
CT scan. Eligibility criteria included a World Health Organization
performance status ≤2; adequate haematological (neutrophils
≥1.5×109/l, platelets ≥100×109/l), renal (serum creatinine ≤130
μmol/l) and hepatic (transaminases ≤2.5 the upper limit of normal
[ULN], alkaline phosphatases ≤5 ULN and bilirubin ≤2 ULN) tests.
A prior adjuvant non-irinotecan-based chemotherapy was allowed.
Patients were not eligible if they presented contra-indications to
irinotecan or 5-FU, if they had received prior adjuvant
chemotherapy including irinotecan or if they had brain or meningeal
metastases, documented dihydropyrimidine dehydrogenase (DPD)
deficiency, intestinal obstruction or chronic inflammatory colorectal
disease, history of previous cancer (except for treated cutaneous
carcinomas, in situ carcinoma of the uterine cervix, breast cancer or
bladder cancer), concurrent antitumour therapy and other significant
medical conditions or any uncontrolled infection. Pregnant or
breast-feeding women were excluded. 

Potentially eligible patients underwent imaging assessments no
more than four weeks before the onset of treatment and within the
eight days of clinical and biological assessments. Written informed
consent was obtained before enrolment in the study. The protocol was
reviewed and approved by the Ethics Committee/Institutional Review
Board and the study was conducted according to the Declaration of
Helsinki and European Good Clinical Practice requirements. The trial
was registered in the website http://www.ClinicalTrials.gov with
reference identification NCT00138060.

Treatment regimens. The treatment was assigned according to the
genotypic screening performed on blood DNA samples (Figure 1).
Patients with favourable TS profile (i.e., genotype 2R/2R or 2R/3R)
received either standard FOLFIRI or HD-FOLFIRI. Standard
FOLFIRI consisted of irinotecan 180 mg/m2 administered
intravenously in 90 minutes, folinic acid (L-levofolinate 200 mg/m2

or folinic acid 400 mg/m2) delivered concurrently with irinotecan
in 2 hours, intravenous 5-FU 400 mg/m2 on day one (bolus or 15-
minute continuous infusion), and intravenous 5-FU 2400 mg/m2 on
days one and two for 46 hours. HD-FOLFIRI consisted of irinotecan
260 mg/m2 administered intravenously in 90 minutes, with folinic
acid and 5-FU delivered similarly to standard FOLFIRI. Each cycle
was delivered every 14 days. The dose of FOLFIRI was adjusted to
the UGT1A1 profile (Figure 1). Given the benefit of bevacizumab
combined with standard FOLFIRI in terms of overall survival (15),
bevacizumab was allowed in patients receiving standard FOLFIRI.
Granulocyte colony-stimulating factor (G-CSF) was allowed in
patients receiving HD-FOLFIRI. 

The tolerability to chemotherapy was evaluated before each
cycle. An absolute blood count was performed on day 14 and non-
haematological toxicity was evaluated during the period between
cycles. In case of dose reduction, the reduced doses were maintained
for all subsequent cycles. Repeated grade 4 toxicities, in spite of a
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dose reduction (except for haematological toxicity and alopecia),
led to treatment withdrawal.

Genotypic assessment. For TS assessment, Blood DNA was
extracted on the PAXgene™ Blood DNA kit (PreAnalytiX GmbH,
Hombrechtikon, Switzerland). The 28 bp repeat polymorphism in
the 5’ region of the TS (TYMS) gene was analysed by polymerase
chain reaction (PCR) (3% agarose gel, 500 ng genomic DNA), as
previously described (16). Expected fragment sizes were 220 bp for
2R and 248 bp for 3R. 

For UGT1A1 assessment, genomic DNA was extracted
automatically from blood with the EZ1 processor (Qiagen,
Courtaboeuf, France) according to the manufacturer’s instructions. The
TA repeat in the UGT1A1 gene promoter (UGT1A1*28 genotype,
rs8175347) was analysed by PCR which were performed on genomic
DNA using appropriate primers: forward 5’GCCAGTTCAACTGT
TGTTGCC3’, reverse 5’CCACTGGGATCAACAGTATCT3’. The
expected fragments (320bp) were subjected to direct sequencing
analysis with the Big dye terminator v3.1 cycle kit (Applied
Biosystems, Warrington, UK) (17). 

Statistical analysis. The current overall response rate (ORR) with a
standard first-line treatment of mCRC is estimated to be close to
50% (3, 4). The hypothesis was to increase the ORR to 80% with a
genotype-targeting strategy. This study was planned on the basis of
a null hypothesis of 0.50 versus an alternative of 0.80, with a type
I error (α) of 0.05 and a power of 90% (1-β). This hypothesis
required at least 58 patients. In the study, eleven patients were added
in order to prevent the risk of non-evaluable disease.

The primary endpoint was the ORR defined according to the
RECIST criteria (18). Patients were evaluated after the fourth and
the eighth cycles. The secondary endpoint was the safety. Toxicity
was graded according to NCI-CTC criteria (version 3.0) (19), and
serious adverse events were defined according to the guidelines of
the International Conference on Harmonization (20). 

Results

Patient and tumour characteristics. From 2005 to 2008, 69
patients with mCRC (37 men, 32 women) were enrolled
from six French centres. The median age was 64 years
(range, 38 to 83 years). The main patient characteristics are
described in Table I and the distribution of UGT1A1 and TS
genotypes is presented in Figure 2.

Treatment. Based on the genotypic profile, eight patients
were planned to receive standard FOLFIRI, 44 to receive
HD-FOLFIRI and 17 to receive a chemotherapy regime of
the investigator’s choice. Among the latter 17 patients with a
3R/3R TS genotype, seven were planned to receive a
standard FOLFIRI. Four patients were not able to receive
chemotherapy; one died of a post-surgical septic shock, one
had a pulmonary embolism, one had a general status
impairment contraindicating chemotherapy and one had a
psychiatric decompensation.
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Figure 1. Assignment of treatment according to the genotypic polymorphism of TS and UGT1A1.



A total of 65 patients actually received chemotherapy: 14
received standard FOLFIRI (of which eight had a favourable
TS genotype and six had an unfavourable TS genotype), 42
received HD-FOLFIRI and nine received other regimens
consisting of FOLFOX-6 (n=4), FOLFOX-4 (n=1), TOMOX
(n=2), XELOX (n=1), or capecitabine single-agent (n=1). The
median number of delivered cycles was eight for standard
FOLFIRI (range, 4 to 19) and eight for HD-FOLFIRI (range,
1 to 20). The mean dose intensity of irinotecan was 99.9%
and 95.6%, for standard and HD-FOLFIRI, respectively. 

Overall, 25 patients received G-CSF: 6 (42.9%) with
standard FOLFIRI, 17 (40.5%) with HD-FOLFIRI and 2
(22.2%) with other regimens. Fifteen patients received
bevacizumab; five, nine and one patient with standard
FOLFIRI, HD-FOLFIRI and others regimens, respectively.

Safety. Safety analysis was conducted on the 65 treated
patients. Two cases of febrile neutropenia were reported; one
in standard FOLFIRI (TS 2R/3R, UGT1A1 7/7) and one in
HD-FOLFIRI. Main toxicities according to genotypic profile

and treatment regimen are summarised in Table II. The
tailoring of FOLFIRI based on the genotypic profile led to a
weaker haematological toxicity in the HD-FOLFIRI
subgroup. Patients having received HD-FOLFIRI did not
experience more nausea-vomiting, asthenia or alopecia than
patients having received standard FOLFIRI or other
chemotherapy regimens. In contrast, diarrhoea was more
frequent with HD-FOLFIRI, but remained of grade 1-2
except for one patient. The other toxicities were infrequent
and were always mild to moderate.

A serious adverse event was reported in eight HD-FOLFIRI
patients (19%), two standard FOLFIRI patients (14.3%) and
in one patient having received another chemotherapy regimen
(11.1%). Overall, no toxic deaths occurred. 

Disease outcome. Among the 65 treated patients, 20 (30.8%)
achieved a partial response (PR) and 34 (52.3%) had a stable
disease: 4 (28.6%) patients achieved a PR in the standard
FOLFIRI subgroup, 14 (33.3%) in the HD-FOLFIRI
subgroup and 2 (22.2%) in patients having received another
chemotherapy regimen. The ORR and the rate of liver
surgery according to genotypic profile and chemotherapy
regimens are presented in Table III. The median duration of
response was 11 months (range, 3.2 to 47.8 months) and the
median duration of stabilisation was 8.6 months (range, 2.5
to 45.4 months).

After a median follow-up of 24 months, 61 patients
(93.8%) had relapsed with a median PFS of 8 months (range,
1.4 to 47.8 months): the median PFS was 7.7 months for
patients with a favourable TS profile and UGT1A1 6/6 or 6/7,
6 months for patients with UGT1A1 7/7, and 9.8 months for
patients with TS 3R/3R. At the time of analysis, 30 patients
(46.1%) died from disease progression with a median survival
time of 18 months (range, 3 to 48 months): the median
survival time was 18.8 months for patients with a favourable
TS profile and UGT1A1 6/6 or 6/7, 12.3 months for patients
with UGT1A1 7/7 and 19 months for patients with TS 3R/3R.

Discussion

The management of mCRC is becoming increasingly
complex, with the development of innovative new therapies
and further scope for combinations of active agents. One of
the first advances in treatment was the introduction of new
cytotoxic agents, such as irinotecan and oxaliplatin,
combined with 5-FU (3, 4). The second step was to increase
the dose of the cytotoxic agent to improve the efficacy of
those regimens. The increase in the dose of irinotecan from
180 mg/m2 to 260 mg/m2 every two weeks led to an
improvement of tumour growth control with 54% of PR (10).
Another approach in treatment intensification was to
combine three drugs instead of two in the triplet regimen 5-
FU-irinotecan-oxaliplatin (FOLFOXIRI). A first phase III
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Table I. Patient and tumour characteristics at baseline.

Characteristic Overall Standard HD- Other 
population FOLFIRI FOLFIRI CT

No. of patients 69 15 44 10
PS, n (%)

0 33 (47.8) 8 (53.4) 22 (50.0) 3 (30.0)
1 30 (43.5) 5 (33.3) 20 (45.5) 5 (50.0)
2 1 (1.5) 0 (0.0) 0 (0.0) 1 (10.0)

Unknown 5 (7.2) 2 (13.3) 2 (4.5) 1 (10.0)
TS, n (%)

2R/2R 13 (18.8) 2 (13.3) 11 (25.0) 0 (0.0)
2R/3R 39 (56.5) 6 (40.0) 33 (75.0) 0 (0.0)
3R/3R 17 (24.7) 7 (46.7) 0 (0.0) 10 (100)

UGT1A1, n (%)
6/6 26 (37.7) 2 (13.3) 20 (45.5) 4 (40.0)
6/7 35 (50.7) 6 (40.0) 24 (54.5) 5 (50.0)
7/7 7 (10.1) 6 (40.0) 0 (0.0) 1 (10.0)
Unknown 1 (1.5) 1 (6.7) 0 (0.0) 0 (0.0)

No. of metastatic 
sites, n (%)

1 35 (50.7) 9 (60.0) 23 (52.3) 3 (30.0)
2 23 (33.3) 4 (26.6) 15 (34.1) 4 (40.0)
>2 9 (13.1) 1 (6.7) 6 (13.6) 2 (20.0)
Unknown 2 (2.9) 1 (6.7) 0 (0.0) 1 (10.0)

Metastatic sites, n (%)
Local relapse 3 (4.3) 1 (6.7) 1 (2.3) 1 (10.0)
Lymph nodes 18 (26.1) 3 (20.0) 14 (31.8) 1 (10.0)
Liver 51 (73.9) 11 (73.3) 34 (77.3) 6 (60.0)

Peritoneal carcinomatosis 9 (13.1) 3 (20.0) 2 (4.5) 4 (40.0)
Lung 17 (24.6) 2 (13.3) 13 (29.5) 2 (20.0)
Other 11 (15.9) 0 (0.0) 8 (18.2) 3 (30.0)

PS, Performance status; CT, chemotherapy.



study comparing FOLFOXIRI to FOLFIRI in 283
participants demonstrated more toxic side effects but no
difference in outcome for the triple combination (21). A
further phase III trial compared FOLFOXIRI with FOLFIRI
in 244 persons and found a statistically significant overall
survival advantage of 22.6 months versus 16.7 months
(p=0.032) for the triplet arm with increased but manageable
toxicities (22). More recently, targeted therapies are
increasingly used combined with or as an alternative to
chemotherapy. For mCRC, two monoclonal antibodies,
bevacizumab and cetuximab, have entered routine clinical
practice. Bevacizumab targets vascular endothelial growth
factor (VEGF) overexpressed in approximately 50% of CRCs
(23). Bevacizumab in combination with chemotherapy is now
regarded as an appropriate first-line therapy for mCRC (15,
24). Cetuximab is directed against the extracellular domain
of the epidermal growth factor receptor (EGFR). Although
the EGFR gene is overexpressed or up-regulated in 60% to
80% of CRCs (25), response to cetuximab appears
independent of EGFR expression (26, 27).

Such treatment progress has resulted in improvements in
overall survival and the possibility of liver surgery. However,

these improvements have been made at the price of higher
toxicities, of which some can be predicted by the use of
pharmacogenetics. With regard to the safety and efficacy of
irinotecan, the most relevant pharmacogenetic analysis is that
of screening based on the genotype of TS and UGT1A1 (7,
8, 11-13). In the present study, the selection of patients for
HD-FOLFIRI treatment based on UGT1A1 genotype
probably had a protective effect on haematological toxicity.
The incidence of neutropenia was similar in patients of the
HD-FOLFIRI subgroup receiving or not receiving G-CSF
support, although HD-FOLFIRI is known to be strongly
haematotoxic (10). The incidence of neutropenia was lower
in the HD-FOLFIRI group, although the use of G-CSF was
similar with that of the standard FOLFIRI group. Overall,
patients experienced the same level of toxicity irrespective
of treatment regimens, except for diarrhoea which remained
mild to moderate and was probably independent of genotype.
No additional severe diarrhoea with HD-FOLFIRI was
observed compared with other regimens. Another issue was
the treatment choice left to the discretion of investigators in
the subset of patients having a TS 3R/3R genotype. All of
those patients had received a TS inhibitor (5-FU,
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Figure 2. Distribution of UGT1A1 and TS genotypes.



capecitabine or raltitrexed) and the disease outcome was not
worse than in the subset of patients with a favourable TS
profile. However, it has been shown that the response to
raltitrexed is affected by a high TS mRNA expression (28)
and patients with a TS 2R/2R are more likely to respond to
capecitabine than patients with a 2R/3R or 3R/3R
polymorphism (29). In the present study, genomic DNA was
extracted from leukocytes. This approach may be debatable
as the intratumoural profile may be different from the
leukocyte profile. 

These polymorphisms are well identified but their clinical
relevance is not fully elucidated. A recent study did not
support the clinical use of molecular markers, such as TS and
UGT1A1, to predict the toxicity of irinotecan (30). A high
level of topoisomerase-1 was associated with an overall
survival benefit with first-line combination chemotherapy
and may be a candidate to identify subpopulations that may
benefit from irinotecan (30, 31). Among the specific gene
polymorphisms known to be involved in the irinotecan
metabolic pathway, the combination of at least one
SLCO1B1 521 T allele, one ABCB1 1236 C allele and one
UGT1A1*28 variant 7 repeat demonstrated a statistically
significant association with grade 3-4 toxicities in mCRC
patients (32). 

The present trial was one of the first to explore prospectively
a screening of mCRC patients based on efficacy and safety
biomarkers. In this multicenter study, the median time to obtain
the genotype was approximately five days showing that this
screening was feasible in routine practice. Although this
approach failed to demonstrate any benefit of the selected
markers, the genotypical assessment allowed a safer use of
HD-FOLFIRI. It was noteworthy that 10% of patients had a
UGT1A1 7/7 profile, requiring this to be taken into account in
routine practice. It is acknowledged that such patients cannot
tolerate the standard 360 mg/m2 3-week regimen. In terms of
dose intensity, HD-FOLFIRI is not acceptable in UGT1A1 7/7
patients. Patients should therefore be offered UGT1A1
genotyping in routine practice and in the context of any clinical
trial exploring the benefit of high-dose chemotherapy (33).
Pharmacogenomics should be explored to optimise the tailoring
of treatment according to the profile of each patient. This is
crucial because of the combination of chemotherapy with
targeted therapies. At present, two French trials are ongoing to
select the treatment of CRC patients on their UGT1A1 profile,
namely FFCD 06-04 and FFCD 05-04 (www.ffcd.fr).
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