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We analyzed the results of previously treated patients with metastatic colorectal cancer (mCRC) who received 
regorafenib plus FOLFIRI with the irinotecan dose escalation on the basis of uridine diphosphate glucurono-
syltransferase 1A1 (UGT1A1) genotyping. Thirteen patients with previously treated mCRC were subjected to 
UGT1A1 genotyping between October 2013 and June 2015 and were administered regorafenib plus FOLFIRI 
with irinotecan dose escalation. Patients with UGT1A1*1/*1 and *1/*28 genotypes were administered 
180 mg/m2 of irinotecan, whereas those with the UGT1A1*28/*28 genotype were administered 120 mg/m2 
of irinotecan. For all patients, the irinotecan dose was increased by 30 mg/m2 every two cycles until grade 
³3 adverse events or severe adverse events developed, following which the dose was reverted to and main-
tained at the previously tolerated level. The oral regorafenib dose was adjusted to 120 mg/day daily. The 
median follow-up period was 10.0 months (1.0–21.0 months). The disease control rate was 69.2%, whereas 
the median progression-free survival and overall survival were 9.5 and 13.0 months, respectively. Our find-
ings indicate that regorafenib plus FOLFIRI with irinotecan dose escalation based on UGT1A1 genotyping in 
previously treated patients with mCRC and with UGT1A1*1/*1 and UGT1A1*1/*28 genotypes is clinically 
effective and yields improved oncological outcomes.
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INTRODUCTION

Colorectal cancer (CRC) is the third leading cause of 
cancer-related deaths worldwide1. Approximately one 
fourth of patients with CRC present with metastases at 
the time of diagnosis. Furthermore, in almost 40% of 
the remaining patients, the initially limited diseases pro-
gress to metastases during treatment, such that up to 60% 
of these patients are expected to eventually succumb to 
metastatic CRC (mCRC)2. Moreover, the present che-
motherapy for mCRC, 5-fluorouracil (5-FU)/leucovorin 
(LV) combined with either oxaliplatin (FOLFOX) or 
irinotecan (FOLFIRI), yields a median overall survival 
(OS) of approximately 20 months, with the 5-year sur-
vival not exceeding 10%3. The recent introduction of 
biological therapies combined with chemotherapies has 
yielded improved oncological outcomes, with a median 
OS of approximately 30 months4.

Regorafenib, a novel oral multikinase inhibitor, tar-
gets stromal, angiogenic, and oncogenic receptor tyrosine 
kinases (RTKs). Regorafenib inhibits intracellular and 
membrane-bound RTKs involved in angiogenesis, onco-
genesis, and tumor proliferation signaling5. The CORRECT 
trial demonstrated that oral regorafenib monotherapy 
yielded significant differences in the disease control rate, 
progression-free survival (PFS), and OS for previously 
treated mCRC (41% vs. 15%, p < 0.001; 1.9 vs. 1.7 months, 
p < 0.001; 6.4 vs. 5.0 months, p = 0.0052, respectively)6.

The cytotoxicity of irinotecan is derived from its active 
metabolite, 7-ethyl-10-hydroxycamptothecin (SN-38),  
which acts on topoisomerase I in vivo to interrupt DNA 
replication in cancer cells, consequently causing cell 
death. SN-38 is further metabolized by uridine diphos-
phate glucuronosyl transferase (UGT) in the liver, mainly 
by the UGT1A1 isoenzyme, to the inactive metabolite 
SN-38G7. SN-38 glucuronidation is the rate-limiting  
step in irinotecan metabolism and detoxification. Gene-
tic polymorphisms of UGT1A1 alter the degree of 
SN-38 glucuronidation and the consequent effect on 
the pharmacokinetics and toxicities of irinotecan8. The 
number of repeats in the TATA box UGT1A1 promoter 
causes such differences, with six TA repeats represent-
ing the most common UGT1A1 allele (UGT1A1*1, wild 
type) and seven TA repeats representing a variant allele 
(UGT1A1*28, mutant type)9. Patients with UGT1A1*28 
exhibit a reduced UGT1A1 transcription and expression 
and consequently reduced SN-38 glucuronidation and 
increased irinotecan-related toxicities8.

Various clinical outcomes and adverse events (AEs) 
have been observed in patients treated with the recom-
mended irinotecan dose of 180 mg/m2 biweekly in com-
bination with the 5-FU and LV (FOLFIRI) regimen. In 
patients with UGT1A1*1, active SN-38 is more effi-
ciently metabolized, and AEs are favorably tolerated; 

however, the consequent cytotoxicity is less effective and 
thus may yield poorer oncological outcomes. By contrast, 
patients with homozygous UGT1A1*28 may experience 
severe AEs, requiring dose reduction or even complete 
withdrawal of irinotecan10–13. Therefore, the irinotecan 
dose should be adjusted according to UGT1A1 genotyp-
ing for obtaining minimal AEs and optimal oncological 
results. Recently, we successfully treated a case of mCRC 
with escalated irinotecan doses (FOLFIRI regimen) com-
bined with regorafenib in the fourth-line treatment after 
UGT1A1 genotyping14. Herein we report an analysis in 
which regorafenib combined with FOLFIRI adjusted 
according to UGT1A1 genotyping was used for treating 
previously treated patients with mCRC.

MATERIALS AND METHODS

Patient Population

From a single institution, this prospective study recruited 
13 patients with progressing mCRC who were previously 
treated with FOLFOX, FOLFIRI, monoclonal anti-vascular 
epithelial growth factor receptor (VEGFR), and mono-
colonal anti-epidermal growth factor receptor (EGFR) if 
KRAS wild-type tumors were identified, between October 
2013 and June 2015. The genomic DNA of these patients 
was extracted from the peripheral blood and subjected to 
polymerase chain reaction sequencing for genotyping of 
the promoter region of UGT1A1 as described elsewhere15. 
The protocol was approved by the institutional ethics com-
mittee and was conducted in accordance with the 1964 
Declaration of Helsinki (2008 revision). Written informed 
consent was obtained from all patients.

Treatment With Regorafenib Plus FOLFIRI 
With Irinotecan Dose Escalation

For each patient, regorafenib plus FOLFIRI with an 
irinotecan dose adjusted according to UGT1A1 genotyp-
ing was administered. Because grade ³3 hand–foot syn-
drome developed frequently in patients receiving oral 
regorafenib at 160 mg/day (21 days at a 7-day interval), 
the dose was adjusted to 120 mg/day daily. If grade ³3 
regorafenib-induced AEs, such as hand–foot syndrome 
still developed, regorafenib was discontinued until the 
AEs subsided. Furthermore, according to our previ-
ous clinical results15, patients with UGT1A1*1/*1 and 
UGT1A1*1/*28 genotypes were initially administered a 
standard dose of 180 mg/m2 irinotecan, and those with the 
UGT1A1*28/*28 genotype were administered 120 mg/
m2 of irinotecan. Irinotecan was administered for over 2 h 
on day 1 followed by 5-FU (2,800 mg/m2 intravenously 
infused for over 46 h in a 2-week cycle). For all patients, 
the irinotecan dose was increased by 30 mg/m2 every two 
cycles until grade ³3 AEs or severe AEs (SAEs) of iri-
notecan developed (mainly diarrhea and neutropenia), 
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following which the dose was reverted to and maintained 
at the previously tolerated level.

The treatment response was radiologically assessed 
every 2 months through computed tomography, mag-
netic resonance imaging, or positron emission tomog-
raphy. Objective responses were classified according to 
the Response Evaluation Criteria in Solid Tumors, and 
optimal treatment responses were recorded. Common 
Terminology Criteria for Adverse Events version 3.0 
was used for evaluating the treatment-associated AEs. 
Treatment of regorafenib plus irinotecan dose escalation 
was stopped if progressive disease occurred.

Statistical Analysis

Data were analyzed using the Statistical Package 
for Social Sciences Version 18.0 (SPSS Inc., Chicago, 
IL, USA). PFS and OS rates were calculated using the 
Kaplan–Meier method. PFS was defined as the time 
from the initiation of treatment until the first radiologi-
cal evidence of progression, whereas OS was defined as 
the time from the beginning of treatment until death from 
any cause.

RESULTS

Demographic patient data are summarized in Table 1. 
The study included 13 patients (8 men and 5 women) with 
a median age of 63.0 years (33–75 years). Two patients 
had liver metastasis, three patients had lung metastasis, 
one patient had peritoneal metastasis, and seven patients 
had at least two metastatic sites. Moreover, four and nine 
patients had KRAS-mutated and KRAS wild-type CRCs, 
respectively. Twelve patients had the UGT1A1*1/*1 gen-
otype, for whom the highest prescribed irinotecan dose 
was 290 mg/m2 (180–290 mg/m2); the corresponding 
dose was 120 mg/m2 for the remaining patient with the 
UGT1A1*28/*28 genotype. Among these patients, four, 
seven, and two patients were receiving third-, fourth-, and 
fifth-line treatments, respectively. Patients with KRAS-
mutated-type CRCs were first treated with bevacizumab 
and FOLFIRI (irinotecan dose was 180 mg/m2) followed 
by FOLFOX6 if the disease progressed and were admin-
istrated with regorafenib plus FOLFIRI with irinotecan 
escalation as third-line treatment if FOLFOX6 failed. 
On the other hand, first-line treatment for those with 
KRAS wild-type CRCs was cetuximab plus FOLFORI 
with no dose escalation, and second-line treatment was 
FOLFOX6 and bevacizumab plus FOLFORI (irinote-
can dose was 180 mg/m2). FOLFOXIRI (no irinotecan 
dose escalation) was administered in addition for two of 
nine of these patients before the reimbursement of rego-
rafenib in Taiwan as fourth-line treatment. All treatments 
were substituted only when the diseases progressed. 
Occurrence of previously encountered neutropenia was 

15%–20% and of diarrhea was 18–22% with irinote-
can dose of 180 mg/m2. Median length of previous sal-
vage treatments altogether was 13.4 months. The most 
commonly encountered grade ³3 AE was hand–foot 
syndrome (n = 8, 61.5%), followed by mucositis (n = 5, 
38.5%), neutropenia (n = 4, 30.8%), diarrhea (n = 4, 
30.8%), and fatigue (n = 3, 23.1%).

The median follow-up period was 10.0 months 
(1.0–21.0 months) and 16.0 months (3.5–21.0 months) 
for all patients and for surviving patients, respectively. 

Table 1. Demographic Data in the Studied Patients

Clinical Characteristics No. of Cases (%)

Gender
Male 8 (61.5)
Female 5 (38.5)

Median age (range) 63 (33–75)
Site of metastasis

Liver 9 (69.2)
Lung 7 (53.8)
Peritoneum 4 (30.8)
Brain 1 (7.7)

Number of sites of metastasis
1 6 (46.2)
2 6 (46.2)
3 1 (7.7)

KRAS status
Wild type 9 (69.2)
Mutation 4 (30.8)

UGT1A1 status
*1/*1 12 (92.3)
*1/*28 0 (0.0)
*28/*28 1 (7.7)

Irinotecan dose (mg/m2)
290 2 (15.4)
260 2 (15.4)
240 3 (23.1)
210 1 (7.7)
180 4 (30.8)
120 1 (7.7)

Lines of systemic therapy
Third 4 (30.8)
Fourth 7 (53.8)
Fifth 2 (15.4)

Grade ³3 adverse events
Hand–foot syndrome 8 (61.5)
Mucositis 5 (38.5)
Neutropenia 4 (30.8)
Diarrhea 4 (30.8)
Fatigue 3 (23.1)

Best objective response
Partial response 2 (15.4)
Stable disease 7 (53.8)
Progressive disease 4 (30.8)
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All patients were followed until February 2016 or their 
death. The only UGT1A1*28/*28 patient received only 
one cycle of treatment with regorafenib plus initial irino-
tecan dose of 120 mg/m2; this patient developed grade 3 
mucositis and died a month later. Two patients (15.4%) 
had a partial response, seven (53.8%) had a stable dis-
ease, and four (30.8%) had a progressive disease, yielding 
an overall disease control rate of 69.2%. Moreover, the 
median PFS and OS were 9.5 months [95% confidence 

interval (CI): 3.0–16.0] and 13.0 months (95% CI: 7.2–
18.8), respectively (Fig. 1).

DISCUSSION

A carboxylesterase converts irinotecan to SN-38, which 
is cytotoxic to cancer cells and is detoxified by UGT, 
predominantly by the UGT1A1 isoenzyme. Marcuello et 
al.13 conducted a genotype-directed dose-finding study 
on irinotecan in FOLFIRI administered as the first-line 

Figure 1. Kaplan–Meier survival analysis of 13 patients with metastatic colorectal cancer. (A) Progression-free survival and  
(B) overall survival.
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treatment for advanced CRC and reported that patients 
with homozygous UGT1A1*28/*28 more frequently 
developed irinotecan-associated SAEs. Consequently, 
individuals homozygous for UGT1A1*28/*28 are more 
vulnerable to irinotecan, and a low initial irinotecan 
dose should be considered. In our study, an initial dose 
of 120 mg/m2 was tolerated by patients. Theoretically, 
patients with a heterozygous polymorphism of the 
UGT1A1 promoter (i.e., UGT1A1*1/*28) have an inter-
mediate UGT1A1 activity and may be at an increased 
risk for toxicity. However, clinical presentations are 
variable, and patients with UGT1A1*1/*28 can typi-
cally tolerate the recommended initial irinotecan dose 
of 180 mg/m2(16). By contrast, patients homozygous for 
UGT1A1*1/*1 tolerate higher doses of irinotecan owing 
to an active UGT1A1; in accordance with this observa-
tion, we observed that such patients can tolerate an irino-
tecan dose as high as 290 mg/m2(14). For safety reasons, 
in the aforementioned study, we administered an initial 
dose of 180 mg/m2, subsequently increasing it by 30 mg/
m2 every two cycles and observing for the development 
of any grade ³3 AEs or SAEs, reverting to the previ-
ously tolerated dosage upon observation of any grade ³3 
AEs or SAEs. Increasing the irinotecan dose based on 
UGT1A1 genotyping was well tolerated and yielded sat-
isfactory clinical outcomes15,17.

Theoretically, AEs correlate with the pharmacokinetic 
properties of irinotecan, and the higher area under the 
concentration curve (AUC) ratio of SN-38G to SN-38 
(AUCSN-38G/AUCSN-38) accompanies a lower incidence of 
AEs. Hoskins et al.18 revealed that the risk of severe hema-
tologic toxicity is higher in patients with UGT1A1*28/*28 
than those with UGT1A1*1/*28 or UGT1A1*1/*1 at 
higher doses (>250–350 mg/m2) and medium doses 
(150–250 mg/m2) instead of at lower doses (100–125 mg/
m2). Similarly, a dose-finding study of irinotecan in gas-
trointestinal cancer patients with a maximum dose of 150 
mg/m2 demonstrated the significant highest AUCSN-38G/
AUCSN-38 ratio in the wild-type group, intermediate in the 
heterozygous, and lowest in the homozygous mutant-type 
group. Severe (grade >3) hematologic toxicity was also 
associated with genotype during the first cycle, but no 
severe diarrhea in the three groups19. In contrast, Li et al.20 
treated mCRC with a fixed irinotecan dose of 180 mg/m2 
as the first-line treatment and showed a higher incidence 
of severe diarrhea in patients with two alleles or single-
allele variants of UGT1A1*28/*6, but no differences of 
severe neutropenia in patients with different alleles. In 
the present study, severe diarrhea and neutropenia were 
both 30.8%, and the differences between studies might 
be because of heterogeneity in the irinotecan dose, ther-
apeutic line, ethnicity, and cancer type. In addition to 
UGT1A1*28 alleles, the UGT1A1*6 genotype, which 
is more frequently identified in Asian populations and 

included in the analyses of the studies mentioned above, 
might play an important role.

UGT1A1*6 is a single-nucleotide polymorphism in 
exon 1 of the UGT1A1 gene (211G>A) and is contribu-
tory to the decreased catalytic activity of the UGT1A1 
isoenzyme for SN-38 glucuronidation21–23. Contrary to 
about 10% prevalence in Caucasians24, UGT1A1*28 
homozygotes were less than 5%20,25 whereas UGT1A1*6 
homozygotes counted for about 5% in Asian popula-
tions26, but extremely low in Caucasians and African-
Americans27. Moreover, the frequency of homozygous 
and heterozygous defected alleles, including *28/*28, 
*6/*6, and *6/*28, reached 10.1%26. Minami et al.23 dis-
covered a gene–dose effect wherein AUCSN-38G/AUCSN-38 
ratios reduced with the number of UGT1A1*28 or *6, and 
homozygous *28/*28, *6/*6, and heterozygous *28/*6 
were significantly associated with severe neutropenia28. 
Compared with the Japanese population, UGT1A1*28 
and *6 contributed to delayed diarrhea toxicity more 
significantly in Chinese patients20,29. The association 
of other UGT1A members and toxicities as well as the 
genetic racial differences require further investigation. 
When we conducted the present study, there was no rel-
evant information regarding UGT1A1*6 genotyping that 
could be used for directing dose escalation of irinotecan 
in Taiwanese mCRC patients. In fact, one recent dose-
finding study published by Kim et al. in 201530, in which 
patients with mCRC receiving FOLFIRI were genotyped 
for UGT1A1*28 and *6 and stratified according to the 
number of defective alleles (DA), showed that the recom-
mended irinotecan doses were 300 (0 DA), 270 (1 DA), 
and 150 (0 DA) mg/m². Lack of analysis of UGT1A1*6 is 
the limitation of the present study, and UGT1A1*6 geno-
typing may be helpful in the treatment with irinotecan as 
more evidence accumulates.

Regorafenib targets RTKs involved in various path-
ways of oncogenesis, angiogenesis, metastasis, and can-
cer microenvironments. Regorafenib was approved by 
the US Food and Drug Administration in September 
2012 for treating mCRCs unresponsive to FOLFOX, 
FOLFIRI, and VEGF and EGFR monoclonal antibod-
ies. The CORRECT trial was a worldwide, randomized, 
placebo-controlled, phase III study that was conducted 
for patients with mCRC who had received standard 
therapies, including treatment with fluoropyrimidine, 
oxaliplatin, irinotecan, and bevacizumab, as well as for 
patients with KRAS wild-type tumors who had received 
cetuximab or panitumumab5. Patients in this study were 
previously treated with a standard dose of irinotecan in 
FOLFIRI plus bevacizumab, and the disease progressed, 
though reintroduction of FOLFIRI with irinotecan dose 
escalation based on UGT1A1 polymorphism plus rego-
rafenib still demonstrated satisfactory clinical results. 
Furthermore, compared with the CORRECT trial in 
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which regorafenib was administered as a monotherapy, 
our results were remarkably encouraging, with a mark-
edly high disease control rate (69.2%) and a longer PFS 
(9.5 months) and OS (13.0 months), suggesting potential 
synergistic effects between chemotherapy and biological 
therapy in refractory CRC.

Hand–foot syndrome (n = 8, 61.5%) was the most com-
mon regorafenib-induced grade ³3 AE in this study, and 
treatment was generally discontinued in response to the 
AE. Adjusting the regorafenib dose to 120 mg/day for 
a continuous use reduced the occurrence of hand–foot 
syndrome, enabling its inclusion in the FOLFIRI regi-
men. Furthermore, UGT1A1 genotyping-based irinotecan 
escalation facilitated the tolerability of a combination of 
cytotoxic agents and optimized the oncological outcomes 
of all patients. To the best of our knowledge, the research 
from Schultheis et al. in Germany is the only clinical 
study investigating the FOLFIRI plus regorafenib com-
bination for mCRC published in the literature to date31. 
In this phase Ib study, patients were treated with rego-
rafenib in combination with either FOLFIRI or FOLFOX 
as first- or second-line treatment, and 33 out of 45 patients 
(73.3%) achieved disease control for a median of 126 
(42–281) days. AEs grade ³3 occurred in 32 patients 
(71.1%), mostly neutropenia (37.8%) and leucopenia, 
hand–foot syndrome, and hypophosphatemia (8.9% each). 
Our results show relatively similar findings; however, this 
is only an observational study with a small sample size. 
Therefore, a prospective, randomized large-scale study is 
necessary for confirming the present findings.

Treatment with regorafenib plus FOLFIRI with irino-
tecan dose escalation according to UGT1A1 genotyping 
is clinically effective and yields favorable oncological 
results with acceptable toxicities in previously heavily 
treated patients with mCRC.
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