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ABSTRACT

Introduction: Regorafenib is a multi tyrosin-kinase inhibitor prescribed in metastatic refractory colorectal cancer
treatment. Its toxicity is significant but inconstant. The metabolism of regorafenib includes oxydation via
cytochrome P3A4, then glucuroconjugation. A pharmacogenetical approach of mutational status of Uridine-
Diphospho-Glucuronosyltransfersase (UDP-glucuronosyl-transferase, UGT) could be a strategy to optimise the
use of regorafenib. Patients and Method: This is a restrospective, unicentric study. All adult patients treated with
regorafenib for a metastatic colorectal cancer in our center between 2013 and 2017 were analysed. UGT1A1 poly-
pmorphism was previously researched in the laboratory after written informed consent. Results: Thirty-five
patients received regorafenib during the study period. A TA repetition in UGT1A1 gene was present for
16 patients including two Gilbert syndrome. There were no more adverse events on patients with a heterozygous
TA repetition or with a Gilbert syndrome compared with patients without UGT polymorphism, whatever the
dosage at initiation of regorafenib. Adverse events grade 2 or superior, and grade 3 or superior tended to be more
noticeable when the starting dose was 120 or 160 mg per day compared to 80 mg per day, but not statistically
significant. No difference was observed on progression-free survival neither depending on UGT status nor
depending on initating dose of regorafenib. Conclusion: This is a preliminary study evaluating safety of regora-
fenib according to UGT1A1 polymorphism. Larger and prospective studies are needed to evaluate dose-escalation
strategy in patients with variable activity of glucuroconidation, especially Gilbert syndrome, or with abnormalities
in other UGT enzymes such as UGT1A9.
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1 Introduction

Colorectal cancer is the third most common cancer in the world in incidence and the second in mortality
[1]. Several randomised placebo-controlled trials [2,3] have shown a survival benefit in patients with
metastatic colorectal cancer treated with regorafenib who progressed on standard therapies. Regorafenib is
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now allowed from third line setting in this indication. However, the toxicity of this molecule is significant and
constitutes a limiting factor, but quite unpredictable.

Anticancer therapies are more and more personalised, according to molecular signature, and/or to
toxicity profile. The aim of this personalised-medicine strategy is to optimise treatment by preventing
toxicities. One of the ways to understand inter-individual variability is to research germinal
polymorphism by pharmacogenetic analysis, such as the Uridine-Diphospho-Glucuronosyltransfersase
(UDP-glucuronosyltransferase, UGT).

Dose-adjustment of irinotecan according to UGT1A1*28(rs8175347) status has already been
demonstrated and is completely absorbed into our clinical practice [4]. Regorafenib is a multi tyrosin-
kinase inhibitor that blocks the activity of several protein kinases involved in tumor pathogenesis (such as
vascular endothelial growth factor receptors 1, 2 and 3; angiopoietin 1 receptor; stem-cell growth factor
receptor; RET and BRAF; beta-type platelet-derived growth factor receptor; and fibroblast growth factor
receptor). This molecule is mainly metabolised in the liver by oxydation via cytochrome P3A4, but also
by glucuroconjugation. Exploiting the same pharmacogenetical approach of UGT polymorphism status
could be a strategy to optimise regorafenib uses, as well as the use of irinotecan. This strategy was
suggested by experts [5] in previous articles, but to our knowledge it has never been tested so far.

The main objective of this study was to determine whether a polymorphism in the UGT gene was
associated with a lower tolerance of regorafenib. The secondary objectives were to determine whether a
polymorphism in the UGT gene was associated with decreased efficacy of regorafenib, and whether dose-
escalation strategy was better tolerated.

2 Patients and Method

This is a retrospective, unicentric study performed in Brest, France. Analysed patients were all adults
treated with regorafenib for a metastatic colorectal cancer in our center between 2013 and 2017 in third
line or more. Age, gender, prior anticancer treatments, performance status at treatment initiation,
mutational status of RAS and RAF, starting dose of regorafenib and adjustments, duration of treatment,
adverse events and progression-free survival data were collected. All patients provided written informed
consent as required by Good Clinical Practices guidelines and ethics commitee.

UGT1A1 polymorphism (UGT1A1*28(rs8175347)) was previously researched by the laboratory
« Eurofins-Biomnis ». The method used for determination of UGTIA1l polymorphism has been
previously described [6], and consisted of the Pyrosequencing technology, a real-time sequencing method,
to detect the UGT 1A1 TATA box polymorphisms and mutations in the coding regions. Results were
given as Wild type (*1/*1), heterozygote with presence of one allele UGT1A1*28 (*1/*28), or
homozygote mutation corresponding to Gilbert syndrome (*28/%28).

Statistical analyses were performed with Excel© software v.2003 and in BiostaTGV website. Discrete
variables were expressed in percentage of the studied population and compared with the Fisher’s exact test.
Non discrete variables were expressed as mean and compared with the Student’s test. Survival curves were
created using the Kaplan-Meier method and compared with the Log-rank test. A p value < 0.05 was
considered statistically significant.

3 Results

Thirty-five patients received regorafenib during the study period. Main characteristics are described in
Tab. 1. A polymorphism in UGT gene was present for 16 (46%) patients, including two Gilbert syndrome.
There were no significant differences between the two groups UGT heterozygous or homozygous (i.e., UGT-
*28%*28), except for starting dose. When the subgroup of patients treated with regorafenib started at
80 milligram per day (mg/d) and 120 mg/d (dose-escalation) were grouped together, there was no longer
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any difference in the distribution between the two groups of *28 and Wild Type UGT (OR = 3.97, IC95%
[0.69; 29.9], p = 0.13). Most frequent adverse events are reported in Tab. 2 and were mainly asthenia (46%),
hand-foot syndrome (37%), diarrhoea (29%), arterial high blood pressure (26%) and anorexia (14%).

Table 1: Main characteristics of the population

Characteristics All, n (%) UGT Wild, n UGT *28, n p-value
35100) 19 16

Gender p=0.50

Males 22 (63) 13 9

Females 13 (37) 6 7

Age (median) 67 67 67.5 p =0.38

UGT mutation -

Heterozygous 14 (40) - 14

Homozygous 2 (6) - 2

Wild type 19 (54) 19 -

RAS p =0.50

Mutated 16 (46) 10 6

Wild type 1954 9 10

ECOG p =031

0 8 (23) 3 5

1 26 (74) 16 10

2 1(3) 0 1

Previous treatments p=10.95

SFU 34 (97) 18 16

Oxaliplatin 35 (100) 19 16

Irinotecan 35(100) 19 16

Anti-EGFR 17(49) 9 8

Anti-VEGF 27 (717) 16 11

Tomudex 1(3) 0 1

Mitomycin 1 (3) 0 1

Starting dose of regorafenib p=0014¢

80 mg per day 12 (34) 3 5

120 mg per day 13 (37) 11 2

160 mg per day 10 (29) 5 7

Note: ¢ = significant differences, p-values obtained by exact test Fisher or Student test.

There were no more adverse events in patients with a heterozygote status or with a Gilbert syndrome
compared with patients without UGT polymorphism (Tab. 2), whatever the starting dose of regorafenib.

Two patients were Gilbert syndrome. The first one received 160 mg per day from the outset and the
treatment was discontinued because of deterioration in general condition. The second one started the
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treatment at 80 mg per day, then 120 mg per day without ever reaching 160 mg per day, with a clinical benefit
for 84 days.

Table 2: Adverse events according to UGT1A1 status

Toxicities All UGT Wild type UGT *28 Odds Ratio
(n=35)n (%) (n=19)n (%) (n=16) n (%) OR [IC95%]
Asthenia 16 (46) 8 (42) 7 (44) 1.03 [0.26; 4.12]
Hand-foot syndrome 13 37) 9 (47) 4 (25) 0.53 [0.10; 2.38]
Diarrhoea 10 (29) 7@37) 3 (19) 0.52 [0.07; 2.74]
High blood pressure 9 (26) 7 (37) 2 (13) 0.35 [0.03; 2.18]
Anorexia 5(14) 4 (21) 1(6) 0.310.01; 3.50]

Adverse events > grade 2 and > grade 3 tended to be more frequent when the starting dose was 120 or
160 mg per day (78% and 52%, respectively) compared to 80 mg per day (67% and 17%, respectively), but
this result was not statistically significant, whatever the subsequent strategy of dose escalation or
de-escalation (Tab. 3).

Table 3: Adverse events according to starting dose of regorafenib

Starting dose AE > G2 AE > G3
n (%) n (%) n (%)
80 mg per day 12 (34) 8 (67) 2 (17)
120 or 160 mg per day 23 (66) 18 (78) 12 (52)
Odds Ratio [IC95%] 1.17 [0.35; 4.07] 3.06 [0.54; 32.66]

Note: AE: Adverse Event; G: Grade.

Considering the population with a dose-escalation strategy (i.e., starting dosage at 80 mg or 120 mg per
day), more patients received an increasing dose of regorafenib when they were UGT Wild type compared
with patients with *28 allele (56% vs. 33%). Similarly, 67% of patients with UGT polymorphism have
never been able to tolerate an augmentation, whereas only 25% of the patients without TA repetition have
not been able to tolerate an augmentation. These differences were marked in absolute value but not
statistically significant (OR = 0.6, 1C95% [0.08; 3.31], p = 0.6 and OR = 2.5, IC95% [0.47; 16.17],
p = 0.27, respectively).

The median progression-free survival (PFS) of the whole cohort was 90 days. No difference was
observed on PFS, neither depending on UGT status (Wild type compared to heterozygote or Gilbert
syndrome) nor depending on starting dose (80 mg per day compare to 120 or 160 mg per day)
(p = 0.98). PFS curves are presented in Fig. 1.

4 Discussion

To our knowledge, this is the first cohort assessing safety of regorafenib according to mutational status
of UGT1AL.

Of the thirty-five patients of the cohort, a TA repetition in UGT1A1 gene was present for 16. There were
no more adverse events on patients with a heterozygous TA repetition or with a Gilbert syndrome compared
with patients without UGT-polymorphism, whatever the initiating dose of regorafenib. Adverse events
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grade > 2 and > grade 3 tended to be more noticeable when the starting dose was 120 or 160 mg per day as
opposed to 80 mg per day. Most patients with UGT polymorphism have never been able to tolerate a dose-
escalation compared with patients without UGT polymorphism. No difference was observed on progression-
free survival neither depending on UGT status nor depending on starting dose.
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Figure 1: Progression-free survival (A) Progression-free survival for the whole population. (B) Progression-
free survival for patient UGT Wild type or not. (C) Progression-free survival for patients with starting dose at
80 mg/d or 120-160 mg/d

Following oral administration, regorafenib reaches peak plasma level at a median time of four hours. The
main circulating metabolites of regorafenib are M-2 (N-oxide) and M-5 (N-oxide/N-desmethyl). Both
of them have similar in vitro activity as regorafenib. The elimination half-lives for regorafenib,
M-2 metabolite and M-5 metabolite are 28 h, 25 h and 51 h, respectively. Approximately, 71% is
excreted in faeces and 19% in urine, mostly as glucoronides. [7] Regorafenib is metabolised by
cytochrome P3A4 and glucoronidation using UGT enzymes (Fig. 2).
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Figure 2: Metabolism of regorafenib

UDP-glucuronosyltransferases (UGTs) are a multigenic family of enzymes responsible for the
glucuronidation reaction. In humans, up to 22 UGT isoforms have been identified. Among these families,
UGTI1A, 2A and 2B are active in biotransformation. The gene coding for the UGT 1A family is located
on chromosome 2. There are 12 isoforms for UGT1A (UGT1A1 to UGT1A12).

The importance of UGT-mediated metabolism and its consequences for toxicity has already been
demonstrated for irinotecan. Irinotecan is converted to its active form, 7-ethyl-10-hydroxycamptothecin
(SN-38). SN-38 is then further metabolised into an inactive metabolite, SN-38G, by the UGT enzyme in
the liver. Glucuronidation of SN-38 to SN-38G is a decisive step in the metabolism and detoxification of
irinotecan. Genetic polymorphisms of the UGT1A1 gene can alter the glucuronidation of SN-38 and as
such have a major influence on the pharmacokinetics and toxicity of irinotecan [8].

The research of higher risk of toxicity with irinotecan is only based on the UGT1A1. That is why we
only looked in this study at UGT1A1. This point could be a part of explanation for the lack of difference
in regorafenib tolerance. Specific alteration of UGT1A9 should therefore be studied. A polymorphism in
UGT1A9 promoter region gene has been reported for 3 patients who experienced acute hepatitis under
regorafenib treatment. Moreover, it appears that both of them already experienced significant toxicity with
irinotecan-based chemotherapy [9]. However, it is known that the alteration of genes coding for
UGTI1ALl is frequently associated with other polymorphisms of the superfamily of UGT. Similarly, a
heterozygote has a heterogeneous phenotypic expression. It would be necessary to study more people in
the specific population of Gilbert syndrome. Indeed, the report of our two patients is noteworthy. One
patient very quickly had a poor tolerance at full dose, and the other patient benefitted from dose escalation.

The strategy of dose-escalation was not decided upstream according to UGT1A1 status but was at the
physician’s discretion. Moreover, the studied population was a small cohort. There are therefore biases and a
lack of statistical power that may explain the absence of difference in the frequency of side effects according
to UGT status. However, it is noted that the dose-escalation strategy enables toxicity to be limited without
impairing efficacy, which has been confirmed by large cohorts (ReDOS [10] and REARRANGE [11]
trials). Especially this dose escalation is more restrained in patients with UGT polymorphism, suggesting
that their tolerance is more critical. The RESET trial [12] showed that serum concentrations of
regorafenib for patients whose dose was escalated to 160 mg/day were significantly lower than those of
the patients whose dose was not escalated. Moreover, concentration of active metabolites correlated with
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the maximum grade of regorafenib-related adverse events. A recent publication showed that M-
5 concentration was associated with the severity of hypertension or rash [13]. These results suggest that
dose escalation is limited by higher concentrations of regorafenib and its metabolites, responsible for
greater toxicity. These higher concentrations are partly related to the UGT enzyme due to its metabolism.
Dose-escalation appeared therefore to be a better strategy and should be prefered especially in patients
with alteration of UGT gene, although the low number of patients has not permitted us to demonstrate it.

5 Conclusion

This is a preliminary study evaluating the safety of regorafenib according to UGT1A1 polymorphism.
The possibility of increasing the dosage appears to be more limited in the case of UGT mutation leading to
lower level of safety of regorafenib for these patients. Larger prospective studies are needed to evaluate dose-
escalation strategy in patients with variable activity of glucuronidation, especially Gilbert syndrome, or with
abnormalities in other UGT enzymes such as UGT1A9.
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