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Introduction: Gastrointestinal stromal tumors (GISTs) are abdominal sarcomas
which are extremely refractory to chemotherapy treatment. The treatment of
GISTs has been revolutionized by use of KIT/platelet-derived growth factor
receptor-o. (PDGFRA) kinase inhibitors. Unfortunately, most tumors develop
resistance to front-line (imatinib) or second-line (sunitinib) therapy. Regorafe-
nib, a KIT/PDGFRA/vascular endothelial growth factor receptor (VEGFR) oral
kinase inhibitor, has been shown to improve progression-free survival in the
third- or fourth-line setting.

Areas covered: This review covers the preclinical and clinical studies of regor-
afenib for treatment of GIST. A literature search on regorafenib was carried
out using the PubMed database up to October 2013.

Expert opinion: Currently, imatinib and sunitinib represent the only proven
first- and second-line therapies, respectively, for advanced GISTs. Based on
the results of a Phase Ill study, regorafenib is now established as the only
proven third-line therapy. Regorafenib activity in this setting is believed to
be due to its activity against oncogenic forms of KIT/PDGFRA. Although side
effects are common with this agent, they can be effectively managed with a
combination of supportive care, dose interruptions/reductions. The toxicity
profile is similar to other oral kinase inhibitors with anti-VEGFR activity.
Regorafenib is mainly metabolized by CYP3A4, and concomitant use of strong
inducers/inhibitors of this enzyme should be avoided.
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1. Introduction

1.1 Advanced gastrointestinal stromal tumor

Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors (sarcomas) that
arise from the gastrointestinal (GI) tract [1]. While GISTs most frequently develop
in the stomach or small bowel, they can originate anywhere along the GI tract [1.2].
GIST is the most common non-epithelial cancer of the GI tract, but represents only
1% of all GI malignancies (3]. While the true incidence is difficult to establish, it is
estimated that that there are 3000 - 6000 new cases of GIST's diagnosed annually in
the United States [4,5]. Historically, GISTs were misclassified as leiomyosarcoma;
however, in 1998, the development of immunohistochemistry for the KIT protein
(CD117) led to the reclassification of these tumors as a distinct clinicopathological
entity. At the same time, it was discovered that many GISTs express mutant forms
of KIT with constitutive kinase activity [6-8]. Prior to this discovery, many attempts
had been made to identify effective cytotoxic chemotherapy treatment for advanced
GISTs, but none proved successful [9,10].
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Box 1. Drug summary.

Drug name Regorafenib

Phase [, Iland Il

Indication (specific Gastrointestinal stromal tumor,
to discussion) advanced

Pharmacology Multi-tyrosine kinase inhibitor
Route of Oral

administration
Chemical structure 4-[4-({[4-Chloro-3-(trifluoromethyl)
phenyl]carbamoyl}amino)-3-
fluorophenoxy]-N-methylpyridine-2-
carboxamide hydrate (Figure 1)

Pivotal trial(s) GRID [55]

Following the discovery of KIT mutations, the concept
of targeted therapy was clinically explored. In 2001, it was
established that imatinib, a potent inhibitor of the kinase
activity of KIT and platelet-derived growth factor receptors
(PDGFRs), was efficacious for treatment of GIST [11,12].
Overall, about 85% of GISTs harbor a gain-of-function
mutation of KI7 [13]. Alternatively, about 8% of GISTs
have an activating mutation of the homologous receptor tyro-
sine kinase PDGFR-0. (PDGFRA) 113-15]. The remainder of
GIST tumors are classified as ‘wild-type’, although many of
these harbor mutations in alternative genes, including NF1I,
BRAF and members of the succinate dehydrogenase family
(e.g., SDHA) 114]. Surgery remains the only established cura-
tive treatment for primary GIST, however about 10 - 20%
of patients present with metastatic disease and another 40%
of patients will develop recurrent/metastatic disease after
surgery [16-18].

Imatinib was the first medical therapy to demonstrate
efficacy for treatment of GIST tumors [12,19]. Overall,
progression-free survival (PFS) in two Phase III studies was
in the range of 20 - 22 months, with a median overall
survival (OS) of ~ 5 years. With front-line imatinib treat-
ment, the majority of GIST patients obtain clinical benefit;
however 15% of patients have primary resistance to
imatinib [20-23] and over time, at least 80% of patients will
experience disease progression due to the development of
tumor-associated secondary kinase mutations [23-27]. In the
setting of imatinib-resistance or intolerance, sunitinib has
proven clinical activity for second-line GIST treatment [28].
Compared to imatinib, sunitinib has greater potency against
wild-type KIT as well as some mutant isoforms. Addition-
ally, sunitinib also inhibits multiple other tyrosine kinase
pathways, including vascular endothelial growth factor recep-
tors (VEGFR1/2), Fms-like tyrosine kinase-3, and RET
[20-31). Overall, sunitinib showed sufficient activity against
imatinib-resistant GISTs to receive FDA approval. Sunitinib
is approved for treatment of patients with imatinib-resistant
disease or imatinib intolerance. Sunitinib is thought to
overcome some cases of imatinib-resistance due to its smaller

size and ability to enter the ATP-binding site despite

ATP-pocket mutations that prevent the entrance of the larger
imatinib molecule [32]. However, sunitinib has limited activity
against activation loop mutations of KIT. As most patients
with imatinib-resistant GIST have multiple lesions with
heterogeneous secondary resistance mutations, it is not sur-
prising that mixed responses to this agent are commonly
seen. Unfortunately, the majority of sunitinib-treated patients
develop progressive disease with a median progression time of
between 6 and 7 months [28].

1.2 Competitor compounds

Multiple other tyrosine kinase inhibitors have been evaluated
for treatment of advanced GISTs. However, prior to the
approval of regorafenib, the only FDA-approved treatments
were imatinib (front-line) and sunitinib (second-line). Cur-
rently, regorafenib stands alone as the only medication
approved for treatment of GIST after failure of prior imati-
nib and sunitinib therapies. However, multiple other tyro-
sine kinase inhibitors are being evaluated as potential
treatment options for drug-resistant metastatic GIST.
Kang et al. presented data in 2013 at ASCO from a small
Phase IIT study that compared imatinib rechallenge to pla-
cebo after failure of both imatinib and sunitinib treat-
ments [33]. PES for patients rechallenged with imatinib was
1.9 months compared to 0.9 months in the placebo group
(p = 0.002, hazard ratio [HR] of 0.45 [95% CI:
0.27 - 0.76]). OS data was not different between the groups,
but this is difficult to interpret given that 93% of patients in
the placebo group crossed over to imatinib at the time of
progression. Whereas most agents for treatment of GIST in
the third-line or later have only been tested in Phase II stud-
ies, nilotinib was also evaluated in a Phase III trial published
in 2012 [34. This study compared nilotinib to best-
supportive care for patients that had failed both imatinib
and sunitinib; notably, there was no difference in PFS for
patients treated with nilotinib. Post-hoc analysis looking
only at patients that received nilotinib as true third-line ther-
apy did show an improvement in OS with a hazard ratio of
0.67. Multiple other agents have been examined in Phase II
studies of GIST patients undergoing third-line or subsequent
treatment, including dasatinib, motesanib, vatalanib and
sorafenib to name a few [35-39]. Small studies of combination
therapies such as imatinib and everolimus have suggested
potential efficacy for imatinib-resistant GIST, but the rela-
tive efficacy of these therapies compared with sunitinib or
regorafenib is unknown [40]. Multiple clinical trials are
currently underway to evaluate the efficacy of other kinase
inhibitors, including cediranib, pazopanib, crenolanib, pona-
tinib and masitinib [41]. Overall, regorafenib is currently well
established as the only proven third-line treatment for meta-
static GIST. Alternative therapeutic approaches would
include rechallenge with imatinib, off-label use of another
approved KIT/PDGFRA inhibitor, or participation in a

clinical study.
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Figure 1. The chemical structures of regorafenib (top) and
sorafenib (bottom) only differ by the substitution of
fluorine for hydrogen on the central carbon ring.

2. Introduction of the compound

Regorafenib,  4-[4-({[4-chloro-3-(trifluoromethyl) phenyl]carba-
moyl}amino)-3-fluorophenoxy]-/N-methylpyridine-2-carboxamide
hydrate is a novel biaryl urea compound with multikinase
inhibitory activity as an oral agent (Figure 1 and Box 1 for
compound summary) [42]. Regorafenib is closely related to
another FDA-approved agent, sorafenib, differing only by
the addition of a fluorine atom to the center phenyl ring
(Figure 1). The two agents have similar, but distinct biochem-
ical profiles (43-45). In a tumor microenvironment, tyrosine
kinase activation plays important direct (tumor growth) and
indirect roles (regulation of stroma, angiogenesis). Notably,
multiple receptor tyrosine kinases (RTKs) help regulate
tumor angiogenesis; these include VEGFRs, fibroblast
growth factor receptors (FGFRs) and PDGFRs [42]. These
pathways work in conjunction to modulate tumor growth,
suggesting that blockade of multiple receptors might be an
effective anticancer strategy [46]. Currently, there are several
approved multi-targeted kinase inhibitors. Representative
examples include sorafenib (approved for renal cell carci-
noma [RCC] and hepatocellular carcinoma) as well as suniti-
nib (RCC, pancreatic neuroendocrine tumors and GIST)
28,47-50].

3. Chemistry

Regorafenib

intracellular signaling kinases c-RAF/RAF-1 and B-RAF and
its V60OE mutant isoform. No 7z vitro inhibition was seen
for kinases in the epidermal growth factor receptor family,
protein kinase C family, cyclin-dependent kinases, insulin
and insulin growth factor receptor kinase, MET, MEK,
ERK1/2 or AKT. In addition, in vive assessment was done
utilizing xenograft models and dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI). In tumor-bearing
rats, regorafenib decreased tumor perfusion with effects per-
sisting up to 2 days after a single dose. Inhibition of tumor
angiogenesis was also confirmed by assessing tumor vascula-
ture in rat xenograft models. Endothelial markers such as
CD-31 were significantly reduced in rats treated with regora-
fenib and this reduction was accompanied by tumor necrosis.
Of note, these rat tumor studies included lung, melanoma,
pancreatic and ovarian cancer cell models [42. Thus, both
in vitro and in vivo studies of regorafenib confirmed the inhi-
bition of multiple angiogenesis pathways including
VEGFR?2 and TIE2. With specific regard to GISTs, regorafe-
nib showed potent iz vitro inhibition of KIT, including cell
lines with compound KIT exon 11-primary and imatinib-
resistant secondary mutations of the ATP-binding pocket or
the activation loop [44].

4. Pharmacodynamics

Regorafenib pharmacodynamics were evaluated in a conven-
tional Phase I study as well as Phase I study restricted to colo-
rectal cancer patients [51,52). In the conventional Phase I study,
assessments were done by evaluating plasma concentrations of
VEGF and sVEGFR2 pre-dose, 8 h post-dose on the first and
twenty-first days of the first three cycles, as well as pre-dose on
day 1 of all subsequent cycles. sVEGFR2 plasma concentra-
tions varied in a dose-dependent manner. Measured VEGF
concentration steadily increased over the 21 days of dose
administration and returned to baseline during the 7-day
treatment break [51].

Both studies evaluated tumor perfusion by DCE-MRI
(5152]. MRIs were performed at the start of treatment and
day 21 in both studies; there was some variation in MRI fre-
quency in the conventional Phase I study with the first dose
cohort. In both studies, there was about a 40% decrease in
the perfusion measurement at 21 days compared to baseline.
This reduction was seen for doses 120 mg and higher in the
conventional Phase I study; unfortunately, the colorectal
Phase I study did not comment on the dose relationship
to perfusion.

5. Pharmacokinetics and metabolism

In vitro studies of regorafenib by Wilhelm ez al. 1421 demon-
strated a broad spectrum of biochemical kinase inhibition.
These targets included tumor, vascular and stromal cell
RTKs, including VEGFR1 - 3, TIE2, FGFRI and
PDGFR-B, oncogenic forms of KIT and RET as well as the

Pharmacokinetics (PK) and metabolism can be evaluated by
measuring plasma concentrations of regorafenib as well as
two pharmacologically active/major metabolites, N-oxide

metabolite (M-2) and N-oxide/N-desmethyl metabolite
(M-5), utilizing liquid chromatography with tandem mass
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Table 1. Summary of Pharmacokinetic data.

160 mg/day conventional Phase | [51]

160 mg/day colorectal Phase I [52]

AUG, _ 24 H,g'h/ml Cmax p.g/ml ty, h AUG, _ 24 H,g'h/ml Cimax p.g/ml ty, h
Regorafenib 58.3 3.9 22.2 50.3 3.4 28.4
M2 53.7 3.3 21 48.1 3.2 25
M5 48.7 2.9 NR 64.6 4 50.9

NR: Not reported.

spectrometric detection. In the conventional Phase I study,
both a liquid formulation and a coprecipitate tablet were
utilized and the bioavailability was compared between the
two formulations utilizing intrapatient crossover [51]. With
the liquid formulation, there was a dose-dependent increase
in plasma concentrations for doses up to 60 mg; however,
no further increase was seen using a 120 mg dose. All
doses > 120 mg were given in the coprecipitate form. There
was no proportional increase in the area under the curve using
coprecipitate doses from 120 to 220 mg. The half-life varied
between 20 and 40 h for regorafenib and M-2 and 40 and
60 h for M-5 resulting in an accumulation of regorafenib
and its metabolites after multiple doses. This increase was
predictable based on a time-linear PK. Given this half-life,
these data support daily dosing as currently recommended.
With the regorafenib metabolites, M2 and M5, there was
more than a proportional increase at lower doses, but propor-
tional increases of serum levels at higher doses [51]. Summary
of the PK data is available in Table 1.

6. Clinical efficacy

6.1 Phase | studies

Clinical studies of regorafenib began in 2005 with a Phase I
open-label, nonrandomized, dose-escalation study to evaluate
safety, maximum-tolerated dose (MTD) and PK [51. No
GIST patients were enrolled in this study, although four
patients had other types of soft tissue sarcoma. Overall,
53 patients with a median age 60 (22 - 70) were enrolled.
These patients had been treated with median of three prior
therapies (range 0 - 9). Doses up to 220 mg were evaluated;
however, 160 mg was determined to be the MTD. Dose-
limiting toxicities (DLTs) at 220 mg included hand-foot
skin reaction, skin rash, asthma and abdominal pain. The
median duration of regorafenib treatment was 78 days (range
3 - 1239). Notably, the dosing that was predominantly eval-
uated was for 21 days out of a 28-day cycle; however, initial
test dosing included 1 day of drug with 6 days off and then
7 days of drug with 14 days off. At the time of study closure,
only two patients remained on treatment. The disease control
rate (defined as either stable disease or partial response) was
66%; however, only three patients had a documented partial
response (one patient each with a diagnosis of RCC,

osteosarcoma and colorectal cancer). To date, the median
PES and OS for patients in this study have not been reported
(Table 2).

An additional Phase I study restricted to patients with colo-
rectal cancer was also performed [52]. Doses studied included
60 - 220 mg all given 21 out of 28 days. Only one patient
(out of 38) had a partial response (4%); however, 70% of
patients had stable disease as their best clinical response
(Table 2). The median PFS was 107 days (3.5 months). To
date, no OS data has been reported for this study.

6.2 Phase Il study
Based on preclinical data suggesting target inhibition of mul-
tiple kinases thought to be important in GIST biology (KIT,
PDGFRs, VEGFRs), a Phase II trial was performed to evalu-
ate regorafenib in patients with metastatic GIST who experi-
enced disease progression during prior imatinib and
sunitinib treatments. Any number of treatments in addition
to imatinib or sunitinib were allowed; however, prior expo-
sure to sorafenib was not permitted [53]. The primary objective
of this study was to assess the clinical benefit rate, which was
defined as a composite of complete response, partial response
and stable disease rates. Secondary end points included PFS
and safety/tolerability in the GIST population. A total of
34 patients were enrolled with all but one of these patients
receiving at least one dose of regorafenib. At median follow
up of 10.9 months, 21 of the 33 patients continued on treat-
ment. Of the 12 patients that discontinued drug, the majority
did so for disease progression (either by RECIST- or
investigator-defined disease progression). Overall, 75% of
patients experienced clinical benefit with four patients achiev-
ing a partial response and the remaining 22 patients
experiencing stable disease. The median PFS was 10 months
and median OS had not been achieved at the time of study
publication (Table 2). An update with a median follow up of
20 months was presented at the 2013 ASCO annual meeting.
At that time, 81% of patients demonstrated clinical benefit,
with four patients remaining on trial at a median follow up
of 20 months. For the entire cohort, the median PFS was
13 months with an OS of 27 months [54].

A secondary objective of this study was to explore the rela-
tionship between primary tumor genotype and response to
therapy. There was no significant difference in clinical
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Table 2. Summary of efficacy data across all regorafenib trials.

Study Disease Stable Partial Progression-free Overall survival
control (%)  disease (%) response (%)  survival (months) (months)

All solid tumor Phase | [51] 66 60 6 NR NR
Gastrointestinal Phase Il [53] 78 67 12 13* 27*
stromal tumor Phase llI: 52.6 48.1 4.5 4.8 NR

Regorafenib [55]

Phase |II: 9.1 7.6 1.5 0.9 NR

Placebo [55]
Colorectal cancer Phase | [52] 74 70 4 3.5 NR

Phase lI: 41 40 1 1.9 6.4

Regorafenib [60]

Phase lI: 15 14.6 0.4 1.7 5

Placebo [60]

NR: Not reported

*: PFS and OS are updated to reflect updated results from the ASCO annual meeting [54].

benefit among patients with different tumor genotypes,
although the comparative subsets were small. After pair-
wise comparisons, patients with tumors with a primary
exon 11 KIT mutation had a significantly longer PFS com-
pared with patients with tumors with primary exon 9 KIT
mutations (p = 0.01), although it should be noted that there
were only three patients with K77" exon 9-mutant tumors.
There was no significant difference in PEFS when comparing
patients with wild-type GIST with patients with either exon
9 or 11 KIT-mutant tumors. Of note, one patient with a
BRAF exon 15 mutation had rapid disease progression [53].
The ASCO 2013 update also reported on the correlation
of response to tumor genotype. Patients with primary muta-
tions in KIT exon-11 had a PES of 13 months compared
with only 6 months in patients with K77 exon-9 mutations;
however, this difference was no longer statistically significant.
Notably, there were six patients with succinate dehydroge-
nase subunit B (SDHB)-deficient GIST, as assessed by
immunohistochemistry, and two of these demonstrated a
partial response to regorafenib, suggesting SDHB deficiency
as a potential biomarker for regorafenib response. Correla-
tion of secondary KIT mutations and regorafenib response
was also evaluated. Patients with secondary K/7 exon
17 mutations had a PES of 18 months [54].

6.3 Phase lll studies

Following completion of the Phase I studies that showed
safety and tolerability and the Phase II study that showed
activity of regorafenib in multidrug-resistant GIST, a
Phase III trial for treatment of advanced GIST was initiated
(GRID study: GIST- Regorafenib in Progressive Disease).
The GRID study was a randomized, placebo-controlled,
double-blind study with a 2:1 randomization between regor-
afenib and placebo. This study was designed to evaluate the
efficacy of regorafenib in GIST patients who had failed prior
imatinib or sunitinib [55]. Patients who had received any
prior VEGFR inhibitor therapy were excluded. The study

was conducted across 17 countries and 57 hospital sites.
The starting dose of regorafenib was 160 mg/day (based on
the MTD from the Phase I studies) for the first 21 days of
a 28-day cycle. This study allowed patients originally
assigned to placebo to crossover at the time of progression.
The primary end point of the study was PFS based on
RESIST 1.1 criteria using blinded central radiology review,
with secondary end points of OS, time to progression, objec-
tive response rate and disease control rate (total of complete
response, partial response and stable disease rates), as well as
safety/tolerability. A total of 199 patients were randomized
and the overall pretreatment characteristics were well bal-
anced. However, compared with the placebo arm, more
patients assigned to regorafenib had been treated with imati-
nib for > 18 months. As of the original data cutoff in 2012,
50% of the patients in the regorafenib group remained on
treatment, whereas only 5% of patients in the placebo group
remained on their originally assigned treatment. Roughly
85% of patients in the placebo group crossed over to open-
label regorafenib with 50% of these patients remaining on
regorafenib treatment at the data cutoff time. Median regor-
afenib treatment duration was 22.9 versus 7 weeks for
placebo. Correlating with the longer duration of treatment,
patients on regorafenib had a median PFS of 4.8 months
compared to 0.9 months for placebo-treated patients
(p < 0.0001, HR = 0.27 [CI: 0.19 - 0.39]) (Table 2). For
patients who crossed over to regorafenib from placebo, the
median PFS was 5 months, which is very similar to the
PES for patients originally assigned to regorafenib treatment.
No difference was noted in OS; however, at the time of anal-
ysis, only around 25% of patients had died. In addition, the
high crossover rate of 85% from placebo to regorafenib
would be expected to obscure differences in OS benefit
between these treatments. Clinical benefit from regorafenib
treatment was noted in patients with both KIT exon 9-
and exon 1l-mutant tumors. Similar to the Phase I and
Phase II studies, there were no complete responses seen and
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Table 3. Summary of toxicity from all regorafenib trials.

All solid tumor Gastrointestinal stromal tumor Colorectal cancer

Phase | [51] Phase Il [53] Phase Il [55] Phase | [52] Phase Il [60]

Any Grade Any Grade Any Grade Any Grade Any Grade

grade (%) 3/4 (%) grade (%) 3/4(%) grade (%) 3/4 (%) grade (%) 3/4 (%) grade (%) 3/4 (%)
Any event 83 49 NR NR 98 60 84 58 93 54
Hand-foot 40 19 85 24 56 20 61 32 47 17
Mucositis 36 2 38 0 38 2 18 0 27 3
Hypertension 30 11 67 36 49 24 18 11 28 7
Diarrhea 32 8 60 6 40 5 24 3 34 7
Fatigue 28 4 79 6 39 2 50 11 47 9
Voice changes 55 2 47 0 22 0 34 3 29 <1
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NR: Not reported.

partial responses were uncommon; only 4.5% of patients in
the regorafenib arm had a partial response. In regard to
disease control, 52.6% of patients in the regorafenib arm
had disease control compared with only 9.1% of the
placebo-treated patients.

Unlike GIST, where biochemical inhibition of KIT/
PDGFRA is known to be the therapeutic target, the target in
colon cancer is hypothesized to be inhibition of VEGFR based
on the efficacy of other VEGFR inhibitors such as bevacizu-
mab and aflibercept [56-59]. There is no compelling evidence
to suggest that KIT or PDGEFR kinases are important targets
in colorectal cancer biology. In addition to the Phase III trial
in GIST, regorafenib was also studied in a Phase III study of
patients with metastatic colorectal cancer (CORRECT
study) (60]. Eligible patients included those who had received
all locally and currently approved standard therapies with dis-
ease progression. Given that this study was done across
16 countries, available standard therapies varied but included
fluoropyrimidine, oxaliplatin, irinotecan and bevacizumab in
addition to cetuximab and/or panitumumab for patients with
KRAS wild-type tumors. Unlike the GRID study, the COR-
RECT study did not allow crossover. Using a similar 2:1 treat-
ment allocation design, 760 patients were randomized to
regorafenib versus placebo. The primary end point of this
study was OS: regorafenib-treated patients experienced a
1.4 months improvement in OS (6.4 months compared to
5 months, p = 0.0052, HR = 0.77 [95% CI: 0.64 - 0.94]).
Notably, there was no improvement in median PFS; with a
median PES of 1.9 months with regorafenib treatment versus
1.7 months in the placebo group (Table 2). However, it is
important to note that the HR for PFS was 0.49 (95% CI:
0.42 - 0.58, p < 0.0001). Compared with the GRID study,
the median duration of treatment in the CORRECT study
was shorter, with regorafenib-treated patients receiving a
median of 2.8 months of treatment. None of the patients
achieved a complete response. Partial responses were noted in
only 1% of padents. The overall disease control rate was

41% in this study, similar to the rate in the GIST study. In
subset analyses, there was no particular group that had differ-
ential benefit from regorafenib treatment. These studies
included correlation with KRAS mutation status and the use

of previous VEGF or EGFR inhibitors.

6.4 Post-marketing surveillance
At this time, post-marketing surveillance for regorafenib is
being conducted for patients with colorectal cancers and this

study is actively recruiting. Patient recruitment began in
September 2013 (NCT01843400).

7. Safety and tolerability

The safety and tolerability of regorafenib was assessed in each
of the trials conducted to date with regorafenib. The Phase I
studies in solid tumors and colorectal cancer had safety/
tolerability as a primary outcome measures. The spectrum
and frequency of regorafenib side effects have been fairly con-
sistent across disease types and different phases of clinical
development (Table 3) [24,51-53,55,60]. In the Phase I studies,
toxicity from regorafenib was dose-dependent, 42% of
patients (5 of 12) experienced DLTs with the 220 mg dose,
whereas only 17% (2 of 12) of patients on the 160 mg dose
had DLTs. As noted previously, based on this data, the
MTD was determined to be 160 mg/day for 3 weeks with a
1-week washout period. Overall, over 80% of the patients
experienced at least one treatment-related adverse event
(AE). The most frequently documented AEs included voice
changes, hand-foot syndrome, hypertension, diarrhea and
rash. Serious adverse events (SAEs) were documented in
30% of the patients; the most frequently observed SAE was
hypertension [51].

A similar spectrum and frequency of side effects was seen in
the Phase II GIST study, with the most commonly observed
toxicities being hand-foot skin reaction, fatigue, hypertension
and diarrhea (Table 3). The only grade 4 events were
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hyperuricemia and a thrombotic event. Only one patient dis-
continued treatment as a result of toxicity [53].

In the Phase III GIST trial, a similar spectrum and
frequency of AEs were noted. Almost all patients (98%)
reported at least one drug-related AE, while on regorafenib.
Similar to the previous trials, hand-foot reaction was the
most frequent side effect, followed by hypertension, diarrhea
and fatigue (Table 3). About 61% of patients experienced at
least one grade 3 or higher AE, the most common being
hypertension. Seven patients (5%) died while on treatment
in the regorafenib arm, compared to three (5%) in the placebo
group during treatment. Notably, two of the seven deaths on
the regorafenib treatment arm were felt to be drug-related
(one case each of cardiac arrest and hepatic failure). One of
the five deaths in the placebo arm was attributed to treatment
toxicity (attribution was made prior to treatment unblinding).
Opverall, dose modifications related to AEs were common in
the regorafenib group with 72% of patients requiring dose
adjustment. However, only 6% of the regorafenib-treated
patients required permanent discontinuation; interestingly,
8% of patients in the placebo group required permanent
discontinuation for presumed drug toxicity.

The CORRECT colorectal study reported similar toxicity
results, with 76% of patients requiring dose modification
(Table 3) [60]. The most common AEs were fatigue followed
by hand-foot skin reaction, diarrhea and anorexia. Over 50%
of patients experienced grade 3 or 4 treatment-related events.
Of note, one episode of fatal drug-induced liver injury felt to
be related to regorafenib was noted; most liver-related events
were grade 1 or grade 2. In the CORRECT study, quality of
life assessments were also performed which showed no differ-
ence in the deterioration in patient’s perceived quality of life
and health status between the study arms [60].

8. Regulatory affairs

Regorafenib was initially FDA-approved in the fall of 2012 for
colorectal cancer and subsequently approved for GIST in Feb-
ruary 2013. For colorectal cancer, the specific FDA indication
for regorafenib is for patients who have previously received
fluoropyrimidine-, oxaliplatin-, and irinotecan-based chemo-
therapy, an anti-VEGF therapy and, if KRAS wild-type, an
anti-EGFR therapy. Regorafenib is FDA-approved for treat-
ment of GISTs that cannot be surgically removed and that
no longer respond to other FDA-approved treatments for
this disease (this includes imatinib and sunitinib). In May
2013, the FDA issued additional guidance regarding drug
interactions related to strong CYP3A4 inducers (e.g., rifam-
pin) and inhibitors (e.g., ketoconazole). The FDA recom-
mends avoidance of concomitant use of regorafenib with
strong inducers or inhibitors of CYP3A4 [61]. There is also a
black box warning noting severe and sometimes fatal hepato-
toxicity with guidance to monitor hepatic function before
and during treatment. More recently, the European Medicines
Agency (EMA) approved regorafenib for treatment of

Regorafenib

colorectal cancer patients on 30 August 2013 with similar indi-
cations as endorsed by the FDA. The manufacturer of regora-
fenib has submitted a request for EMA approval for treatment
of advanced GISTs.

9. Conclusion

Opverall, as noted above, clinical development of regorafenib has
spanned Phase I to Phase III, including Phase II and Phase I1I
studies for GIST. At this time, only the Phase III study in colo-
rectal cancer has reported data indicating an improvement in
OS data with use of this agent [60]. A consistent finding across
all five studies reviewed above is that regorafenib treatment is
commonly associated with stable disease, with only a small
proportion of patients achieving a partial response [51-53,55.60].
In the Phase III study of regorafenib in GIST patients
(GRID), there was almost a 4-month improvement in PES
with over 50% of the patients experiencing disease control [55].
Based on this Phase III data, regorafenib received FDA approval
in February 2013.

10. Expert opinion

The use of KIT/PDGFRA kinase inhibitors has transformed
the treatment of advanced GISTs. These tumors respond
poorly or not at all to cytotoxic chemotherapy but have a
high response rate to front-line imatinib. Imatinib treatment
is associated with prolonged PFS (median 20 months in
Phase III studies) and OS (~ 5 years in several studies). These
clinical results are likely a consequence of the dependence
(so-called oncogene addiction) of most GISTs to mutated
oncogenic kinases (KIT 80%, PDGFRA 5 - 10%). Both
primary and secondary resistance to imatinib is determined
by the intrinsic imatinib sensitivity of the target kinase in
any given tumor. Acquired (secondary) mutations limit the
overall duration of response to imatinib [14].

Sunitinib, a multi-targeted kinase inhibitor of KIT/
PDGFRA as well as VEGFR family members, has activity
against imatinib-resistant GIST. This clinical activity is likely
a consequence of the sensitivity of some, but not all, secondary
mutations to this agent. Despite its potent anti-VEGFR activ-
ity, there is no convincing evidence that this activity is required
or even contributes to the clinical activity of sunitinib against
imatinib-resistant GIST. Numerous studies have detailed the
heterogeneity of imatinib-resistance mutations between differ-
ent metastatic sites. Overall, only about 50% of imatinib-
resistant lesions have iz vitro sensitivity to sunitinib (ATP
pocket mutations being sunitinib-sensitive, activation loop
mutations being resistant). These data likely explain the mixed
imaging responses commonly observed during sunitinib treat-
ment of imatinib-resistant GIST and the relatively short PFS
with sunitinib compared with front-line treatment [14]. Regor-
afenib is a structurally distinct multi-targeted kinase inhibitor
with demonstrated activity in the third-line metastatic GIST
treatment setting [53,55]. As with sunitinib, the efficacy of

Expert Opin. Pharmacother. (2014) 15(4) 555

RIGHTS LI N Ky


http://informahealthcare.com/journal/EOP

Expert Opin. Pharmacother. Downloaded from informahealthcare.com by VA Puget Sound Health Care Sys on 11/06/14
For personal use only.

L. C. Overton & M. C. Heinrich

regorafenib is likely to be substantially determined by its spec-
trum of activity against drug-resistant KIT mutations rather
than by its anti-angiogenic effects. To date, limited data indi-
cate that regorafenib has superior potency to imatinib or suni-
tinib for some common secondary activation loop mutations.
Unlike imatinib, both regorafenib and sunitinib inhibit the
KIT gatekeeper mutation (T670I). However, regorafenib
appears markedly inferior to sunitinib for treatment of the
common KIT VG654A secondary imatinib-resistance muta-
tion [54]. As discussed above for sunitinib, the incomplete spec-
trum of kinase inhibitory activity for regorafenib limits the
duration of response as drug-resistant lesions will progress at
the same time that drug-sensitive lesions regress or remain
stable. Given its spectrum of activity, it is possible that regora-
fenib could outperform sunitinib in the second-line setting.
In addition, it is also possible that regorafenib could improve
on the results of front-line imatinib. However, given the supe-
rior tolerability of imatinib compared with regorafenib and
the prolonged PFS observed with front-line imatinib, it is
questionable whether such a large comparative study will ever
be performed. To date, there has been no initiative to study
regorafenib in earlier lines of therapy of advanced GIST.

For the conceivable future, it seems likely that regorafenib
will remain as the standard third-line therapy for metastatic

treatments using regorafenib as a backbone. As additional KIT
inhibitors demonstrate activity in the third-line or later setting,
these agents may be tested against regorafenib in the third-line
setting.

The toxicities associated with regorafenib are similar to
other kinase inhibitors that include activity against VEGFR
family members. Close attention to severity of side effects
and individualization of supportive care are necessary for opti-
mal use of this agent. Despite the modest improvement in
median PFS observed in the Phase III GRID study, in our
experience, many patients obtain meaningful palliation of
their GIST-associated symptoms from this agent. In addition,
a minority of patients may experience prolonged disease
control.

Declaration of interest

M Heinrich: Consultant - Ariad, Molecular MD, Novartis,
Pfizer. Speaker’s honorarium - Onyx, Novartis. Equity
interest — Molecular MD. Intellectual property — patent on
treatment of GIST with imatinib - assigned to my institution
and licensed to Novartis. L Overton has no conflicts of inter-

est. This paper has been supported by a VA Merit Review

GIST. Future studies may explore

Bibliography
Papers of special note have been highlighted as

either of interest (@) or of considerable interest

novel combination

human gastrointestinal stromal tumors.

Science 1998;279:577-80

Grant, GIST Cancer Research Fund, Life Raft Group.

stromal tumor. N Engl ] Med
2001;344:1052-6

(e@) to readers. ° The first description of KIT protein 12.  Demetri GD, von Mehren M,
fett ; expression and KIT-activating Blanke CD, et al. Efficacy and safety of
1. Miettinen M, Lasota J. Histopathology y y
of gastrointestinal stromal tumor. mutations in GIST. imatinib mesylate in advanced
104-8G5. 7. Rubin BP, Singer S, Tsao C, et al. KIT astrointestinal stromal tumors. N Engl
J Surg Oncol 2011;104:865-73 g 8 g
5 ] H, Vehtari A, Rithimaki | | activation is a ubiquitous feature of J Med 2002;347:472-80
' Rojellzsu;l  venar ‘ o fma 1, ’ let & gastrointestinal stromal tumors. . Results from the Phase II study of
) Ol rtecurrenceﬁo gastromntestina lvsi Cancer Res 2001;61:8118-21 imatinib that led to FDA approval for
stromal tumour after surgery: an analysis
of pooled population-based cohorts. 8. Mazur MT, Clark HB. Gastric stromal treatment of advanced GIST.
Lancet Oncol 2012;13:265-74 tumors. Reappraisal of histogenesis. Am J 13.  Heinrich MC, Corless CL, Demetri GD,
3 Miettinen M. L LG . ol Surg Pathol 1983;7:507-19 et al. Kinase mutations and imatinib
. iettinen M, Lasota J. Gastrointestinal . . . .
stromal tumors-definition, clinical, 9. Edmonson JH, Marks RS, Buckner JC, resp orfse m.p atients with metastatic
histological, immunohistochemical, and Mahoney MR. Contrast of response to gastr.omtestmal swomal tumor.
molecular genetic features and differential dacarbazine, mitomycin, doxorubicin, and J Clin Oncol 2003;21:4342-9
diagnosis. Virchows Arch 2001;438:1-12 cisplatin (DMAP) plus GM-CSF between 14.  Corless CL, Barnett CM, Heinrich MC.
4 Fletcher CD. B Corless C patients with advanced malignant Gastrointestinal stromal tumours: origin
' etlc g, o errfnan H’ or .ess | ’ gastrointestinal stromal tumors and patients and molecular oncology. Nat Rev Cancer
crak llagnosm of gastromntesting b with other advanced leiomyosarcomas. 2011;11:865-78
stromal tumors: a consensus approach. e
Hum Pathol 2002;33:459-65 Cancer Invest 2002;20:605-12 15.  Heinrich MC, Corless CL, Duensing A,
5 Tran T. Davila TA. ELS HB. Th 10.  Dematteo RP, Heinrich MC, et al. PDGFRA activating mutations in
’ ri;l ; | i ag ’ A g e te - El-Rifai WM, Demetri G. Clinical gastrointestinal stromal tumors. Science
Pt errilo o8y O. m 1g3r_[1an‘t gafs;r(;lsnsesnn management of gastrointestinal stromal 2003;299:708-10
stromal tumors: an analysis of 1,458 cases cumors: before and after STI-571.
from 1992 to 2000. Am J Gastroenterol 16.  Woodall CE III, Brock GN, Fan J, et al.
2005;100:162-8 Hum Pachol 2002;33:466-77 An evaluation of 2537 gastrointestinal
6 i S Tsozaki K. Mori y | 11.  Joensuu H, Roberts PJ, stromal tumors for a proposed clinical
’ Glr‘ota f% soz‘a L (')rlyamfa l;et‘a ' Sarlomo-Rikala M, et al. Effect of the staging system. Arch Surg
aim-ol-iunction mutations of et in tyrosine kinase inhibitor STI571 in a 2009;144:670-8
patient with a metastatic gastrointestinal
556 Expert Opin. Pharmacother. (2014) 15(4)

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/22069171?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22069171?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22153892?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22153892?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22153892?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11213830?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12094370?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12094370?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15654796?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15654796?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15654796?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15654796?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9438854?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9438854?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11719439?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11719439?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11719439?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/6625048?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/6625048?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12197215?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12094371?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12094371?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12094371?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11287975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11287975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11287975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11287975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12181401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12181401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12181401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14645423?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14645423?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14645423?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22089421?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22089421?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12522257?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12522257?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19620548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19620548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19620548?dopt=Abstract
http://informahealthcare.com/journal/EOP

Expert Opin. Pharmacother. Downloaded from informahealthcare.com by VA Puget Sound Health Care Sys on 11/06/14
For personal use only.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Emile JF, Brahimi S, Coindre JM, et al.
Frequencies of KIT and

PDGFRA mutations in the MolecGIST o
prospective population-based study differ

from those of advanced GISTs.

Med Oncol 2012;29:1765-72

Joensuu H. Adjuvant treatment of GIST: 28.

patient selection and treatment strategies.
Nat Rev Clin Oncol 2012;9:351-8

Verweij ], Casali PG, Zalcberg J, et al.
Progression-free survival in
gastrointestinal stromal tumours with
high-dose imatinib: randomised trial.

Lancet 2004;364:1127-34
Caram MV, Schuetze SM. Advanced or

metastatic gastrointestinal stromal
tumors: systemic treatment options.

J Surg Oncol 2011;104:888-95
Heinrich MC, Owzar K, Corless CL,

et al. Correlation of kinase genotype and
clinical outcome in the North American
Intergroup Phase III Trial of imatinib
mesylate for treatment of advanced
gastrointestinal stromal tumor: CALGB
150105 Study by Cancer and Leukemia
Group B and Southwest Oncology
Group. ] Clin Oncol 2008;26:5360-7

Debiec-Rychter M, Sciot R, Le Cesne A,
et al. KIT mutations and dose selection
for imatinib in patients with advanced

gastrointestinal stromal tumours.

Eur ] Cancer 2006;42:1093-103

Antonescu CR, Besmer P, Guo T, et al.
Acquired resistance to imatinib in
gastrointestinal stromal tumor occurs
through secondary gene mutation.

Clin Cancer Res 2005;11:4182-90
Chen LL, Trent JC, Wu EF, et al.

A missense mutation in KIT kinase
domain 1 correlates with imatinib

resistance in gastrointestinal stromal

tumors. Cancer Res 2004;64:5913-19 33.

Debiec-Rychter M, Cools J, Dumez H,
et al. Mechanisms of resistance to
imatinib mesylate in gastrointestinal
stromal tumors and activity of the
PKC412 inhibitor against imatinib-
resistant mutants. Gastroenterology

2005;128:270-9
Liegl B, Kepten I, Le C, et al.

Heterogeneity of kinase inhibitor

34.

resistance mechanisms in GIST. ] Pathol

2008;216:64-74
Heinrich MC, Corless CL, Blanke CD,

et al. Molecular correlates of imatinib

35.

32.

resistance in gastrointestinal stromal
tumors. ] Clin Oncol 2006;24:4764-74
Comprehensive analysis of mechanisms
of imatinib resistance in patients
treated in the Phase II study of

imatinib (Ref. [12]). 36.

Demetri GD, van Oosterom AT,
Garrett CR, et al. Efficacy and safety of
sunitinib in patients with advanced
gastrointestinal stromal tumour after

failure of imatinib: a randomised

controlled trial. Lancet 37.

20006;368:1329-38

Phase III study demonstrating activity of
sunitinib for imatinib-resistant GIST.
Mendel DB, Laird AD, Xin X, et al. In
vivo antitumor activity of SU11248, a
novel tyrosine kinase inhibitor targeting

vascular endothelial growth factor and

platelet-derived growth factor receptors: 38.

determination of a pharmacokinetic/
pharmacodynamic relationship.

Clin Cancer Res 2003;9:327-37
O’Farrell AM, Abrams TJ, Yuen HA,

et al. SU11248 is a novel FLT3 tyrosine
kinase inhibitor with potent activity

in vitro and in vivo. Blood

2003;101:3597-605 39,

Osusky KL, Hallahan DE, Fu A, et al.
The receptor tyrosine kinase inhibitor
SU11248 impedes endothelial cell

migration, tubule formation, and blood

vessel formation in vivo, but has little 40

effect on existing tumor vessels.
Angiogenesis 2004;7:225-33

Gajiwala KS, Wu JC, Christensen J,

et al. KIT kinase mutants show unique

mechanisms of drug resistance to

imatinib and sunitinib in gastrointestinal 41

stromal tumor patients. Proc Natl Acad

Sci USA 2009;106:1542-7

Kang Y-K, Ryu M-H, Ryoo B-Y, et al.
Randomized phase III trial of imatinib
(IM) rechallenge versus placebo in
patients (pts) with metastatic and/or
unresectable gastrointestinal stromal
tumor (GIST) after failure of at least
both IM and sunitinib (SU): right study.
ASCO Meet Abstr 2013;31:LBA10502

Reichardt P, Blay JY, Gelderblom H,
et al. Phase III study of nilotinib versus
best supportive care with or without a
TKI in patients with gastrointestinal
stromal tumors resistant to or intolerant
of imatinib and sunitinib. Ann Oncol

2012;23:1680-7

Benjamin RS, Schoffski P, Hartmann JT,
et al. Efficacy and safety of motesanib,

42.

Regorafenib

an oral inhibitor of VEGF, PDGF, and
Kit receptors, in patients with imatinib-
resistant gastrointestinal stromal tumors.
Cancer Chemother Pharmacol

2011;68:69-77
Joensuu H, De Braud F, Grignagni G,

et al. Vatalanib for metastatic
gastrointestinal stromal tumour (GIST)
resistant to imatinib: final results of a
phase II study. Br ] Cancer
2011;104:1686-90

Park SH, Ryu MH, Ryoo BY, et al.
Sorafenib in patients with metastatic
gastrointestinal stromal tumors who
failed two or more prior tyrosine kinase
inhibitors: a phase II study of Korean
gastrointestinal stromal tumors study
group. Invest New Drugs
2012;30:2377-83

Kindler HL, Campbell NP,

Wroblewski K, et al. Sorafenib (SOR) in
patients (pts) with imatinib (IM) and
sunitinib (SU)-resistant (RES)
gastrointestinal stromal tumors (GIST):
final results of a University of Chicago
Phase II Consortium trial.

ASCO Meet Abstr 2011;29:10009

Trent JC, Wathen K, von Mehren M,
et al. A phase II study of dasatinib for
patients with imatinib-resistant

gastrointestinal stromal tumor (GIST).

ASCO Meet Abstr 2011;29:10006

Schoffski P, Reichardt P, Blay JY, et al.
A phase I-II study of everolimus
(RADO01) in combination with imatinib
in patients with imatinib-resistant

gastrointestinal stromal tumors.

Ann Oncol 2010;21:1990-8
Available from: www.clinicaltrials.gov

Wilhelm SM, Dumas ], Adnane L, et al.
Regorafenib (BAY 73-4506): a new oral
multikinase inhibitor of angiogenic,
stromal and oncogenic receptor tyrosine
kinases with potent preclinical antitumor
activity. Int J Cancer 2011;129:245-55

Wilhelm SM, Carter C, Tang L, et al.
BAY 43-9006 exhibits broad spectrum
oral antitumor activity and targets the
RAF/MEK/ERK pathway and receptor
tyrosine kinases involved in tumor
progression and angiogenesis. Cancer Res

2004;64:7099-109
Wilhelm SM, Adane J, Hirth-Dietrich C,

et al. Preclinical characterization of BAY
73-4506: a kinase inhibitor with broad
spectrum antitumor activity targeting
oncogenic and angiogenic kinases.
Abstract B260 presented at

Expert Opin. Pharmacother. (2014) 15(4)

557

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/21953054?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21953054?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21953054?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21953054?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22525709?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22525709?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15451219?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15451219?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15451219?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22069173?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22069173?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22069173?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18955451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16624552?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16624552?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16624552?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15930355?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15930355?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15930355?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15342366?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15342366?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15342366?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15342366?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15685537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15685537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15685537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15685537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15685537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18623623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18623623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16954519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16954519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16954519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17046465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17046465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17046465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17046465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17046465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12538485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12531805?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12531805?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12531805?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15609077?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15609077?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15609077?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15609077?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15609077?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19164557?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19164557?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19164557?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19164557?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22357255?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22357255?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22357255?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22357255?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22357255?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20838998?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20838998?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20838998?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20838998?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21540861?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21540861?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21540861?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21540861?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22270258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20507881?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20507881?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20507881?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20507881?dopt=Abstract
www.clinicaltrials.gov
www.ncbi.nlm.nih.gov/pubmed/21170960?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21170960?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21170960?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21170960?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21170960?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15466206?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15466206?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15466206?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15466206?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15466206?dopt=Abstract
http://informahealthcare.com/journal/EOP

Expert Opin. Pharmacother. Downloaded from informahealthcare.com by VA Puget Sound Health Care Sys on 11/06/14
For personal use only.

L. C. Overton & M. C. Heinrich

AACR-NCI-EORTC International
Conference: Molecular Targets and

Cancer Therapeutics; San Francisco,

a phase I study. Br J Cancer
2012;106:1722-7

improves survival in a phase III
randomized trial in patients with

metastatic colorectal cancer previously

53.  George S, Wang Q, Heinrich MC, et al.
USA; 2007 Efficacy and safety of regorafenib in treated with an oxaliplatin-based
45.  Fabian MA, Biggs WH III, Treiber DK, patients with metastatic and/or regimen. J Clin Oncol
et al. A small molecule-kinase interaction unresectable GI stromal tumor after 2012;30:3499-506
map for clinical kinase inhibitors. failure of imatinib and sunitinib: 58.  Hurwitz H, Fehrenbacher L,
Nat Biotechnol 2005;23:329-36 a multicenter phase II trial. J Clin Oncol Novotny W, et al. Bevacizumab plus
46.  Yancopoulos GD, Davis S, Gale NW, 2012;30:2401-7 irinotecan, fluorouracil, and leucovorin
et al. Vascular-specific growth factors and o Phase II study of regorafenib in for metastatic colorectal cancer. N Engl
blood vessel formation. Nature advanced GIST (updated results in J Med 2004;350:2335-42
2000;407:242-8 Ref. [54]). 59.  Hochster HS, Hart LL, Ramanathan RK,
47. Llovet JM, Ricdi S, Mazzaferro V, et al. 54.  George S, Feng Y, von Mehren M, et al. et al. Safety and efficacy of oxaliplatin
Sorafenib in advanced hepatocellular Prolonged survival and disease control in and fluoropyrimidine regimens with or
carcinoma. N Engl ] Med the academic phase II trial of regorafenib without bevacizumab as first-line
2008:359:378-90 in GIST: response based on genotype. treatment of metastatic colorectal cancer:
. . ASCO Meet Abstr 2013;31:10511 results of the TREE Study. J Clin Oncol
48.  Escudier B, Eisen T, Stadler WM, et al.
Sorafenib in advanced clear-cell renal-cell 55. Demetri GD, Reichardt P, Kang YK, 2008;26:3523-9
carcinoma. N Engl J Med et al. Efficacy and safety of regorafenib 60.  Grothey A, Van Cutsem E, Sobrero A,
2007:356:125-34 for advanced gastrointestinal stromal et al. Regorafenib monotherapy for
tumours after failure of imatinib and previously treated metastatic colorectal
49. Motzer RJ,.IiIutson T]j:’ Tomezak P’_ sunitinib (GRID): an international, cancer (CORRECT): an international,
et al. Sunitinib versus interferon alfa in . . . .
K K multicentre, randomised, placebo- multicentre, randomised,
metastatic renal-cell carcinoma. N Engl . .
controlled, phase 3 trial. Lancet placebo-controlled, phase 3 trial. Lancet
J Med 2007:356:115-24 2013;381:295-302 2013;381:303-12
50.  Raymond E, Dahan L, Raoul JL, et al. o Phase III study of regorafenib for 61.  Available from: www.fda.gov
Sunitinib malate for the treatment of advanced GIST. The results of this
pancreatic neuroendocrine tumors. study led to FDA-approval of L.
N Engl ] Med 2011;364:501-13 regorafenib folr treatment of a}dva.nced ﬁfﬁ:::téogverton MD &
51.  Mross K, Frost A, Steinbild S, et al. GIST after prior treatment with Michael C Heinrich’ MD
A phase I dose-escalation study of imatinib and sunitinib. *Author for corresponden
pondence
regorafenib (BAY 73-4506), an inhibitor 56.  Joulain F, Proskorovsky I, Allegra C, Portland VA Medical Center, Oregon Helath &
of oncogenic, angiogenic, and stromal et al. Mean overall survival gain with Science University and OHSU Knight Cancer
kinases, in patients with advanced solid aflibercepe plus FOLFIRI vs placebo plus  Ingticute, 3710 SW US Veterans Hospital Rd.,
tumors. Clin Cancer Res FOLFIRI in patients with previously Building 103 Lab E223, R&D 19,
2012;18:2658-67 treated metastatic colorectal cancer. Portland OR 97239-2999, USA
° Conventional Phase I study Br J Cancer 2013;109:1735-43 Tel: +1 503 220 3405;
of regorafenib. 57.  Van Cutsem E, Tabernero J, Lakomy R, Fax: +1 503 273 5158;
52.  Strumberg D, Scheulen ME, et al. Addition of aflibercept to E-mail: Heinrich@ohsu.edu
Schultheis B, et al. Regorafenib (BAY fluorouracil, leucovorin, and irinotecan
73-4506) in advanced colorectal cancer:
558 Expert Opin. Pharmacother. (2014) 15(4)

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/15711537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15711537?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11001067?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11001067?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18650514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18650514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17215530?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17215530?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17215529?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17215529?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21306237?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21306237?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22421192?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22421192?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22421192?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22421192?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22421192?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22568966?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22568966?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22568966?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22614970?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22614970?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22614970?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22614970?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22614970?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177515?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22949147?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15175435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15175435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15175435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18640933?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18640933?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18640933?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18640933?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18640933?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177514?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23177514?dopt=Abstract
www.fda.gov
mailto:Heinrich@ohsu.edu
http://informahealthcare.com/journal/EOP

	Abstract
	Introduction
	Advanced gastrointestinal stromal tumor
	Competitor compounds

	Introduction of the compound
	Chemistry
	Pharmacodynamics
	Pharmacokinetics and metabolism
	Clinical efficacy
	Phase I studies
	Phase II study
	Phase III studies
	Post-marketing surveillance

	Safety and tolerability
	Regulatory affairs
	Conclusion
	Expert opinion
	Declaration of interest
	Bibliography

