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Abstract: The lack of valid clinical management options for patients affected by metastatic
colorectal cancer, which has progressed after all approved standard treatments, has lead to
research into new active molecules. Regorafenib is an oral small-molecule multi kinase inhibi-
tor, binding to several intracellular kinases, with powerful inhibitory activity against vascular
endothelial growth factor receptors (VEGFR-1,VEGFR-2, and VEGFR-3), platelet-derived
growth factor receptor, fibroblast growth factor receptor 1, Raf, TIE-2, and the kinases KIT,
RET, and BRAF. The antitumor activity of regorafenib has been tested in vitro and in vivo, and
inhibition of tumor growth has been observed in several cancer models, particularly colorectal
cancer and gastrointestinal stromal tumors. The most frequent adverse events of grade 3 or
higher related to regorafenib were hand-foot skin reaction, fatigue, diarrhea, hypertension,
and rash or desquamation. Only a few Phase I-II trials, and most recently a Phase III trial in
pretreated colorectal cancer, have been carried out to date. Several ongoing trials are testing the
efficacy of regorafenib in combination with chemotherapy. At this point in time, regorafenib
is the first small-molecule tyrosine kinase inhibitor to gain approval by the US Food and Drug
Administration for pretreated metastatic colorectal cancer patients.
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Introduction to colorectal cancer

and management issues

Colorectal cancer (CRC) is the third most common cancer and the second leading
cause of cancer death worldwide.! More than 30% of patients have locally advanced or
metastatic disease at the time of diagnosis, which essentially precludes a cure by
surgical treatment alone.? Furthermore, even among patients who undergo apparently
curative resection, many experience relapse of CRC, requiring systemic therapy.
Standard treatment consists of chemotherapy based on fluoropyrimidines, oxaliplatin,
and irinotecan (used in combination or sequentially). However, in the last 20 years an
improvement in the outcome of patients with metastatic colorectal cancer (mCRC) has
been observed. This is mainly due to the identification of new molecular targets typi-
cally altered in CRC cells.? In this context, agents targeting epidermal growth factor
receptor (EGFR) and vascular endothelial growth factor (VEGF) and their correlated
pathways represent the most promising drugs for the treatment of mCRC. Three of
these, cetuximab and panitumumab, monoclonal antibodies against the EGFR, and
bevacizumab, a monoclonal antibody against the VEGF protein, have already shown
clinical benefit and are commercially approved for use in advanced CRC.* ¢ Limitations
to the use of anti-EGFR agents have been imposed by the identification of predictive
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biomarkers and molecular mechanisms responsible for intrin-
sic resistance, such as mutations in the KRAS gene, occurring
in 40% of CRC patients, or BRAF mutations, which occur
with a frequency of 5%—12%, leading to constitutive activa-
tion of the mitogen activated protein kinase (MAPK) path-
way independent of the EGFR status.”® The development
of antiangiogenic agents, their introduction into clinical
practice, and results from ongoing clinical trials have led to
improvements in progression-free survival (PFS) and overall
survival (OS) of mCRC patients. Angiogenesis is the process
of new blood vessel formation from a pre-existing vascular
bed, essential for tumor growth and metastasis, with a posi-
tive correlation between tumor angiogenesis and CRC stage
revealed by several studies.’

Activation of multiple signaling pathways in the tumor
microenvironment, including vascular endothelial growth
factor receptors (VEGFRs), fibroblast growth factor recep-
tor (FGFR), and platelet-derived growth factor receptor
(PDGFR), controls the initiation of tumor neoangiogenesis.'?
VEGF was the first vascular-specific growth factor to be
characterized, and is one of the most critical drivers of tumor
angiogenesis.!' VEGF-A is the most important member of
the VEGF family (which is comprised of six growth factors:
VEGF-A, B, C, D, E, and the placental growth factor), and
acts through three VEGF receptors (VEGFR-1 [Flt-1],
VEGFR-2 [FIk/KDR], and VEGFR-3 [Flt-4])." Of the
three closely related members of the VEGFR family, the
major effects of VEGF on vessel growth and permeability
are mediated via VEGFR-2.*! Many other growth factors
and receptors have been shown to work in a coordinated
and complementary manner with established pathways to
regulate tumor growth and angiogenesis. This suggests that
blockade of multiple growth factor and receptor pathways
may be needed to increase the efficacy of cancer therapy.
These pathways include FGFR, which is essential for tumor
cell proliferation and differentiation via several downstream
signaling pathways,'> and PDGFR, which modulates the
recruitment and maturation of pericytes, supporting vessel
stabilization.'® The angiopoietin receptor TIE-2 is another
angiogenesis tyrosine kinase regulator predominantly
expressed on endothelial cells, and is indispensable for the
maturation of immature vessels. Its ligands (Ang2/VEGF) are
frequently upregulated in several human tumor samples.'”"°
The tyrosine kinase receptors RET and KIT represent other
valid targets for cancer therapy. Mutations of the RET gene
have been identified as driving oncogenic events in thyroid
carcinomas,’®?! and oncogenic KIT mutations are well docu-
mented in gastrointestinal stromal tumors (GIST).?2%

To date, bevacizumab has been the most successful devel-
oped agent; however, not all mCRC patients display tumor
response, and even after an initial response to bevacizumab,
most of them experience progression of disease. Molecular
and cellular mechanisms mediating resistance have been
extensively studied.?* Therefore, improving the response rate
(RR) and OS remains an area of active investigation.

A wide range of angiogenesis inhibitors are currently in
development, with a focus on targeting VEGFR-2 to treat can-
cer. Among these, aflibercept, a fully humanized recombinant
fusion protein that binds VEGF-A, VEGF-B, and placental
growth factor (PGF)-1 and 2 with high affinity, preventing
their binding to VEGF receptors, has demonstrated clinical
efficacy in a recent Phase III trial (VELOUR) in second-
line treatment of patients with mCRC, in combination with
chemotherapy (OS hazard ratio [HR]: 0.82, P = 0.0032).%
Several other multi target kinase inhibitors are also in devel-
opment, often failing to demonstrate an OS improvement in
Phase III trials.?* % Regorafenib has been the only promising
multi tyrosine kinase inhibitor that has been successfully
tested in a Phase 111 clinical study. This novel oral multi kinase
inhibitor has a distinct profile targeting angiogenic, stromal,
and oncogenic receptor tyrosine kinases (RTKs).

Pharmacology, mode of action, and

pharmacokinetics of regorafenib
Regorafenib is an oral multi kinase inhibitor targeting both
tumor cell proliferation/survival pathways (RAF/MEK/ERK)
and selected RTKs such as VEGFR-2/3, TIE-2, PDGFR,
RET, and c-KIT (Figure 1).

In vitro, it potently inhibits a distinct set of kinases, including
the angiogenic and stromal RTKs VEGFR-1-3, TIE-2, FGFR-
1, and PDGFR-b, with half maximal inhibitory concentration
(IC,,) values ranging from 4 nM to 311 nM, and the oncogenic
RTKs KIT and RET, along with the intracellular signaling
kinases c-RAF/RAF-1, BRAF, and V60OEBRAF, with IC,
values ranging from 1.5 nM to 28 nM. Its ability in inhibiting the
wild-type and mutant form of BRAF protein has a great thera-
peutic implication in the management of mCRC with BRAF/
V600E that fails to respond to cetuximab or EGFR therapy.?
Regorafenib has demonstrated antiproliferative activity in vitro
in a wide range of vascular (human umbilical vein endothelial
cells and human aortic smooth muscle cells (HASMC)) and
tumor (GIST, thyroid, lung, colon, breast, and pancreas) cell
lines with different oncogenic mutations. Similar effects were
observed in vivo, where once-daily treatment with regorafenib
at doses as low as 10 mg/kg demonstrated broad-spectrum
antitumor efficacy in preclinical tumor xenograft models in
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Figure | Regorafenib (BAY 73-4506) molecular structure.

athymic mice (colon [Colo-205(BRAFmt; KRASwt), HT-29
(BRAFmt; KRASwt), HCT-15 (BRAFwt; KRAS mt)], breast,
pancreatic, and non-small cell lung cancer). This included
the colon HCT-15, a multiple-drug-resistant model, which is
resistant to taxanes. Regorafenib effectively inhibited growth
of the Colo-205 xenografts in the dose range of 10-100 mg/kg,
reaching a tumor growth inhibition of about 75% at day 14 at the
10 mg/kg dose. Regorafenib was very well tolerated in mice up
to 100 mg/kg daily x 9 without significant weight loss or animal
lethality, suggesting a high apparent therapeutic index.

The antiangiogenic effect of regorafenib was demon-
strated in vivo by dynamic contrast-enhanced magnetic
resonance imaging. Regorafenib administered once daily
orally at 10 mg/kg significantly decreased the extravasation
of Gadomer, a macromolecular magnetic resonance imag-
ing contrast agent suited to display changes in blood vessel
permeability, in the vasculature of rat GS9L glioblastoma
tumor xenografts. In a daily (qd) x 4 dosing study, the
pharmacodynamic effects persisted for 48 hours after the
last dosing and correlated with tumor growth inhibition.
A significant reduction in tumor microvessel area was also
observed in human colorectal xenografts after treatment with
regorafenib. Furthermore, the level of activated pERK1/2,
detected by immunohistochemistry, was strongly reduced in
treated mice, indicating that, in vivo, regorafenib effectively
inhibited the RAF/MEK/ERK signaling cascade.
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These data suggest that activity of regorafenib against
the tumor proliferation and survival pathway (RAS/RAF/
MAPK) and tumor vasculature pathway represents the basis
of'its high clinical efficacy.

Pharmacokinetic data were widely studied in preclinical
and Phase I clinical trials. Pharmacokinetic analysis revealed
a similar exposure at steady state for the parent compound
and two pharmacologically active metabolites (M2 and M5).
Differences between maximum (C__ ) and minimum concen-
tration (C__ ) within the dosing interval of 24 hours were small,
with mean C__ /C . ratios of ~2-3 for both regorafenib and
M2, and ~1.5 for M5. Steady-state pharmacokinetic profiles
demonstrated similar mean systemic exposure of regorafenib
and its metabolites. Area under the curve (AUC), ,, and C__ at
steady state showed pronounced variability between patients,
with interindividual coefficients of variance of ~60%—90% for
regorafenib and M2, and >100 for M5. The intraindividual
coefficients of variance for C_ _and AUC_,, (n = 14) were
32%—34% for regorafenib, 37%—46% for M2, and 52%—63%
for M5. Intraindividual variability was therefore markedly
reduced compared with interindividual variability. At the
160 mg dose, plasma exposure at steady state (AUC_,,,
geometric mean) of the metabolites M2 (48 mg h I™') and
MS5 (65-79 mg h I"") was similar to, or slightly greater than,
that of regorafenib (45-50 mg h 17!). The terminal half-life
of M2 (25 hours) was comparable with that of regorafenib
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(26-28 hours), although the elimination of M5 was slower,
with an estimated half-life of 51-64 hours.*

Clinical trials

Regorafenib has been evaluated as a single agent in two
Phase I dose-escalation trials (Table 1). A trial conducted by
Mross et al*® recruited 53 patients with solid tumors refractory
to standard treatment. The patients were enrolled into eight
cohorts at dose levels ranging from 10 mg to 220 mg daily.
The recommended dose for future studies was determined to be
160 mg daily, with a treatment schedule of 21 days on/7 days off
in repeating 28-day cycles. In this trial, regorafenib showed an
acceptable safety profile and preliminary evidence of antitumor
activity in patients with solid tumors. Indeed, from a total of
47 patients evaluable for response, three of them achieved a
partial response (renal cell carcinoma, CRC, and osteosarcoma).
An additional extension cohort was planned to focus on patients
with cancer types that were considered to be promising targets
for regorafenib. CRC was identified as the tumor type of most
interest for further analysis; thus, the extension phase included
patients with advanced histologically confirmed CRC.

All the data from the previous Phase I trial were analyzed
to study the effects of regorafenib in this setting of patients.
Results have been presented for a total of 38 patients with
mCRC enrolled during the dose-escalation (n = 15) and
extension (n = 23) phases. The median treatment duration
was 53 days. Patients had received extensive previous anti-
tumor treatment including bevacizumab (53%) and/or anti-

Table | Clinical studies with regorafenib in patients
affected by CRC
Patients Treatment Outcome References
Phase |
53 patients 10220 mg/daily 47 patients evaluable 30
affected by 21 days on/ for response:
solid 7 days off 3 PR (RCC, CRC,
tumors every 28 days osteosarcoma)
38 CRC 60-220 mg/daily 31
patients 21 days on/
7 days off
every 28 days
Phase 11l
753 CRC Median OS 32
patients
500 160 mg/daily 6.4 months
21 days on/
7 days off 5.0 months
253 every 28 days
Placebo Hazard ratio 0.77;

95% Cl 0.64-0.94;
one-sided P = 0.0052

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; OS, overall
survival; PR, partial response; RCC, renal cell carcinoma; q28, every 28 days.

EGFR antibodies (cetuximab or panitumumab) (53%). One
of 27 evaluable CRC patients achieved a partial response
(4%), and 19 (70%) had stable disease at least 7 weeks after
the start of treatment, giving a disease control rate of 74%.
Tumor shrinkage was observed in 13 patients. Regorafenib
dosing at 160 mg daily using a treatment schedule of 21 days
on/7 days off was feasible in patients with advanced refrac-
tory CRC. In addition, the study of tumor perfusion in rep-
resentative lesions measured by dynamic contrast-enhanced
magnetic resonance imaging demonstrated decreased tumor
vascularization in most patients.?!

Significant response rates for regorafenib treatment were
documented in Phase II clinical studies in patients affected
by GIST and non-small cell lung cancer. Consequently, based
on the results and the high unmet need in the population of
mCRC patients, investigators decided to proceed directly to
a Phase I1I trial.

The CORRECT trial is an international Phase III study
conducted to evaluate the efficacy of regorafenib for the treat-
ment of patients with mCRC after failure of standard thera-
pies (Table 1). The CORRECT trial involved 14 centers in
16 countries in North America, Europe, Asia, and Australia.
Between April 2010 and March 2011, 760 patients were
randomized to receive regorafenib (n = 505) or placebo
(n = 255). All the patients had histological or cytological
documentation of adenocarcinoma of the colon or rectum,
had to have received local currently approved standard thera-
pies, and had disease progression during or within 3 months
after the last standard therapy. Most baseline characteristics
were similar in the regorafenib and placebo groups. However,
a lower proportion of patients in the regorafenib group (54%)
had a KRAS mutation compared with the placebo group
(62%). A similar proportion of BRAF mutations was found
in both arms (4% in placebo group and 6% in regorafenib
group). All patients had been treated with anti-VEGF drugs,
although a higher proportion of patients in the placebo group
progressed on bevacizumab, irinotecan, and oxaliplatin than
in the regorafenib group. The primary endpoint was OS; the
secondary efficacy endpoints were PFS, objective RR, and
disease control rate and safety. Tumor response and progres-
sion were radiologically assessed every 8 weeks. Duration
of response, stable disease, and health-related quality of life
were assessed as tertiary endpoints. The CORRECT study
met its primary endpoint, showing statistically significant
improvement in OS 0f29% (HR =0.77, P=0.0052). Median
OS was 6.4 months in the regorafenib group and 5.0 months
in the placebo group. Regorafenib showed a benefit in terms
of OS in all the subgroups of patients apart from the group
of patients with primary disease in the colon and rectum.
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Additionally, findings from the secondary endpoints of the
CORRECT study showed statistically significant improve-
ments in PFS (HR = 0.49, P < 0.000001); median PFS
was 1.9 months in the regorafenib group and 1.7 months
in the placebo group. KRAS mutational status was neither
prognostic nor predictive in the study population. Both
KRAS wild-type and KRAS mutated tumors showed statis-
tically significant improvement in terms of OS (HR 0.653
confidence interval [CI] 0.476-0.895 in KRASwt and HR
0.867 CI10.670-1.123 in KRASmut) and PFS (HR0.475 CI
0.362-0.623 in KRASwt and HR 0.525 CI 0.425-0.649 in
KRASmut) from treatment with regorafenib.

Regorafenib also showed improved disease control rate in
patients compared with placebo, although the difference in
objective response rate (partial response plus stable disease
assessed at least 6 weeks after randomization) between the
two arms (1.0% versus 0.4%) did not reach statistical sig-
nificance. No patient had a complete response, but disease
control was achieved in 41% of patients in the regorafenib
group and in 15% in the placebo group.*

On the basis of these results, on 27 September 2012 the
US Food and Drug Administration approved regorafenib
for the treatment of patients with mCRC who have been
previously treated with fluoropyrimidine, oxaliplatin, and
irinotecan-based chemotherapy, an anti-VEGF therapy,
and, if KRAS wild-type, an anti-EGFR therapy. Expanded
access is currently ongoing to provide regorafenib to
subjects diagnosed with mCRC who have failed standard
therapy and for whom no therapy alternatives exist, in the
time between positive results and approval/availability on
the market, and to collect safety data for regorafenib until
market access.

Ongoing trials

Several trials evaluating the efficacy of regorafenib in combina-
tion with chemotherapy in patients with mCRC are currently
ongoing. The NCT01289821 study is a Phase II trial that will
evaluate the efficacy and the safety of regorafenib in combina-
tion with chemotherapy (mFOLFOX®6) as first-line therapy in
patients with mCRC. The primary endpoint of this study is RR;
the aim is to show that the therapy of CRC with mFOLFOX6 in
combination with regorafenib improves the RR observed for
the standard therapy only. Subjects receive regorafenib at a
dose of 160 mg daily on days 4-10 and days 18-24 as four
40 mg coprecipitate tablets. Another randomized, multicenter
Phase II trial has been designed to compare PFS between
regorafenib + FOLFIRI chemotherapy versus placebo +
FOLFIRI in patients with mCRC and KRAS or BRAF mutant
disease previously treated with a FOLFOX regimen.

Safety and tolerability profile

The regorafenib safety profile results were similar to those
observed in the drug’s Phase I and III trials and typical of
the small-molecule tyrosine kinase inhibitor class. They
included grade 3 hand-foot skin reactions, fatigue, anorexia,
and hypertension controlled with dose reductions. In a Phase
I trial conducted by Strumberg et al,’! treatment-emergent,
drug-related adverse events (AEs) were reported in 32
(84%) of the 38 patients with mCRC. All treatment-related
AEs were grade 3 or lower, except one case of clinically
asymptomatic grade 4 thrombocytopenia. No grade 5 AEs
were reported. AEs leading to reduction of the dose were
hand-foot skin reactions. Overall, regorafenib was per-
manently discontinued in eleven patients (29%) due to
treatment-related AEs. Among the 25 patients treated at the
160 mg dose level, six patients permanently discontinued
regorafenib due to treatment-related AEs (hand-foot skin
reaction n = 1, hypertension n = 1, fatigue n = 1, fatigue
and other constitutional symptoms n = 1, thrombocytopenia
n =1, duodenal ulcer n = 1).

A similar safety profile was reported in the Phase III
CORRECT trial. Treatment-related AEs (mainly fatigue and
hand-foot skin reaction) occurred in 93% of patients receiv-
ing regorafenib compared with 61% of patients assigned to
receive placebo. The most frequent AEs of any grade in the
regorafenib group were fatigue and hand-foot skin reactions,
and in the placebo group were fatigue and anorexia. Most
of them occurred early in the course of treatment (during
cycles 1-2). Grade 3—4 treatment-related AEs occurred in
270 (54%) patients assigned to the regorafenib arm. The
most frequent regorafenib-related AEs of grade 3 or higher
were hand-foot skin reactions, fatigue, diarrhea, hyperten-
sion, and rash or desquamation. Serious AEs were reported
in 219 (44%) of 500 patients in the regorafenib group and
100 (40%) of 253 patients in the placebo group. Of the 110
deaths reported during the study, only eleven (regorafenib
n = 8, 2%; placebo n = 3, 1%) were attributed to AEs not
associated with disease progression. In the regorafenib
group, these AEs were pneumonia (n = 2), gastrointestinal
bleeding (n = 2), intestinal obstruction (n = 1), pulmonary
hemorrhage (n=1), seizure (n= 1), and sudden death (n=1).
Occurrence of thromboembolism did not differ between
groups (12 [2%] patients assigned to regorafenib; four [2%]
patients assigned to placebo). Occurrence of hepatotoxic-
ity was higher in the regorafenib group than in the placebo
group. Only one case of death due to regorafenib-related
drug-induced liver injury was reported. The most frequent
AEs necessitating dose modifications (occurring in 67% of
500 patients in the regorafenib arm) were dermatological,
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gastrointestinal, constitutional, metabolic, or laboratory
events.??

Quality of life

Treatment with regorafenib was not associated with detrimen-
tal effects on quality of life, but nor was any improvement
shown.® In particular, a careful analysis was carried out by
the CORRECT trial. Patients’ health-related quality of life
and health utility values were measured with the European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC QLQ-C30) and EuroQol (EQ-5D),
respectively (in the EORTC QLQ-C30, the possible score could
range from 0 to 100, with higher scores representing a higher
level of functioning and better health-related quality of life; in
the EQ-5D, high scores represent better health status). Mean
EORTC QLQ-C30 scores at baseline were 62.6 (standard devia-
tion [SD] 21.7) in the regorafenib group and 64.7 (SD 22.4) in
the placebo group. Mean scores at the end of treatment were
48.9 (SD 21.6) in the regorafenib group and 51.9 (SD 23.9) in
the placebo group. Mean EQ-5D index scores were 0.73 (SD
0.25) in the regorafenib group and 0.74 (SD 0.27) in the placebo
group at baseline, and 0.59 (SD 0.31 for regorafenib, SD 0.34
for placebo) in each group at the end of the treatment. The mean
EQ-5D visual analog scale scores were 65.4 (SD 19.6) in the
regorafenib group and 65.8 (SD 20.5) in the placebo group at
baseline, and 55.5 (SD 20.4) and 57.3 (SD 21.6), respectively,
at the end of treatment. These results suggest that deterioration
in patients’ quality of life and health status was the same in both
the regorafenib and placebo groups.*

Discussion

Innovations in the management of mCRC, with the use of
new chemotherapeutic agents and targeted therapies, have
doubled median OS from 12 months to almost 24 months.
It is now clear that several different subtypes of CRC exist,
defined by the acquisition of specific different genetic
abnormalities that drive the cell transformation. However,
currently, there are limited treatment options in the third-
line setting for patients with mCRC, as a large proportion
of patients exhaust all treatment options in earlier lines of
therapy. This is particularly relevant for patients with muta-
tions in the KRAS gene who are nonresponsive to anti-EGFR
treatments, which are commonly used agents in later lines
of therapy. The results of the CORRECT trial confirm that
regorafenib is associated with significant improvements in
OS, the trial’s primary endpoint, PFS, and disease control
rate. Based on these results, regorafenib is the first small-
molecule tyrosine kinase inhibitor with approval by the US

Food and Drug Administration in CRC. It is an unexpected
triumph against the backdrop of high-profile failures of
small-molecule tyrosine kinases in CRC that failed in
Phase III first-line studies. Treatment with regorafenib
improved significantly OS in advanced colorectal cancer
patients (HR=0.77), indicating a reduction of probability
to die of cancer of about 23%, and 51% of patients treated
with regorafenib did not progress. The benefit provided was
evident in all the subgroups of patients, including those
patients with tumors harboring mutations in the KRAS gene,
providing a further tool in the management of this group
of patients. Furthermore, regorafenib was demonstrated
to be active in a group of patients already pretreated with
bevacizumab (although patients were not required to be
bevacizumab-refractory). However, although the treatment
was not associated with detrimental effects on quality of life,
treatment-related toxic events (mainly fatigue and hand-foot
skin reaction) occurred in 93% of patients receiving rego-
rafenib compared with 61% of patients assigned to receive
placebo, and 54% of patients in the regorafenib group had
grade 3 or 4 toxic effects (versus 14% with placebo).

The results from the CORRECT trial are opening new
avenues in the scenario of the management of mCRC. In light of
the reported toxic effects, it is necessary, at this point, to identify
subgroups of patients, based on molecular markers, who may
experience significantly better survival times on regorafenib and
are likely to benefit from it the most. In such patients, the OS
benefit might be not only statistically significant but also clini-
cally compelling and sufficiently persuasive to justify routine
use of regorafenib given the reported side effects.
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