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BACKGROUND: In a phase I dose-escalation study, regorafenib demonstrated tolerability and antitumour activity in solid tumour
patients. The study was expanded to focus on patients with metastatic colorectal cancer (CRC).
METHODS: Patients received oral regorafenib 60–220mg daily (160mg daily in the extension cohort) in cycles of 21 days on, 7 days off
treatment. Assessments included toxicity, response, pharmacokinetics and pharmacodynamics.
RESULTS: Thirty-eight patients with heavily pretreated CRC (median 4 prior lines of therapy, range 0–7) were enrolled in the
dose-escalation and extension phases; 26 patients received regorafenib 160mg daily. Median treatment duration was 53 days
(range 7–280 days). The most common treatment-related toxicities included hand–foot skin reaction, fatigue, voice change and rash.
Twenty-seven patients were evaluable for response: 1 achieved partial response and 19 had stable disease. Median progression-free
survival was 107 days (95% CI, 66–161). At steady state, regorafenib and its active metabolites had similar systemic exposure.
Pharmacodynamic assessment indicated decreased tumour perfusion in most patients.
CONCLUSION: Regorafenib showed tolerability and antitumour activity in patients with metastatic CRC. This expanded-cohort phase I
study provided the foundation for further clinical trials of regorafenib in this patient population.
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Globally, colorectal cancer (CRC) is the fourth most common
cancer in men and the third most common cancer in women
(Parkin et al, 2005). Despite effective screening, 20–25% of patients
with CRC present with advanced, unresectable disease and are
treated primarily with palliative systemic therapy (Hamilton and
Grem, 1998).
5-Fluorouracil (5-FU)-based chemotherapy has long been the

mainstay of systemic therapy for advanced or metastatic
CRC (Cercek and Saltz, 2010). For first-line treatment,
current guidelines recommend folinic acidþ 5-FUþ oxaliplatin
(FOLFOX) or folinic acidþ 5-FUþ irinotecan (FOLFIRI) in
combination with a targeted monoclonal antibody (bevacizumab,
cetuximab or panitumumab; National Comprehensive Cancer
Network, 2011). The use of the anti-epidermal growth
factor receptor (EGFR) antibodies cetuximab and panitumumab
is not recommended for patients whose tumours harbour
KRAS mutations. There is no standard therapy after failure of
all these therapies, and new effective treatment options are
urgently needed.
Regorafenib (BAY 73-4506; Bayer Pharma AG, Berlin, Germany)

is an orally active, potent multi-kinase inhibitor that targets a

broad range of angiogenic, stromal and oncogenic kinases,
including vascular endothelial growth factor (VEGF) receptors 1,
2 and 3, tyrosine kinase with immunoglobulin and epidermal
growth factor homology domain 2 (TIE-2), platelet-derived
growth factor receptor-b, c-kit, ret, raf-1 and BRAF (both wild-
type and the V600E mutant; Wilhelm et al, 2011). In preclinical
studies, regorafenib demonstrated antitumour activity in a
broad spectrum of xenograft models, including CRC (Wilhelm
et al, 2011).
A first-in-human, open-label, non-randomised, phase I dose-

escalation study in patients with advanced solid tumours
demonstrated that single-agent regorafenib was well tolerated up
to the recommended phase II dose of 160mg once daily, given in
cycles of 21 days on, 7 days off. Preliminary activity was observed
in patients with CRC (Mross et al, 2012). This study was expanded
to further evaluate regorafenib (160mg once daily) in patients with
advanced or metastatic CRC.

PATIENTS AND METHODS

The study took place at three specialist cancer centres in Germany
between July 2005 and June 2009. The protocol was approved by
the independent ethics committee at each study centre. Before
enrolment, all patients had to provide written, informed consent to
participate. The study met all local legal and regulatory require-
ments and followed the Declaration of Helsinki.
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Patients

In the dose-escalation phase of the study, patients with advanced,
histologically or cytologically confirmed solid tumours (including
CRC), non-Hodgkin’s lymphoma or multiple myeloma were
eligible. An additional extension cohort was planned, to focus on
patients with cancer types that were considered to be promising
targets for regorafenib, based on experience gained in the dose-
escalation phase. In the event, CRC was identified as the tumour
type of most interest for further analysis; thus the extension phase
included patients with advanced, histologically confirmed CRC.
Patients had to be aged at least 18 years and have an Eastern

Cooperative Oncology Group performance status of 0–2, life
expectancy of at least 12 weeks, and adequate bone marrow,
liver and renal function. Key exclusion criteria included a history
of cardiac disease, congestive heart failure (New York Heart
Association classes II–IV), uncontrolled hypertension, human
immunodeficiency virus infection, active hepatitis B or C virus
infection or other active clinically serious infections (grade 42
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTC-AE) v3.0).
The participants had to have malignancies that were

refractory to standard treatment or for which no standard
therapy was available; in addition, patients could be included if a
standard treatment was available but the patient had refused it.
During the study, patients did not receive any other anticancer
therapy.

Dosing and administration

In the initial dose-escalation phase, patients received once daily
oral doses of regorafenib ranging from 60 to 220mg in repeating
28-day cycles of 21 days on treatment, 7 days off treatment. In the
extension cohort, patients received regorafenib 160mg orally once
daily (21 days on, 7 days off treatment).
Treatment continued until tumour progression, occurrence of

unacceptable toxicity or withdrawal of consent. Interruptions in
dosing or dose reductions were permitted if a patient experienced
an adverse event that was considered to be related to the study
medication and was at least grade 3 in severity, according to NCI
CTC-AE v3.0. Individual patients could not have their dose
increased.

Assessments

A pre-study examination was performed within 14 days before the
first treatment dose. A complete end-of-treatment assessment
was performed within 14 days of ending regorafenib treatment.
Other assessments were undertaken as described below.
Safety evaluations included physical examinations, electrocar-

diogram, standard laboratory tests and measurement of vital signs.
Adverse events were assessed according to NCI CTC-AE v3.0.
Patients were reviewed for evidence of cumulative toxicity from
repeated cycles of treatment. A follow-up visit was made 30±4
days after the last administration of regorafenib to collect
information on ongoing toxicities or significant adverse events.
Any adverse events that occurred within 30 days of the last dose of
study medication were followed until resolution.
Tumour response and progression were evaluated using

Response Evaluation Criteria in Solid Tumors (RECIST) v1.1
(Eisenhauer et al, 2009). All lesions were measured using X-ray,
magnetic resonance imaging (MRI) or computed tomography at
baseline, and were assessed and reported at the end of every
second treatment cycle beginning at baseline, unless progression
was noted.
Progression-free survival (PFS) was measured as the number of

days from start of treatment to progression, death before
progression (patient not censored) or last tumour evaluation at

which the patient was known to have not progressed (patient
censored). The Kaplan–Meier product-limit estimate of PFS was
derived for all patients and for those with KRAS-mutated or
wild-type tumours.
KRAS mutations were analysed using archival tumour or plasma

samples. Using the QIAamp DNA Micro Kit (Qiagen, Crawley,
UK), DNA was isolated from formalin-fixed, paraffin-embedded
tissue sections of archival tumour biopsies collected at diagnosis,
and mutational analysis was performed by Sequenom, Inc.
(San Diego, CA, USA) using OncoCarta v1.0, which examines
238 mutational ‘hotspots’ in 19 different cancer-related genes.
Plasma samples collected at baseline or during the study were
analysed for mutations using the BEAMing technology (Inostics
GmbH, Hamburg, Germany; Dressman et al, 2003).
Plasma concentrations of regorafenib and its pharmacologically

active metabolites M2 (N-oxide metabolite; BAY 75–7495) and M5
(N-oxide/N-desmethyl metabolite; BAY 81–8752) were measured
in blood samples collected on days 1 and 21 of cycle 1 (dose-
escalation cohort) and day 21 of cycles 1 and 2 (extension cohort).
Analyte concentrations were determined by high-performance
liquid chromatography with tandem mass spectrometric detection,
with a lower quantification limit of 2 mg l–1. Analyses were
performed in accordance with the Food and Drug Administration
guidelines on bioanalytical validation (Food and Drug
Administration, 2001). Pharmacokinetic parameters were calcu-
lated using standard non-compartmental methods (WinNonlin
Version 4.1; Pharsight Corporation, Mountain View, CA, USA) and
summarised as geometric mean and geometric coefficient of
variation (CV). Point estimators (least square means) and two-
sided 90% confidence intervals for area under the concentration–
time curve from 0 to 24 h (AUC0–24) and maximum concentration
(Cmax) ratios (cycle 2:cycle 1 in extension cohort) were calculated
using an analysis of variance model.
Tumour-perfusion properties were measured using dynamic

contrast-enhanced (DCE) MRI at screening, on days 2 and 21 of
cycle 1, on day 21 of cycles 2–4, on day 21 of every second cycle
thereafter, and at the final visit. The area under the contrast agent
concentration–time curve during the first 60 s after arrival of the
contrast agent (iAUC60) was used as the DCE-MRI endpoint
(Mross et al, 2009). The association between DCE-MRI endpoint
and PFS was investigated by censored data linear rank statistics
based on the Wilcoxon scores using the DCE-MRI endpoint as
covariate.

RESULTS

Results are presented for all 38 patients with metastatic CRC who
were enrolled in this phase I study during the dose-escalation
(n¼ 15) and extension (n¼ 23) phases. Patient demographic
and baseline characteristics are shown in Table 1. Patients had
previously received a median of 4 lines (range 0–7) of systemic
therapy for metastatic disease, including oxaliplatin, irinotecan,
bevacizumab and anti-EGFR antibodies; one patient with no prior
treatment had refused to receive any systemic treatment before
enrolling in this study. Twenty-eight patients had received
regimens containing both oxaliplatin and irinotecan.
Table 2 shows the number of patients receiving regorafenib at

each dose level and the duration of treatment. Reasons for
discontinuation of regorafenib were progressive disease (n¼ 19;
50%), consent withdrawal (n¼ 5; 13%), treatment-related adverse
events (n¼ 11; 29%) and non-treatment-related adverse events
(n¼ 3; 8%).

Safety

Treatment-emergent, drug-related adverse events were reported in
32 (84%) of the 38 patients with CRC (Table 3). All treatment-
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related adverse events were grade 3 or lower, except one case of
clinically asymptomatic grade 4 thrombocytopenia. No grade 5
adverse events were reported. Dose reduction or interruption of
regorafenib was necessary in 25 patients (66%). The most common
adverse event leading to dose reduction was hand–foot skin
reaction. Overall, regorafenib was permanently discontinued in 11
patients (29%) due to a treatment-related adverse event. Among
the 25 patients treated at the 160mg dose level, 6 patients
permanently discontinued regorafenib due to treatment-related
adverse events (hand–foot skin reaction n¼ 1; hypertension n¼ 1;
fatigue n¼ 1; fatigue and other constitutional symptoms n¼ 1;
thrombocytopenia n¼ 1; duodenal ulcer n¼ 1).

Efficacy

Eleven patients were not evaluable for tumour response for the
following reasons: discontinuation of treatment due to adverse

events before the first tumour assessment at the end of cycle 2
(n¼ 8); consent withdrawal before the tumour assessment at the
end of cycle 2 (n¼ 1); diagnosis of brain metastasis 1 day after the
start of treatment (n¼ 1); and missing tumour assessment (n¼ 1).
As a result, 27 patients were evaluable for response. Best responses
included a confirmed partial response in one patient (4%) and
stable disease in 19 patients (70%), giving a disease control rate
(partial response or stable disease lasting for at least 2 months) of
74%. Seven patients (26%) had progressive disease as best
response. Patients achieving partial response or stable disease
had received previous treatment with cetuximab or panitumumab
(45%), bevacizumab (45%), oxaliplatin (85%) or irinotecan (80%).
The maximum percentage change in tumour size from baseline for
each patient is shown in Figure 1. Tumour shrinkage (of any
percentage at any time during the study) was observed in 13
patients.
Median PFS was 107 days (95% CI, 66–161). At data cutoff, 13

patients had PFS of 4100 days (Figure 2).

KRAS mutation analysis

KRAS mutations were found in 19 of 37 patients with tumour or
plasma samples; 18 patients had wild-type KRAS and 1 had no
available sample (see Figure 2). The Kaplan–Meier analysis shows
no clear difference in PFS between KRAS wild-type and mutant
group, even though median PFS was 84 days in the mutant group
and 161 days in the wild-type group. The data from this
exploratory mutational analysis performed in this relatively small
number of subjects with a relatively high number of censored data
indicate that the presence of a KRAS mutation does not preclude
regorafenib activity.

Pharmacokinetic assessments

Plasma concentration–time profiles at steady state (day 21 of
cycles 1 and 2) of regorafenib and its metabolites M2 and M5 are

Table 1 Patient demographics and baseline disease characteristics

Characteristics Patients (n¼ 38)

Sex, n (%)
Male 21 (55)
Female 17 (45)

Median (range) age, years 64 (36–85)

Ethnicity, n (%)
Caucasian 37 (97)
Asian 1 (3)

ECOG performance status, n (%)
0 18 (47)
1 18 (47)
2 2 (5)

Previous treatment, n (%)
Surgery 38 (100)
Radiotherapy 11 (29)
Systemic therapy 37 (97)
Oxaliplatin 32 (84)
Irinotecan 32 (84)
Bevacizumab 20 (53)
Anti-EGFR antibody (cetuximab or panitumumab) 20 (53)

Median previous chemotherapy regimens, n (range) 4 (0–7)

Metastatic sites at screening, n (%)
1–2 26 (68)
X3 12 (32)

Abbreviations: ECOG¼ Eastern Cooperative Oncology Group; EGFR¼ epidermal
growth factor receptor.

Table 2 Dose levels and treatment duration of regorafenib

Regorafenib
administration

Dose level

60mga 120mga 160mgb 220mgb Overall

Colorectal cancer
patients, n

1 4 26 7 38

Median (range) treatment
duration, days

49 46
(7–129)

49
(8–280)

106
(56–219)

53
(7–280)

aPatients at 60 and 120mg received regorafenib as solution. bPatients at 160 and
220mg received regorafenib as tablets with a bioavailability of 70% (20mg tablet) to
83% (100mg tablet) of the solution.

Table 3 Treatment-emergent drug-related adverse events affecting at
least 10% of patients at any grade or resulting in treatment discontinuation

Patients experiencing
an adverse event, n (%)

All grades Grade X3a

All events 34 (84) 22 (58)

By CTC-AE category
Dermatological adverse eventsb 26 (68) 13 (34)
Hand–foot skin reaction 23 (61) 12 (32)
Dry skin 7 (18) 0
Rash, desquamation 11 (29) 2 (5)
Alopecia 4 (11) 0

Fatigue 19 (50) 4 (11)
Voice changes 13 (34) 1 (3)
Anorexia 9 (24) 0
Diarrhoea 9 (24) 1 (3)
Hypertension 7 (18) 4 (11)
Oral mucositis 7 (18) 0
Pain (muscle) 7 (18) 0
Dry mouth 6 (16) 1 (3)
Weight loss 5 (13) 0
Auditory, ear 4 (11) 0
Thrombocytopenia 4 (11) 1 (3)

Abbreviation: CTC-AE¼Common Terminology Criteria Adverse Event. aAll grade 3,
except one patient with grade 4 thrombocytopenia. bAny event in National Cancer
Institute Common Terminology CTC-AE class.

Regorafenib in colorectal cancer (phase I)

D Strumberg et al

1724

British Journal of Cancer (2012) 106(11), 1722 – 1727 & 2012 Cancer Research UK

C
lin

ic
a
l
S
tu
d
ie
s



shown in Figure 3. The difference between Cmax and minimum
concentration (Cmin) within the dosing interval of 24 h was small,
with mean Cmax:Cmin ratios of B2–3 for both regorafenib and M2,
and B1.5 for M5. Steady-state pharmacokinetic profiles demon-
strated similar mean systemic exposure of regorafenib and its
metabolites. Ratios for cycle 2:cycle 1 are shown in Table 4.
AUC0–24 and Cmax at steady state showed pronounced variability
between patients, with inter-individual CV of B60–90% for
regorafenib and M2, and 4100% for M5. The intra-individual
CVs for Cmax and AUC0–24 (n¼ 14) were 32–34% for regorafenib,
37–46% for M2 and 52–63% for M5 (see Table 4). Intra-individual
variability was therefore markedly reduced compared with inter-
individual variability. At the 160mg dose, plasma exposure at
steady state (AUC0–24, geometric mean) of the metabolites M2
(48mg h l–1) and M5 (65–79mgh l–1) was similar to, or slightly

greater than, that of regorafenib (45–50mgh l–1). The terminal
half-life of M2 (25 h) was comparable to that of regorafenib
(26–28 h), although the elimination of M5 was slower, with an
estimated half-life of 51–64 h.

Pharmacodynamic assessments

Tumour perfusion in representative lesions was measured by DCE-
MRI and the iAUC60 data are shown in Figure 4. The median ratio
to baseline was 0.803 (range 0.367–1.799,n¼ 26) on day 2 of cycle
1, 0.661 (range 0.129–1.143, n¼ 22) on day 21 of cycle 1 and 0.507
(range 0.031–1.53, n¼ 20) on day 21 of cycle 2. There was no
apparent association between iAUC60 (natural logarithm of ratio to
baseline) and PFS (P¼ 0.74).

DISCUSSION

The current study evaluated regorafenib in 38 patients with heavily
pretreated, advanced or metastatic CRC. Regorafenib was well
tolerated in this study. The most common treatment-related
adverse events included hand–foot skin reactions, fatigue, voice
changes, anorexia and diarrhoea. In general, adverse events were
manageable in an outpatient setting with dose reduction or
interruption. These findings are consistent with the safety profile
observed in patients with other solid tumours (Mross et al,
2012) and with results from a phase II study of regorafenib in
patients with untreated metastatic or unresectable renal cell
carcinoma (Eisen et al, 2011).
In this study, regorafenib demonstrated clinical efficacy in

patients with metastatic CRC. According to RECIST, a disease
control rate of 74% was achieved (4% partial response, 70% stable
disease). Such activity is encouraging, given that, with one
exception (a patient who had refused chemotherapy), these
patients had been heavily pretreated: the vast majority of patients
had failed standard therapies containing 5-FU, oxaliplatin and
irinotecan; approximately half of the patients had also received
either anti-VEGF or anti-EGFR agents (including some patients
who appear to have received anti-EGFR therapy despite having
KRAS-mutant tumours—possibly at a time when the importance
of KRAS status was not as universally understood as it is now).
Best supportive care or participation in a clinical trial is usually
recommended in this setting (Cercek and Saltz, 2010; National
Comprehensive Cancer Network, 2011). Although only one
confirmed partial response was observed in this study, most
patients achieved disease stabilisation, which has been shown to be
clinically meaningful (Akbulut et al, 2004; Bitossi et al, 2008; van
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Cutsem et al, 2008). One group estimated that in patients with
chemorefractory metastatic CRC receiving panitumumabB80% of
the treatment effect on PFS was due to disease stabilisation (van
Cutsem et al, 2007). Therefore, it is possible that the high disease
control rate observed with regorafenib may translate into a
survival benefit. However, it must be borne in mind that this was
primarily a dose-finding and safety study and the true survival
impact needs to be verified in large randomised controlled trials.
Angiogenesis is a validated therapeutic target for CRC.

Bevacizumab, an anti-VEGF-A antibody, in combination with
standard chemotherapy improves PFS and overall survival
compared with chemotherapy alone in metastatic CRC (Hurwitz
et al, 2004); to date, bevacizumab is the only antiangiogenic agent
approved for the treatment of CRC. Consistent with preclinical
data, pharmacodynamic assessment by DCE-MRI in the present
phase I study indicated reduced tumour perfusion after regor-
afenib treatment in a majority of patients with metastatic CRC,
suggesting that regorafenib may have antiangiogenic effects.
However, DCE-MRI has not been fully validated as a pharmaco-
dynamic marker for antiangiogenic agents. In this study, no
apparent correlation was observed between DCE-MRI change and
PFS. Given the broad kinase inhibitory spectrum of regorafenib,
inhibition of other, non-angiogenic kinases may have contributed
to the reported clinical activity. Further investigations are required

to fully elucidate the mechanism of action of regorafenib
(angiogenic and non-angiogenic) in CRC.
Mutation in the KRAS gene is a well established biomarker in

CRC that clearly predicts lack of activity with the anti-EGFR agents
cetuximab and panitumumab (Cercek and Saltz, 2010; National
Comprehensive Cancer Network, 2011). An exploratory mutational
analysis was undertaken in the present study to investigate
whether KRAS status might have an impact on response to
regorafenib. Kaplan–Meier analysis showed no statistically sig-
nificant difference in PFS between patients with KRAS wild-type
and mutant tumours. However, the small number of patients (with
a relatively high number of censored data) resulted in wide
confidence intervals. Thus, no firm conclusions can be drawn
about the impact of KRAS status on response to regorafenib
therapy from the present study. Further investigations in larger
patient populations are needed to provide more conclusive
answers to this question.
Systemic exposures of regorafenib and its active metabolites M2

and M5 at steady state demonstrated markedly lower intra-individual
than inter-individual variability. Compared with the parent drug, M2
and M5 had similar or slightly greater systemic exposure, and similar
or slower elimination. In preclinical in vitro and xenograft studies,
M2 and M5 have been shown to be pharmacologically active, with
efficacies similar to the parent compound (Zopf et al, 2010).
Therefore, the M2 and M5 metabolites of regorafenib are likely to
contribute to clinical activity.
In conclusion, regorafenib 160mg orally once daily in cycles of

21 days on, 7 days off treatment was tolerable, had a manageable
adverse event profile and demonstrated clinical activity in heavily
pretreated patients with metastatic CRC. As a result of the
outcomes from this study, it was deemed appropriate to consider
CRC as a focus for further investigation of regorafenib, including a
randomised, double-blind, placebo-controlled, phase III study of
best supportive care plus either regorafenib or placebo in patients
with metastatic CRC, who have progressed after standard therapy
(the CORRECT study; ClinicalTrials.gov identifier: NCT01103323).
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