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of regorafenib in combination with cetuximab in patients
with advanced solid tumors

Colin Weekes ©?, A. Craig Lockhart?, James ). Lee?, Isrid Sturm*, Adriaan Cleton®, Funan Huang ©° and Heinz-Josef Lenz &7

Djvision of Hematology/Oncology, Massachusetts General Hospital, Boston, MA

2Department of Medicine, University of Miami/Sylvester Comprehensive Cancer Center, Miami, FL

3Division of Hematology-Oncology, Department of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, PA
“Translational Medicine Oncology, Bayer AG, Berlin, Germany

®Clinical Pharmacology Oncology, Bayer AG, Berlin, Germany

SClinical Pharmacology Oncology, Bayer HealthCare Pharmaceuticals, Whippany, NJ

"Division of Medical Oncology, University of Southern California/Norris Comprehensive Center, Los Angeles, CA

Regorafenib 160 mg orally once daily (QD) 3 weeks on/1 week off is approved in colorectal cancer, gastrointestinal stromal
tumors and hepatocellular carcinoma. We established the safety and pharmacokinetics (PK) of regorafenib combined with
cetuximab in advanced refractory solid tumors. This was a phase 1, open-label, dose-escalation study (NCT01973868) in
patients with advanced/metastatic solid tumors who progressed after standard therapy. Regorafenib was administered at
various dose levels QD continuously or intermittently (3 weeks on/1 week off) combined with intravenous cetuximab

250 mg/m? weekly. The primary objectives were safety, PK and maximum tolerated dose (MTD). The secondary objective was
tumor response. Dose-limiting toxicities (DLTs) were evaluated in Cycle 1. Of 42 treated patients, 31 received regorafenib
intermittently (120 mg, n = 8; 160 mg, n = 23) and 11 continuously (60 mg, n = 5; 100 mg, n = 6) plus cetuximab. The
continuous arm was terminated due to low tolerable dose. In the intermittent arm, one DLT (grade 3 hand—foot skin reaction)
was observed at 120 mg but none at 160 mg, therefore 160 mg/day was declared as the MTD in combination with cetuximab.
The most common all-grade treatment-emergent adverse events were fatigue (52%), hypophosphatemia (48%) and diarrhea
(40%). One grade 3 cetuximab-related dermatitis acneiform was observed. No clinically relevant drug—drug interactions were
observed. Five patients (21%) had a partial response. Regorafenib 160 mg QD (3 weeks on/1 week off) plus standard dose of
cetuximab was well tolerated with no unexpected toxicities and promising signs of efficacy.

Introduction and epidermal growth factor receptor (EGFR), as well as their
Constitutive or increased activity of receptor tyrosine kinases, downstream signaling pathways, play an important role in cancer
including vascular endothelial growth factor receptor (VEGFR)  pathogenesis." Although targeting these kinase-signaling pathways

Key words: regorafenib, cetuximab, metastatic colorectal cancer, phase 1

Abbreviations: AE: adverse event; AUC: area under the plasma concentration-time curve; Cy,.x: maximum observed drug concentration;
CV: geometric coefficient of variation; DLT: dose-limiting toxicity; EGFR: epidermal growth factor receptor; HFSR: hand-foot skin reaction;
IV: intravenous; mCRC: metastatic colorectal cancer; MTD: maximum tolerated dose; PK: pharmacokinetics; PR: partial response;
QD: once daily; TEAE: treatment-emergent adverse event; VEGFR: vascular endothelial growth factor receptor.
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Cancer treatment approaches frequently target protein kinases active in cancer cells, but resistance development limits long-
term success. In this phase 1b study, the authors combined two kinase inhibitors, regorafenib (oral) and cetuximab
(intravenous), to overcome intrinsic and acquired resistance in epidermal growth factor receptor-sensitive and -resistant
tumors. The combination was well tolerated with no unexpected toxicities and promising initial signals of efficacy at the
approved doses of both drugs in patients with advanced solid tumors.

have demonstrated therapeutic benefit in solid tumors, drug resis-
tance leading to disease relapse can occur, highlighting the need
for multitargeted treatment options that can overcome or delay
resistance.

Regorafenib is an oral multikinase inhibitor shown in preclini-
cal studies to target VEGFRI-3, platelet-derived growth factor
receptors, RAF, TIE2 and other kinases involved in angiogenesis,
proliferation, the tumor microenvironment, metastasis and tumor
immunity.>* The efficacy and safety of regorafenib has been dem-
onstrated in randomized, placebo-controlled, phase 3 trials in
patients with metastatic colorectal cancer (mCRC) refractory to
standard therapies, advanced gastrointestinal stromal tumors
refractory to standard therapies and hepatocellular carcinoma
(HCC) previously treated with sorafenib, which formed the basis
for its regulatory approval as a single agent in these indications.*”
A consistent safety profile was observed across these studies, with
hand-foot skin reaction (HESR), hypertension, fatigue and diar-
rhea among the most common treatment-emergent adverse events
(TEAEs). The approved dose for single-agent regorafenib across
indications is 160 mg once daily (QD) on an intermittent schedule
of 3 weeks on followed by 1 week off therapy to comprise a cycle of
4 weeks.*> The dose was derived from a phase 1 dose-escalation
study in patients with advanced solid tumors,'® while a continuous
dosing schedule evaluated in a parallel, phase 1 study, which
established 100 mg regorafenib QD as the maximum tolerated
dose (MTD), was not taken forward in clinical development.11

Cetuximab is an anti-EGFR monoclonal antibody indicated
(400 mg/m” loading dose followed by 250 mg/m* weekly infu-
sion) as a single agent or in combination for the treatment of
patients with EGFR-expressing, KRAS wild-type mCRC and
those with squamous cell carcinoma of the head and neck.'*"?
The most common adverse reactions associated with cetuximab
include cutaneous adverse reactions (including rash, pruritus
and nail changes), headache, diarrhea and infection. Preclinical
models have demonstrated that the combination of regorafenib
and cetuximab may overcome intrinsic and acquired resistance
in EGFR-sensitive and EGFR-resistant tumors, and may provide
an improved clinical benefit over either drug alone in certain
tumor types.'* Furthermore, in vivo preclinical data have
demonstrated decreased angiogenesis and increased tumor and
endothelial cell apoptosis with combined inhibition of VEGF
and EGFR." In a recently published phase 1 study of regorafenib
plus cetuximab in patients with metastatic cancer refractory to
standard therapies, regorafenib 80 mg QD plus cetuximab
200 mg/m” loading dose, followed by cetuximab 150 mg/m*

every week, was determined as the MTD and demonstrated pre-
liminary activity in mCRC.'®

In this phase 1, dose-finding study, we aimed to establish the
safety and pharmacokinetics (PK) of regorafenib (continuous and
intermittent dosing) in combination with the standard dose of
cetuximab in patients with advanced solid tumors.

Materials and Methods

Patient population

Patients >18 years of age with a histologically or cytologically
confirmed locally advanced or metastatic solid tumors who were
unsuitable for, or no longer responding to standard therapy, or
for whom regorafenib or cetuximab was considered as a standard
treatment, were eligible for inclusion. Other key inclusion criteria
included an Eastern Cooperative Oncology Group performance
status of 0 or 1, no KRAS mutation in patients with mCRC, a life
expectancy of >3 months and adequate bone marrow (platelet
>100,000/mm”, absolute neutrophil count >1,000/mm?), liver
(aspartate aminotransferase <2.5 X upper limit of normal) and
renal function (creatinine clearance >30 ml/min). Patients were
excluded if they had received prior treatment with regorafenib;
previously discontinued cetuximab due to toxicity or intolerance;
had known metastatic brain or meningeal tumors; a history of
organ allograft or cardiac disease; or were diagnosed with human
immunodeficiency virus or active hepatitis B/C. Further exclusion
criteria included major surgery within 4 weeks of start of study
treatment; a nonhealing wound, ulcer, or bone fracture; uncon-
trolled hypertension or significant acute gastrointestinal disorders
with diarrhea as a major symptom,; arterial or venous thrombotic
or embolic events; and pregnancy or breastfeeding. In addition,
other anticancer treatments were not permitted during the study.

Study design and treatment

This was an open-label, dose-escalation, phase 1b study of
regorafenib in combination with cetuximab conducted at four
sites in the USA (NCT01973868; Supporting Information Fig. S1).
The primary objectives were to determine the safety, tolerability
and MTD of regorafenib in combination with cetuximab, and to
characterize the PK of this combination. The secondary objective
was the preliminary evaluation of tumor response for this combi-
nation. All patients provided written informed consent before
any study procedure. The trial was approved by each center’s
ethics committee or institutional review board and complied with
Good Clinical Practice guidelines, the Declaration of Helsinki
and applicable local laws.
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Before the start of combination treatment (run-in period),
patients received a single dose of regorafenib at the assigned dose
level on Day —14 (£2 days) for PK evaluation only, followed by a
loading dose of intravenous (IV) cetuximab 400 mg/m® on
Day —7. The single regorafenib dose on Day —14 was later
removed from the study. In the combination period, regorafenib
was administered at various dose levels QD intermittently
(3 weeks on/1 week off) or continuously in combination with a
standard dose of IV cetuximab 250 mg/m” weekly in a cycle of
4 weeks. After one cycle with a starting dose of regorafenib
120 mg intermittently, the decision to escalate or reduce the
regorafenib dose was determined by the investigator based on
toxicity/tolerability. In the intermittent arm (3 weeks on/1 week
off), if tolerable, regorafenib was escalated to 160 mg QD plus
cetuximab; if not tolerable, regorafenib was reduced to 80 mg QD
plus cetuximab. In the continuous arm, if tolerable at the starting
dose level of regorafenib 120 mg intermittently plus cetuximab,
regorafenib was started at 100 mg QD continuously in a
4-week cycle plus cetuximabs; if not tolerable at regorafenib 120 mg
intermittently or 100 mg continuously, regorafenib was reduced to
60 mg QD continuously plus cetuximab. The continuous treat-
ment arm was prematurely terminated in the study. Patients could
continue therapy until tumor progression, unacceptable toxicity,
consent withdrawal or withdrawal from the study.

Determination of the MTD was based on the conventional
3 + 3 study design, with three patients per dose level, and up to
three additional patients enrolled at the same dose level if one dose-
limiting toxicity (DLT) occurred; if two DLT's occurred in up to six
patients, the dose would be declared not tolerable. If no DLT
occurred, the dose was escalated in the next cohort of three patients.
The MTD was determined as the highest dose at which no more
than one out of the six treated patients experienced a DLT.

Assessments

Patients valid for DLT assessment were defined as those who com-
pleted Cycle 1 and received at least 80% of the planned dose. DLTs,
evaluated in Cycle 1, were regarded by the investigator and/or
sponsor to be causally related to the study drug combination,
according to hematologic and nonhematologic criteria. Hemato-
logic criteria were absolute neutrophil count <500/mm’ for
>7 days, grade 4 febrile neutropenia, platelet count <25,000/mm’
and grade 3 hemorrhage associated with thrombocytopenia of
grade >3. Nonhematologic criteria were nonhematologic grade
3 or 4 toxicity, except for grade 3 electrolyte imbalances without
clinical symptoms, grade 3 liver function test recovered within
7 days, grade 3 hypertension recovered within 7 days with anti-
hypertensive therapy, grade 3 infusion reaction controlled within
24 hr, gastrointestinal toxicity responsive to antiemetics and grade
3 vasovagal reaction. Adverse events (AEs) were recorded from the
time written informed consent was provided for study participa-
tion. AEs were classified in accordance with the Medical Dictio-
nary for Regulatory Activities (MedDRA) version 20.0 and graded
using the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE) version 4.03. Drug

Regorafenib and cetuximab in solid tumors

safety was assessed continuously throughout the study, including a
30-day follow-up period after the last study drug administration.

Blood samples for PK assessment of regorafenib and its two
active metabolites M-2 and M-5 were collected predose and at
2, 4, 8 and 24 hr postdose on Day —14 and Days 1 and 15 of
Cycle 1. Blood samples for PK assessment of cetuximab were col-
lected preinfusion, at the end of infusion (approximately 1 hr
after start of infusion) and at 4, 6, 10 and 26 hr postinfusion on
Days 1 and 15 of Cycle 1. Primary PK parameters included area
under the plasma concentration-time curve (AUC) and maxi-
mum observed drug concentration (Ci,ay)-

Tumor response was evaluated based on investigator-assessed
Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 at
baseline and in the last week of Cycle 2.

Statistical analysis

All analyses were descriptive in nature. All patients who received at
least one dose of study drug were included in the safety analysis;
those who also had postbaseline efficacy data or adequate samples
were included in the efficacy and PK analyses, respectively.

Results
Of the 66 patients assessed for eligibility (study start November
21, 2013 to last patient last visit February 2, 2018), 42 patients
received study treatment. A total of 31 patients received regorafenib
intermittently plus cetuximab (regorafenib 120 mg, n = 8; 160 mg,
n=23) and 11 patients received regorafenib continuously plus
cetuximab (regorafenib 60 mg, n = 5; 100 mg, n = 6).
Demographics and baseline patient characteristics are shown
for each cohort in Table 1. Overall, the median age was 60 years
(range: 23-79), and the most common cancers were colorectal
cancer (CRC; n=10; 24%) and pancreatic adenocarcinoma
(n=7; 17%). All 42 patients had received prior systemic anti-
cancer therapy and 22 (52%) had received prior radiotherapy.
Regorafenib was administered for a median of two cycles
(range: 0-19) over a median treatment duration of 49 days (range:
0-539); cetuximab was administered for a median of two cycles
(range: 0-19) over a treatment duration of 8 weeks (range: 0-76;
Table 3). Reasons for discontinuation were radiologic disease
progression (n = 22; 52%), withdrawal of consent (n =7; 17%),
clinical disease progression (1 = 5; 12%), AE associated with clinical
disease progression (n =3, 7%), AE not associated with clinical
disease progression (n = 3; 7%), death (n = 1; 2%) and other (lost
to follow up; n = 1; 2%).

Maximum tolerated dose

In the continuous arm, four out of six treated patients were
evaluable for DLT at regorafenib 100 mg plus standard
cetuximab dose, and two DLTs were reported in two patients
(grade 3 hoarseness and fatal liver failure). The regorafenib dose
was reduced to 60 mg continuously, and three out of five treated
patients were evaluable without DLTs. This arm was terminated
because a higher regorafenib dose was tolerable in the intermit-
tent arm for the combination.
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s e ‘é? grade 3 HFSR was reported in seven evaluable patients and no
< ‘O
@ g8 = DLT was reported at the regorafenib 160 mg dose (Table 2).
~ o
T g S 2 5 Therefore, the MTD was declared at 160 mg regorafenib taken
g \j: E‘ ° :L:’ g’ fE g orally QD for 3 weeks on followed by 1 week off therapy to
S c
Bl B N €5 5 comprise a cycle of 4 weeks (standard approved monotherapy
2 = § S dose for regorafenib) plus the standard approved monotherapy
S g §§ 8 dose of cetuximab (initial 400 mg/m® followed by 250 mg/m*
e = s= ©
S 3 ET = weekly).
on + = +—
@S a® 3
- < —g_ ©
= E @ 3 Safety
ga_|& E3 =
< E’E‘ gl S) = ® § s £ All 42 patients were evaluable for safety analyses and 98% of
g 8! E S: ° f E’ Se £ patients experienced at least one TEAE (Table 3). The most
EwE|m N T T e @ common all-grade TEAEs were fatigue (52%), hypophosphatemia
© X © . . .
2. 5% > (48%) and diarrhea (40%; Supporting Information Table S1). The
3 g o ] most common regorafenib-related TEAEs were hypophosphatemia
o— © O
o % ES (38%), fatigue (29%) and diarrhea (24%), while the most common
Sz sS4 gu
o3 58 @ cetuximab-related TEAEs were dermatitis acneiform (31%), diar-
- c 2 = .
c é I § 8 e rhea (29%) and fatigue (29%). The most common grade >3 drug-
"‘é 2o J g a®lk g = related TEAEs were hypophosphatemia (24%), fatigue, and lipase
son|ls ° Le25 B increase (both 10%) for regorafenib and hypophosphatemia (7%),
29 = = - |z 2 g ypophosp.
E-S|n 2L o diarrhea, fatigue, hypertension and gamma-glutamyltransferase
s v = . .
= a ®TE B increase (5% each) for cetuximab (Table 4). Skin and subcutaneous
S e 2 . £ tissue disorders related to regorafenib were reported in 18 patients
== ° o
g :é, ® § £ (43%), of which HFSR was the most common, occurring in seven
3 =t § patients (17%), one of which was grade 3. A case of grade 3 drug
(7] Q2 O . . . .
83 — T9o & eruption was also reported. Skin and subcutaneous tissue disorders
o ~ = Sg5 T P P
= 2wua|Y g 5|8 © related to cetuximab were reported in 24 patients (57%). Of those
=) § €0 | Jd S} © O E - >
;g sgl % i ° ::’ ‘:’ ERY é dermatitis acneiform was reported in 13 patients (31%), of which
S o
o _ S 55 = five (12%) were grade 2 and one was grade 3 (2%). One grade >3
P o £ o @ gr gr gr
o Sl a SL = cetuximab-related pruritus was reported. The other skin-related
= L= 2= P P
A =S| 8 e g toxicities attributed to cetuximab were grade 1 and 2, with the most
] g "a £ = < o gr
= ol 5% 8 £ frequent being rash (n = 8, 19%), dry skin (n = 6, 14%), drug erup-
g > g g ?'é:’ g S tion (n = 3, 7%), pruritus (n = 3, 7%) and skin fissures (n = 2, 5%).
[%2]
e vl 38 o 55 5§ Overall, TEAEs leading to dose modification were reported for
5] AR < —_ °g 3 g p
) 2| 2wy S 3 § § oS ; < 22 patients (52%; 16 due to regorafenib-related TEAEs and six
E= = = NN ° 2 . .
'ﬁ <| g E e - ~ gvn 8 2 & due to cetuximab-related TEAEs; Table 3). Overall, TEAEs leading
> N 1 © . . . . .
L g% o £3 = & to discontinuation were reported in five patients (12%): two due
] S o T g a P P
= ) <S5 £ & to regorafenib-related TEAEs (acute liver failure and disseminated
g n o) dE 8 % :
o o & ES ©® § intravascular coagulation in one patient, and upper gastrointesti-
@] = = 5§ S ¢ p pper §
5 = S § © nal hemorrhage and vomiting in the other patient), one due to a
= (2] = —
b £ S i -‘?’ 2 cetuximab-related TEAE (infusion-related reaction) and two not
£ g - = § g g related to treatment (urosepsis and sepsis, each n = 1).
>
o b & °s £ z During the run-in period from Day —14 up to Day 1, 18 patients
£ o S s £ g P y p y p
T e £ E] S S = (43%) reported at least one TEAE, of which four (10%) were con-
3 fg o S < 8 o sidered related to regorafenib and eight (19%) related to cetuximab.
o
-r% = G % g £ Four patients (10%) experienced grade >3 TEAEs (hypertension
= =) ‘
3 € € § EREE! g = n = 2, hyponatremia n = 1 and hematemesis n = 1), none of which
?’u' 3 = g P ED.E s were considered drug related. One patient experienced a serious
gﬂ § 2 g %é § g % 2 TEAE (hematemesis) which was considered unrelated to study
a S
g £@ g 2rst2s drugs.
2 e S 2 22388 All patients with valid laboratory data (n = 39) experienced
o A e - Y
2 T =22z > =z|2s5258¢8 hematologic and biochemical abnormalities during the study period,
-] é’ S = S EScT o (e g Y Pp
i < < L2eT3I2 the most common of which were grade 1 leukocytosis (100%) and

Int. ). Cancer: 145, 2450-2458 (2019) © 2019 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf
of UICC



Weekes et al.

Table 2. Summary of DLTs
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Continuous regorafenib
60 mg plus cetuximab

Continuous regorafenib
100 mg plus cetuximab

Intermittent regorafenib
160 mg plus cetuximab  Total

Intermittent regorafenib
120 mg plus cetuximab

(n=5) (n=6) (n=8) (n=23) (n=42)
Patients evaluable 3 4 7 13 27
for DLT, n
DLT observed, n 0 2 1 0 3

Event details -
Fatal liver failure

Grade 3 hoarseness;

Grade 3 HFSR - -

*Patients valid for DLT assessment were defined as those who completed Cycle 1 and received at least 80% of the planned doses; includes escalation

and expansion cohorts.
Abbreviations: DLT, dose-limiting toxicity; HFSR, hand—foot skin reaction.

Table 3. Overview of treatment duration and TEAEs during the combination treatment phase

Continuous Continuous Intermittent Intermittent
regorafenib regorafenib regorafenib regorafenib
60 mg plus 100 mg plus 120 mg plus 160 mg plus
cetuximab cetuximab cetuximab cetuximab Total
(n=5) (n=6) (n=8) (n=23) (n = 42)
Treatment duration, median (range)
Regorafenib, days 70 (1-139) 28 (1-70) 63 (32-539) 35 (0-277) 49 (0-539)
Cetuximab, weeks 9.0 (0-19) 4.5 (0-9) 9.0 (4-76) 6.0 (1-39) 8.0 (0-76)
Any TEAE, n (%) 5 (100) 6 (100) 8 (100) 22 (96) 41 (98)
Grade 3 or 4 3 (60) 4 (67) 8 (100) 17 (74) 32 (76)
Grade 23 5 (100) 6 (100) 8 (100) 19 (83) 38 (90)
Grade 5 2 (40) 2 (33)! 0 209 6 (14)
Serious 5 (100) 3 (50) 4 (50) 15 (65) 27 (64)
Leading to dose modification 3 (60) 2 (33) 7 (88) 10 (44) 22 (52)
Leading to treatment discontinuation 0 2 (33) 0 3(13) 5(12)

TEAEs reported in the run-in period are reported in the manuscript text.
10ne death was assessed as related to regorafenib (acute hepatic failure).
Abbreviation: TEAE, treatment-emergent adverse event.

grade 1-3 anemia (85%). Other laboratory abnormalities included
hypomagnesemia (44%), hyponatremia (54%), hypocalcemia (64%)
and hypokalemia (49%). Hypophosphatemia was the most
common grade 3 biochemical abnormality (36%; Supporting
Information Table S2). The grade 4 laboratory abnormalities
were decreased lymphocyte count (n =2), increased AST,
increased lipase and decreased platelet count (each n=1). A
worsening by three grades was reported for hypophosphatemia
(n = 14), lipase increased (n = 4), lymphocyte count decreased
(n = 3), blood bilirubin increased (n = 2), alanine aminotransfer-
ase increased, gamma-glutamyltransferase increased, hyperglyce-
mia, hypokalemia and hypomagnesemia (each n=1). A
worsening by four grades was reported for lipase increased and
platelet count decreased (each n = 1).

Pharmacokinetics

PK parameters were evaluated for regorafenib and its metabolites
M-2 and M-5 after single dose (Day —14 and Day 1 Cycle 1) and
multiple doses (Day 15 Cycle 1) of regorafenib in the absence
(Day —14) and presence (Days 1 and 15, Cycle 1) of cetuximab
(Table 5). Overall, 36 patients were evaluable for PK analyses of

Table 4. Most frequent drug-related grade =3 TEAEs during the
combination treatment phase (22 patients; safety analysis set, n = 42)

Drug-related TEAE Regorafenib Cetuximab
(by MedDRA), n (%) (n =42) (n = 42)
Hypophosphatemia 10 (24) 3 (7)
Fatigue 4 (10) 2 (5)
Lipase increased 4 (10) 1)
AST increase 2 (5) 10
Gamma-glutamyltransferase 2 (5) 2 (5)
increased

Hypertension 2 (5) 2 (5)
Hypotension 2 (5) 1)
Decreased appetite 2 (5) 10
Nausea 2 (5) 102
Diarrhea 12 2(5)

The following AEs are counted in both arms: skin reactions (rash, hand—foot
skin reaction, Stevens—Johnson syndrome), hepatobiliary disorders (increase
in liver enzyme), metabolism and nutrition disorders (hypomagnesemia,
hypocalcemia, anorexia/weight decrease), nervous system disorders (head-
ache), gastrointestinal disorders (diarrhea, nausea, vomiting) and general
disorders (mucositis, fatigue).

Abbreviations: AE, adverse event; AST, aspartate aminotransferase; MedDRA,
Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse
event.
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Table 5. Pharmacokinetic parameters of regorafenib alone (Day —14) or with cetuximab after a single regorafenib dose (Day 1);

geometric mean (%CV)

Continuous Continuous Intermittent Intermittent
regorafenib regorafenib regorafenib regorafenib
60 mg plus 100 mg plus 120 mg plus 160 mg plus
Day cetuximab cetuximab cetuximab cetuximab
Regorafenib
AUC(o-24) (mg hr/l) Day —14 (n=5) 10.8 (88.6) (n=6) 20.8 (48.8) (n=8)17.1(55.0) (n=9) 28.5 (50.5)
Cinax (mg/1) (n=5) 0.7 (103) (n=6) 1.3 (46.9) (n=28) 1.2 (71.7) (n=29) 1.9 (58.3)
Trax: (h1) (n=5) 8.0 (4.0-24.0) (n=6) 8.0 (2.0-24.0) (n=8) 4.0 2.0-7.5) (n=9)2.3(1.9-23.9)
AUC(o-24) (mg hr/l) Day 1 (n=4)10.2 (114) (n=3) 21.7 (48.5) (n=2) NC (n=5) 30.1 (23.8)
Crnax (Mg/1) (n=14)0.8(116) (n=14)1.3(98.3) (n=7)1.1(47.3) (n=09) 2.4 (44.3)
Trax (hD) (n=4) 2.9 (2.0-23.6) (n=4)7.9 2.0-24.0) (n=7)7.6(2.0-22.0) (n=29)2.0(1.9-7.5)
M-2
AUCo-iasty (Mg hr/l)  Day —14 (n=5) 2.6 (195) (n=6) 8.0 (96.1) (n=28) 4.8 (91.8) (n=29) 13.7 (85.8)
Crmax (Mg/) (n=5) 0.2 (208) (n=16) 0.5 (101) (n=8) 0.3 (100) (n=29) 0.8 (85.2)
Tax. (D) (n =5) 8.0 (4.0-24.0) (n=6) 8.0 (8.0-24.0) (n=28)7.5(2.0-24.3) (n=29)7.5(3.9-23.8)
AUC(o_tasy (Mg hr/l)  Day 1 (n=4)3.7 (223) (n=4)3.7 (158) (n=7) 2.8 (164) (n=9) 11.7 (100)
Cinax (mg/1) (n=4) 0.3 (168) (n=14)0.3 (72.1) (n=7)0.3(57.9) (n=9) 1.3 (41.2
Trax (1) (n=4) 3.9 (2.0-23.6) (n=14)7.9 (2.0-24.0) (n=7)7.6(2.0-22.0) (n=29) 4.1 (2.0-8.0)
M-5
AUC(o-tasp (Mg hr/l)  Day —14 (n=3) 0.4 (28.5) (n=5) 0.8 (146) (n=7)0.3(126) (n=8) 1.4 (214)
Cinax (mg/1) (n=5)0.01 (192) (n =6) 0.04 (221) (n=8) 0.02 (147) (n=29) 0.09 (180)
Tmax® (1) (n=5) 23.8 (7.5-24.0) (n=6) 24.0 (8.0-24.0) (n=28) 23.8 (22.6-24.5) (n=09) 23.8 (22.4-24.7)
AUC(o—iasty (Mg hr/l)  Day 1 (n=3)0.5 (214) (n=4) 0.3 (184) (n=6) 0.3 (259) (n=9) 1.3 (281)
Cinax (mg/l) (n=4)0.02(176) (n=4)0.03 (72.7) (n=6)0.03 (143) (n=9)0.14 (127)
Tmax® (h1) (n=4) 23.7 (23.5-24.5) (n=4) 23.9 (8.0-24.0) (n=6) 20.3 (7.6-23.7) (n=9) 8.0 (4.0-24.7)

IMedian (range).

Abbreviations: AUC, area under the concentration—time curve; Cax, maximum observed drug concentration; CV, coefficient of variation; NC, not calculated;
Tmax time to reach maximum concentration in plasma.

regorafenib and 33 patients for cetuximab. The single dose of higher at the 160 mg dose than at the 120 mg dose (28.5 mg hr/l

regorafenib on Day —14 was received by 28 patients. After a
single regorafenib dose (Day —14), regorafenib exposure was

Maximum change in tumor size (%)

vs. 17.1 mg hr/l, respectively) with a high intersubject variability
(geometric coefficient of variation [CV]%: 50.5 and 55.0%,

B Regorafenib continuous 60 mg + cetuximab (17 = 3)
] Regorafenib continuous 100 mg + cetuximab (7 = 3)
Regorafenib intermittent 120 mg + cetuximab (n=7)
[] Regorafenib intermittent 160 mg + cetuximab (n = 11)

Figure 1. Best overall response by maximum change in tumor size (efficacy set, n = 24). Bars that reach the reference line (30% reduction in
tumor size) meet the criterion for partial response.
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respectively; Table 5). Regorafenib exposure was comparable after
a single dose on Day —14 and in the presence of cetuximab on
Day 1 (Supporting Information Fig. S2 and Table 5). The mean
concentration-time profiles for regorafenib (160 mg QD) when
administered alone (Day —14) and in combination with a single
dose of cetuximab (Day 1) are shown in Supporting Informa-
tion Fig. S3. Regorafenib exposure increased after multiple doses
of regorafenib 160 mg and cetuximab on Day 15 (AUCo_24ymd
39.2 mg hr/l). A similar PK pattern was observed for M-2 and
M-5 (Table 5). The exposure of cetuximab (AUC_5s)) was simi-
lar across regorafenib dose levels (3,641, 3,657, 2,888 and
3,810 mg hr/l for regorafenib 60, 100, 120 and 160 mg,
respectively).

Efficacy

Of the 24 patients included in the efficacy analysis, five patients
achieved a partial response (PR; 21%), six had stable disease
(25%) and 13 had progressive disease (54%; Fig. 1). The five
patients with PR were diagnosed with anal squamous cell carci-
noma, small cell lung cancer, adenoid cystic carcinoma, HCC and
CRC. Two patients had durable (=6 months) PR: one patient with
CRC in the 160 mg dose group who responded from Cycles 10 to
20 and another in the 120 mg dose group with adenoid cystic car-
cinoma with lung metastasis who responded from Cycles 4 to 16.

Discussion

This phase 1 study evaluated the safety and tolerability of combining
regorafenib with cetuximab for the treatment of advanced solid
tumors. Both regorafenib and cetuximab have separately demon-
strated activity in various advanced tumor types with preclinical
data, suggesting possible additive clinical benefit in certain tumor
types. #5171 nitially, both continuous and intermittent dosing
schedules for regorafenib were evaluated; however, the continuous
dose was subsequently terminated due to a substantially lower toler-
able dose of 60 mg in the combination than the approved intermit-
tent 160 mg dose. No DLTs were observed at the 160 mg dose level.
Oral regorafenib 160 mg QD for 3 weeks on/1 week off in combina-
tion with the recommended dose of cetuximab was determined as
the MTD.

A recently published phase 1 combination trial by Subbiah
et al.,, of regorafenib plus cetuximab in 27 patients with advanced
cancer refractory to several lines of therapy, described a consider-
ably lower dose (regorafenib 80 mg QD plus cetuximab 200 mg/m*
loading dose, followed by cetuximab 150 mg/m* weekly) as the
MTD."® At this dose, no DLTs were observed in the 19 evaluable
patients; however, two DLTs (grade 3 thrombocytopenia in a
patient with glioblastoma and grade 3 intra-abdominal bleeding in
a patient with CRC) were reported in five evaluable patients at the
higher dose of regorafenib 120 mg QD plus cetuximab 200 mg/m*
loading dose followed by 150 mg/m* weekly. The most common
TEAEs were rash (n = 20, 74%) and fatigue (n = 7, 26%); the inci-
dence of rash was therefore considerably higher than that observed
in the intermittent arms in our study, in which just nine of
31 patients (29%) reported this TEAE. However, the incidence of
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fatigue is lower than in our study, where it was reported in 13 of
31 patients (42%) in the intermittent dosing arms. The reason for
the different MTDs reported in the two trials is not clear, but may
be partially related to variations in inclusion criteria (primary cen-
tral nervous system malignancies were excluded in the current
trial), DLT criteria and baseline disease heterogeneity.

Dermatologic toxicities have been frequently reported in clini-
cal trials of cetuximab, in particular acneiform rash which
occurred in 76-88% of 1,373 patients receiving cetuximab in the
clinical trials leading to its approval, and was classed as severe in
1-17% of these patients."> However, in the current combination
trial, only 31% of patients with acneiform dermatitis of any grade
were reported, with one grade 3. Whether this combination with
regorafenib results in a lower incidence of dermatologic toxicities
in patients receiving cetuximab is undetermined and requires
confirmation in an adequately powered trial. The effect might be
related to an immunomodulatory role of regorafenib, which has
been previously described.>** In addition, compared with data
from the phase 3 CORRECT trial in patients with metastatic
CRC, the incidence reported here for all-grade regorafenib-
related HFSR was lower (47% vs. 17%, respectively).® Notably,
although a DLT of grade 3 thrombocytopenia was reported with
regorafenib plus cetuximab in the trial by Subbiah et al,'® only
one case of grade >3 platelet count decrease was reported in our
study, which was observed in the context of fatal liver failure and
disseminated intravascular coagulation.

Cetuximab had no effect on the PK of regorafenib or its
metabolites, and there was no clinically relevant effect of
regorafenib on the PK of cetuximab. Consistent with the PK
properties of regorafenib,'’ some accumulation was observed
after multiple dosing. The combination treatment showed
promising signs of efficacy with five PRs (21%) observed, which
is higher than that reported with regorafenib alone in mCRC
(1% in CORRECT® and 4% in CONCUR®). However, interpre-
tation of efficacy should be carried out with caution because the
study enrolled a highly heterogeneous group of patients, only a
limited number of patients were evaluable for efficacy and effi-
cacy was only evaluated as a secondary objective.

In conclusion, results from our study demonstrate that
regorafenib at the MTD plus the standard dose of cetuximab
was well tolerated with no unexpected toxicities and with
promising initial signs of efficacy. In case of further develop-
ment, the recommended phase 2 dose for the combination will
be the standard dose for either drug.
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