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(QTcF) and Bazett (QTcB). LVEF was assessed by multi-
gated acquisition scanning.
Results  Fifty-three patients were enrolled, and all 
received at least one dose of regorafenib 160 mg. Twenty-
five patients received regorafenib for 21 days without dose 
reduction. The mean change from baseline in QTcF at tmax 
was (−)2  ms (90  %  CI −8, 3). No patient experienced a 
change from baseline in QTcF > 60 ms, and two had QTcF 
changes between 30 and 60  ms. No patient had a QTcF 
or QTcB  >  480  ms. In 27 patients who received at least 
80  mg of regorafenib, the mean change from baseline in 
LVEF% ± SD was 1.7 ± 7.8. In 14 patients without a dose 
reduction, the mean change from baseline in LVEF% was 
(−)0.1 ± 8.6 at Cycle 2, Day 21. Four patients experienced 
a LVEF decrease between 10 and 20 %.
Conclusion  The effects of regorafenib on the QT/QTc 
interval and LVEF were modest and unlikely to be of clini-
cal significance in the setting of advanced cancer therapy.

Keywords  Regorafenib · Cardiovascular profile · QT/
QTc interval · Left ventricular ejection fraction (LVEF)

Introduction

Regorafenib is a small molecule inhibitor of a number of 
protein kinases, including those involved in tumor angio-
genesis (VEGFR-1, VEGFR-2 and VEGFR-3, TIE2), onco-
genesis (KIT, RET, RAF1, BRAF, BRAFV600E) and main-
tenance of the tumor microenvironment (PDGFR, FGFR) 
[1]. This drug has a similar chemical structure to sorafenib, 
with the substitution of a hydrogen atom and a fourth fluo-
rine atom in the central aromatic ring [2, 3]. As a result, 
in preclinical studies, regorafenib appears to be pharmaco-
logically more potent [1].

Abstract 
Purpose  To characterize the cardiovascular safety profile 
of regorafenib in patients with advanced cancer.
Methods  Patients received regorafenib 160  mg/day for 
21 days followed by a 7-day break. The primary endpoint 
was the change from baseline in QTcF at the regorafenib 
tmax (Day 21, Cycle 1 or 2) and changes in left ventricular 
ejection fraction (LVEF) from baseline on Cycle 2, Day 21. 
Secondary objectives were pharmacokinetics, safety, anti-
tumor activity and effects on electrocardiogram intervals. 
QT intervals were corrected using the methods of Fridericia 
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The US Food and Drug Administration (FDA) and other 
regulatory agencies have indicated that an evaluation of the 
QT/QTc interval is required for all new molecular entities 
(International Conference on Harmonization) [4]. Preclini-
cal and phase I/II trials of regorafenib have shown no sig-
nificant cardiovascular toxicity [5, 6]. However, none of 
these trials were specifically designed to evaluate cardio-
vascular safety. Therefore, this trial was conducted to eval-
uate the effects of multiple doses of regorafenib on cardiac 
function, specifically the QT/QTc interval and left ventric-
ular ejection fraction (LVEF).

Materials and methods

Trial design

This prospective, multicenter open-label trial was designed 
to evaluate the cardiovascular safety of regorafenib by 
assessing the effect on the QT/QTc interval and LVEF. 
Secondary objectives were to evaluate the pharmaco- 
kinetics, safety and anti-tumor activity of regorafenib in 
patients with advanced solid tumors. Another second-
ary objective was to evaluate the effect of regorafenib on 
ECG intervals other than QT/QTc, including QRS and 
PR. Regorafenib was administered at a dose of 160  mg 
once daily for the first 21 days followed by a 7-day break 
in each 28-day cycle until the occurrence of disease pro-
gression or toxicity requiring discontinuation of drug, con-
sent withdrawal, or death. In the event toxicities required 
dose reductions, the pre-defined adjusted dose levels were 
120 mg and 80 mg.

Toxicities were graded using the National Cancer Insti-
tute (NCI) Common Terminology Criteria for Adverse 
Events (CTCAE) version 4.0. Tumor response to therapy 
was evaluated as a secondary endpoint using Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1. 
Evaluation of tumor response was performed at baseline 
and within the last 7 days of Cycle 2. Following Cycle 2,  
tumor response was evaluated every three cycles (last 
7 days of Cycles 5, 8, and so on) and at the end of treat-
ment visit.

The trial protocol was approved by the institutional 
review boards at all the participating centers, and all patients 
gave written informed consent prior to entering the trial. The 
study was conducted according to good clinical practice and 
the Declaration of Helsinki and its amendments. The trial 
was registered at www.ClinicalTrials.gov as NCT01339104.

Patient population

Patients who were at least 18 years of age and had his-
tologically or cytologically confirmed solid tumors with 

measurable disease or non-measurable disease according 
to RECIST 1.1 were eligible for this trial. All patients 
were required to have an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, adequate 
hematological (hemoglobin ≥  9  g/dL, absolute neutro-
phil count ≥1500/mm3), renal [serum creatinine ≤1.5 
times upper limit normal (ULN)] and hepatic (bilirubin 
≤1.5 times ULN, alkaline phosphatase ≤4 times ULN, 
INR ≤ 1.5 ULN) function, and have a life expectancy of 
at least 3 months. The LVEF was required to be ≥50 % 
at the baseline multigated acquisition (MUGA) scan, 
and the QTc interval was to be ≤470  ms at screening. 
Patients with a history of cardiac disease, including con-
gestive heart failure >NYHA class II, active coronary 
disease, myocardial infarction within the past 6 months, 
or concomitant QT prolonging drugs and type 1A or 3 
antiarrhythmics, were excluded from the study. Other 
exclusion criteria included any ventricular tachyarrhyth-
mia, long QT syndrome, required use of a pacemaker, 
atrial fibrillation, left bundle branch block, uncontrolled 
hypertension (diastolic BP  ≥  90  mmHg or systolic 
BP ≥ 140), dehydration of NCI-CTCAE grade >1, active 
clinically serious infection, symptomatic brain metas-
tases or meningeal brain tumor, and any condition that 
was unstable or could have jeopardized the safety or 
compliance of the subject in the study. Patients treated 
with prior anthracyclines or any other anticancer therapy 
within 4 weeks, prior to the first dose of study drug, were 
also excluded.

Pharmacodynamic evaluation

The primary pharmacodynamic ECG variable was the 
change in QT/QTc at the tmax of regorafenib on Day 21 of 
Cycle 1 or Cycle 2 from the average of the six baseline QT/
QTc intervals from ECGs collected pre-dose on Cycle 1, 
Day (−)1 and corrected for heart rate using the method of 
Fridericia (QTcF). Secondary analysis included the change 
in QT/QTc at the tmax of regorafenib corrected using 
Bazett’s formula (QTcB). For the secondary analysis, the 
effects of the metabolites of regorafenib on QT/QTc were 
analyzed in the same manner. Measurements of the LVEF 
during regorafenib treatment by MUGA scanning were 
taken at baseline (within 7 days prior to Cycle 1, Day 1)  
and on Cycle 2, Day 21. From Cycle 3 onwards, LVEF 
assessments were done every three cycles starting at Cycle 5  
(last 7  days of Cycles 5, 8, and so on) and at the end of 
treatment visit.

Pharmacokinetic evaluation

Blood samples (5 mL) for the determination of plasma con-
centration of regorafenib were collected on Cycle 1, Day 21  
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over 24  h post-dose. The following pharmacokinetic 
parameters were calculated for regorafenib and its major 
human metabolites M-2 and M-5: AUC (0–tlast)ss was the 
area under the plasma concentration versus time curve 
from time zero to the last sample time (tlast) at steady state, 
where tlast was at approximately 24 h on Day 21, Cycle 1 
or Cycle 2; Cmax,ss was the maximum plasma concentration 
at steady state, Day 21, Cycle 1 or Cycle 2; and tmax,ss was 
the time to maximum concentration at steady state, Day 21, 
Cycle 1 or Cycle 2.

Statistical methods

Quantitative pharmacodynamic data were analyzed by 
descriptive statistics using the arithmetic mean, standard 
deviation, median, minimum and maximum. Qualitative 
data are presented in frequency tables.

The pharmacodynamic effect of regorafenib on ECG 
parameters was analyzed assuming a normal distribution of 
the data. For the primary analysis, the individual QTcF at 
the tmax of regorafenib on Cycle 1, Day 21 was subtracted 
from the average of six baseline QTcF intervals from the 
ECGs collected pre-dose on Cycle 1, Day 1, and 90 % con-
fidence intervals (CIs) were calculated.

For the secondary analysis, the effects of the metabolites 
of regorafenib were analyzed in the same manner. For the 
analysis of time-matched changes from baseline adjusted 
for differences at 0  h, a linear regression was performed 
and 90 % CIs were derived. In a further exploratory analy-
sis, the average and the mean of all post-dose QTc inter-
vals were subtracted from the mean of the baseline QTc 
intervals. In addition, all analyses were done for other ECG 
parameters such as the QRS and PR intervals and using 
Bazett’s method for heart rate correction.

Frequencies were calculated in subgroups defined 
according to whether the change from baseline in QT and 
QTc intervals was ≤30, >30–60 or >60 ms and whether the 
absolute QT and QTc values were ≤450, >450–480, >480–
500 and >500 ms.

The pharmacodynamic effect of regorafenib on LVEF 
was analyzed assuming normally distributed data (90  % 
CIs for the change from baseline in the LVEF on Cycle 2, 
Day 21). Pharmacokinetic data are presented for patients 
who received 160 mg regorafenib daily with no dose inter-
ruptions or modifications. Geometric mean concentra-
tions were calculated for each of the sampling points. For 
pharmacokinetic parameters, the geometric mean, percent  
coefficient of variation, median and range are presented.

For the analysis of time-matched change from baseline, 
an ANCOVA (analysis of covariance) was performed and 
90 % CIs were derived.

Results

Fifty-three patients with advanced cancer were enrolled, 
and all received at least one dose of regorafenib 160 mg. 
The clinical characteristics of these patients are given in 
Table 1. There were 27 females and 26 males, and the mean 
age [standard deviation (SD)] was 59.8 (9.2) years.

Pharmacodynamic evaluation

QT/QTc

Thirty patients were evaluable for ECG analysis and a total 
of 25 received 160 mg of regorafenib for 21 days without 
dose modification prior to the post-treatment ECG evalua-
tions on Day 21 of Cycle 1 or Cycle 2.

Table 2 displays the results for the 25 patients without 
dose modification for the QTcF, QTcB, and uncorrected 
QT intervals at baseline and at the tmax of regorafenib and 
the changes from baseline at tmax. Mean changes from base-
line QTcF and QTcB at tmax were (−)2 ms (90 % CI −8, 3) 
and (−)4 ms (90 % CI −10, 1), respectively.

A sensitivity analysis of the primary endpoint was per-
formed in the 30 patients with valid Holter ECG assess-
ments. Twenty-nine of these 30 patients were included in 
the pharmacokinetic analysis (one patient was excluded 
because 4 tablets were returned from the Cycle 1 allot-
ment of 84 tablets). Following one cycle of regorafenib, 
mean changes from baseline of (−)2 ms (90 % CI −6, 3) 
and (−)3 ms (90 % CI −8, 2) at the regorafenib tmax were 
observed for QTcF and QTcB, respectively. The outcome 
was similar in patients valid for Holter ECG assessments 
who did not have dose modifications.

Secondary QT/QTc analysis

In the 25 patients valid for Holter ECG who did not have 
dose modifications and were valid for pharmacokinetic 
analysis, mean changes from baseline QTcF and QTcB at 
tmax for the M-2 metabolite were (−)3 ms (90 % CI −9, 3)  
and (−)5  ms (90  %  CI −12, 1), respectively. Mean 
changes from baseline at tmax for the M-5 metabolite were 
(−)3 ms (90 % CI −8, 3) and (−)4 ms (90 % CI −11, 2), 
respectively.

In the 29 patients valid for Holter ECG and pharmaco- 
kinetic analysis, mean changes from baseline QTcF 
and QTcB at tmax for the M-2 metabolite were (−)2  ms 
(90  %  CI −8, 4) and (−)3  ms (90  %  CI −9, 3), respec-
tively. Mean changes from baseline at tmax for the M-5 
metabolite were (−)2  ms (90  %  CI −7, 4) and (−)2  ms 
(90 % CI −8, 4), respectively.
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Maximum change in QT/QTc from baseline

Analysis of the 25 patients who did not have dose modifi-
cations and were valid for Holter ECG assessment showed 
median maximum increases from baseline QTcF and QTcB 
of 3 ms (90 % CI 0, 9) and 2 ms (90 % CI −1, 7), respec-
tively. Similar results were observed in all patients valid for 
Holter ECG assessments.

Categorical evaluation of QTc

Thirty patients with valid Holter ECG data were analyzed. 
Holter ECG evaluations were made over a 24-h period 

on Day 21 of Cycle 1 or Cycle 2, at the steady state of 
regorafenib and compared with baseline values. Changes 
in QTc were divided into three subclasses: ≤30, >30–60, 
>60 ms.

No patient showed a change in QTcF of >60  ms. The 
maximum increase from baseline in QTcF was 57 ms (from 
a baseline of 396  ms) at 2  h post-dose. Two patients had 
changes in QTcF from baseline in the >30–60 ms range.

No patient experienced a change in QTcB from baseline 
of >60 ms. The maximum change in QTcB from baseline 
was an increase of 55 ms (from a baseline of 418 ms) at 2 h 
post-dose. Two patients had changes in QTcB from base-
line in the >30–60 ms range.

Table 1   Clinical and demographic data of patients evaluable for safety (n = 53)

Characteristics Patients evaluable  
for safety (n = 53)

Patients valid for Holter ECG moni- 
toring and without dose reductions  
(n = 25)

Patients valid for LVEF assessment 
without dose reductions (n = 15)

Sex, n (%)

 Male 26 (49) 14 (56) 10 (67)

 Female 27 (51) 11 (44) 5 (33)

Mean age, years (SD) 59.8 (9.2) 61.9 (8.1) 62.3 (8.9)

Ethnicity, n (%)

 White 50 (94) 24 (96) 15 (100)

 Black 2 (4) 1 (4) 0

 American Indian 1 (2) 0 0

ECOG performance status, n (%)

 0 24 (45) 11 (44) 8 (53)

 1 29 (55) 14 (56) 7 (47)

Tumor type, n (%)

 Colorectal 10 (19) 3 (12) 4 (27)

 Gastric 8 (15) 2 (8) 2 (13)

 Ovarian 5 (9) 2 (8) 1 (7)

 Pancreatic 4 (8) 3 (12) 1 (7)

 Non-small cell lung 3 (6) 2 (8) 0

 Other 23 (43) 13 (52) 7 (47)

Table 2   Change from baseline in QT/QTc at tmax of regorafenib after at least one cycle of therapy (patients valid for Holter ECG evaluation 
without dose modifications and PK analysis, n = 25)

CI confidence interval, ECG electrocardiogram, Min minimum, Max maximum, SD standard deviation, QTcF Fridericia-corrected QT interval, 
QTcB Bazett-corrected QT interval, QT uncorrected QT interval

ECG interval Statistic Value at time point (ms) Change from baseline at tmax (ms)

Baseline tmax (90 % CI)

QTcF (n = 25) Mean (±SD) 419 (±19) 417 (±21) −2 (±15) (−8, 3)

Median (min, max) 420 (355, 444) 417 (368, 462) −5 (−28, 28)

QTcB (n = 25) Mean (±SD) 435 (±17) 430 (±23) −4 (±16) (−10, 1)

Median (min, max) 437 (398, 462) 426 (391, 480) −6 (−30, 34)

QT (n = 25) Mean (±SD) 391 (±33) 392 (±36) 1 (±24) (−7, 10)

Median (min, max) 402 (282, 430) 388 (310, 459) 1 (−49, 52)
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Three patients had changes in uncorrected QTc from 
baseline of >60 ms. The maximum increase was a 76 ms 
change from a baseline value of 403 ms at 5 h post-dose.

None of the patients had a baseline QTcF > 450 ms, and 
none had a QTcF evaluation of >480 ms during the Holter 
post-ECG monitoring visit. Five patients had absolute 
QTcF evaluations of >450 ms. Five patients had an absolute 
baseline QTcB between 450 and 480 ms, but none had an 
absolute baseline QTcB > 480 ms during the post-treatment  
Holter ECG monitoring visit. Ten patients had absolute 
QTcB evaluations between 450 and 480 ms.

Additional ECG parameters

Changes in the QRS interval were evaluated in the 25 
patients who had no dose modifications and in 24 patients 
for the PR interval (baseline not evaluable). The mean 
change from baseline at the tmax of regorafenib in patients 
with no dose modification showed small decreases in the 
QRS interval (−1  ms) and in the PR interval (−4  ms). 
Similar results were observed in the 30 patients valid for 
Holter ECG analysis, with no change in the QRS inter-
val and (−)4 ms change in the PR interval. The maximum 
changes from baseline in QRS and PR were evaluated 
over the 24-h measurement period, where the baseline 
QRS and PR were calculated as the average of the base-
line values of the ECGs recorded over 24 h on Cycle 1, 
Day −1. Median maximum changes from baseline were 
4 ms for the QRS interval and 7 ms for the PR interval. 
Similar results were observed for 30 patients evaluable 
for Holter ECG analysis, with median maximum changes 
from baseline of 4 ms for the QRS interval and 8 ms for 
the PR interval.

LVEF

Fifteen patients had two full cycles of regorafenib at the 
160  mg dose level without dose reductions prior to the 
post-treatment evaluation. In general, there was almost 
no change from baseline in LVEF% in the first 2 cycles 
and only minor variations after additional cycles (Online 
Resource 1). The mean change (±SD) from baseline in 
LVEF% at Cycle 2, Day 21 was (−)0.1 ± 8.6 in 14 patients 
(n = 1 had no measurement at Cycle 2, Day 21) (Table 3). 
The individual changes from baseline in LVEF% at Cycle 2,  
Day 21 for all patients evaluable for LVEF analysis who 
did not have a dose reduction are shown in Fig. 1.

All patients evaluable for LVEF analysis with baseline 
and any post-treatment LVEF data and who were on a mini-
mum of 80 mg of the drug were also evaluated (n = 27). 
The mean change from baseline (±SD) to any first post-
baseline measurement (any time after the first dose of 
regorafenib) was 1.7 ±  7.8 LVEF% in these 27 patients, 
whereas the mean change in LVEF% from baseline to the 
Cycle 2, Day 21 visit was 1.4 ± 8.4 (n = 22). The mean 
LVEF remained essentially steady after subsequent cycles 
of regorafenib (i.e., after Cycle 2, Day 21), with the mean 
change from baseline ranging from (−)3.5 ± 5.8 LVEF% 
to 4.7 ± 5.5 LVEF% through the Cycle 20, Day 1 assess-
ment (Online Resource 2). After 4 cycles of therapy, the 
mean LVEF change was (−)2.4 ± 6.6 (n = 20). Long-term 
data collected at Cycle 20, Day 1 revealed a mean LVEF 
change of 4.7 ± 5.5 (n = 3). At the end of the study period, 
the mean change from baseline was 1.0  ±  8.0 LVEF% 
(n = 14).

Of all subjects valid for the safety analysis who had a 
post-baseline LVEF value (n = 41), 4 (9 %) had an increase 

Table 3   Mean left ventricular ejection fraction (LVEF) and change from baseline by visit (patients valid for LVEF analysis without dose reduc-
tions, n = 15)

C cycle, D day, LVEF left ventricular ejection fraction, Min minimum, Max maximum, SD standard deviation
a  Change from baseline calculated for each subject who had a baseline and post-baseline MUGA scan
b  First post-baseline assessment that occurred at any time after the first cycle of regorafenib, including beyond Cycle 2
c  Actual LVEF evaluation conducted during the last 7 days of the cycle, per protocol
d  Includes all patients valid for LVEF without dose reductions who completed the end of treatment visit

Visit n Value at visit (%) Change from baselinea (LVEF%)

Mean (±SD) Median (min, max) Mean (±SD) Median (min, max)

Baseline 15 63.8 (±7.1) 63 (50, 75) – –

First postb 15 63.3 (±7.1) 66 (48, 76) −0.5 (±8.4) 1 (−13, 17)

C2, D21 14 63.9 (±7.0) 67 (48, 76) −0.1 (±8.6) 1 (−13, 17)

C5, D1c 5 63.4 (±8.7) 69 (52, 71) −3.0 (±5.4) −1 (−11, 2)

C8, D1c 4 68.0 (±6.5) 68 (61, 76) 3.3 (±4.1) 4 (−2, 8)

C11, D1c 4 60.8 (±5.7) 61 (55, 67) −2.3 (±8.1) −2 (−12, 7)

C17, D1c 3 69.0 (±5.0) 69 (64, 74) 5.0 (±2.6) 6 (2, 7)

End of studyd 8 64.1 (±8.7) 67 (48, 76) 3.0 (±8.3) 3 (−6, 16)
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in LVEF  >  10  %. Four patients experienced an LVEF 
decrease between 10 and 20 %. For two of these patients, 
LVEF was measured as <50 % during the trial. The LVEF 
normalized subsequently during ongoing therapy with 
regorafenib without dose reductions in two patients. In the 
other two patients, the observed decrease in LVEF could 
be explained by either the onset of atrial fibrillation or ini-
tiation of clonidine therapy. Furthermore, one additional 
patient had a baseline LVEF of 54 %, which decreased to 
48  % on Day 21 of Cycle 2 (which was also the end of 
treatment visit).

Pharmacokinetic evaluation

The pharmacokinetic parameters of regorafenib, and the 
major metabolites M-2 and M-5, were calculated in the 

subset of patients who received 160 mg daily with no dose 
modifications (n = 25). The data for patients treated with 
160 mg are given in Table 4.

AUC (0–tlast)ss was analyzed, but not AUC (0–24) as the 
half-life could not be calculated accurately in this study, 
and therefore, any extrapolation could lead to errors in 
the estimation of AUC (0–24). For all subjects, the time 
deviations of the last sampling point (tlast) were not greater 
than 1 h at the 24-h time point. Therefore, AUC (0–tlast)ss 
closely approximates AUC (0–24)ss. The variability in PK 
parameters was higher for the M-2 and M-5 metabolites 
compared with regorafenib, as displayed in Table  4. The 
mean AUC (0–tlast)ss and mean Cmax,ss of regorafenib were 
slightly greater than the corresponding values for both 
metabolites, although the maximal AUC and Cmax values 
for individual patients were seen with the metabolites, 

Fig. 1   Individual changes from 
baseline in LVEF% at Cycle 2,  
Day 21 in 14 of 15 patients 
valid for LVEF analysis without 
dose reductions. One patient did 
not have an LVEF measurement 
on Cycle 2, Day 21

A
bs

ol
ut

e 
ch

an
ge

 fr
om

 b
as

el
in

e 
LV

E
F 

(%
) t

o 
C

yc
le

 2
, D

ay
 2

1

20

15

10

5

0

-5

-10

-15

-20

P
at

ie
nt

 1

P
at

ie
nt

 2

P
at

ie
nt

 3

P
at

ie
nt

 4

P
at

ie
nt

 5

P
at

ie
nt

 6

P
at

ie
nt

 7

P
at

ie
nt

 8

P
at

ie
nt

 1

P
at

ie
nt

 2

P
at

ie
nt

 3

P
at

ie
nt

 4

P
at

ie
nt

 5

P
at

ie
nt

 6

P
at

ie
nt

 9

P
at

ie
nt

 1
0

P
at

ie
nt

 1
1

P
at

ie
nt

 1
2

P
at

ie
nt

 1
3

P
at

ie
nt

 1
4

P
at

ie
nt

 7

P
at

ie
nt

 8

Table 4   Pharmacokinetic parameters of regorafenib and its M-2 and M-5 metabolites in plasma on Cycle 1, Day 21 for evaluable patients 
treated with 160 mg regorafenib daily (patients valid for Holter ECG without dose modification and PK analysis, n = 25)

AUC (0−tlast)ss = area under the curve from time 0 to the last data point at steady state (approximately 24 h); Cmax,ss = maximum concentration 
at steady state; tmax,ss = time to reach maximum concentration at steady state
a  Only minimum, median, and maximum values provided

Parameter n Geometric mean (%CV) Minimum Median Maximum

Regorafenib

 AUC (0–tlast)ss [mg·h/L] 24 53.8 (46.5) 28.8 53.8 129

 Cmax,ss [mg/L] 3.99 (34.3) 2.02 4.20 7.15

 tmax,ss
a [h] 0 3.17 24.1

M-2

 AUC (0–tlast)ss [mg·h/L] 24 45.5 (73.3) 14.0 46.7 139

 Cmax,ss [mg/L] 3.21 (62.1) 1.11 3.90 7.82

 tmax,ss
a [h] 0 3.00 24.1

M-5

 AUC (0–tlast)ss [mg·h/L] 24 34.3 (154) 3.42 48.7 166

 Cmax,ss [mg/L] 2.42 (136) 0.221 3.48 9.55

 tmax,ss
a [h] 0 2.00 25.2
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reflecting the high PK variability associated with both M-2 
and M-5.

The mean concentration–time profile for regorafenib and 
its metabolites showed the highest concentration occurring 
at time zero with a secondary peak for regorafenib and M-2 
at 3–5  h post-dose and steadily increasing concentrations 
for M-5 (Fig.  2). The ranges of individual AUC (0–tlast)ss 
and Cmax values for regorafenib and its metabolites in 
steady state were wide, as observed in other studies. More 
variability was observed for the M-2 and M-5 metabolites, 
than for regorafenib.

Safety

The overall mean (±SD) time on regorafenib therapy 
(including dose interruptions) was 127 (±125) days with a 
median treatment of 92 days (range 1–490) for the 53 sub-
jects valid for safety analysis.

The most common treatment-emergent drug-related 
adverse events (all grades) were as follows: mucosi-
tis (n  =  21, 39.6  %), hand–foot skin reaction (n  =  18, 
34.0 %), diarrhea and fatigue (n = 17, 32.1 %, each), ano-
rexia (n =  14, 26.4  %), hypertension (n =  12, 22.6  %), 
hoarseness and nausea (n = 9 each, 17.0 %) and pain in an 
extremity (n = 8, 15.1 %).

The most common treatment-emergent drug-related 
grade ≥3 adverse events occurring in ≥2 patients were 
as follows: hand–foot skin reaction, hypophosphatemia, 
hypertension (n = 5 each, 9.4 %); diarrhea, hyponatremia 
(n = 3 each, 5.7 %); hyperbilirubinemia and hypokalemia 
(n = 2 each, 3.8 %). There were 36 patients (67.9 %) who 
had a treatment modification due to treatment-emergent 
adverse events, including dose interruptions (n  =  31, 

58.5 %), dose reductions (n = 16, 30.2 %) and permanent 
discontinuation (n = 10, 18.9 %). The most frequent treat-
ment-emergent adverse events that led to dose interruption 
were hand–foot syndrome (n = 9, 17.0 %), diarrhea (n = 5, 
9.4  %), hyponatremia and hypertension (n  =  4 each, 
7.5 %), atrial fibrillation, hyperbilirubinemia and vomiting 
(n =  3 each, 5.7 %). The most frequent treatment-related 
adverse events that led to dose reduction were hand–foot 
syndrome (n = 6, 11.3 %), fatigue, anorexia, hypertension 
and diarrhea (n = 2 each, 3.8 %). The most frequent treat-
ment-emergent adverse event leading to permanent discon-
tinuation of regorafenib was hyperbilirubinemia (n  =  2, 
3.8 %).

A total of 24 patients (45.3 %) experienced at least one 
treatment-emergent serious adverse event, and in four of 
these patients (7.5  %) the events were study drug-related 
(n  =  1 grade 3 diarrhea; n  =  1 grade 5 small intestine 
perforation; hyperbilirubinemia, n = 1 grade 2 and n = 1 
grade 3). There were no episodes of Torsades de Pointes, 
sudden death, ventricular fibrillation, ventricular flutter, 
syncope or seizure during the trial. Seven patients (13.2 %) 
died within 30 days of treatment discontinuation. The cause 
of death was reported as progressive disease in six patients 
(11.3 %) and an adverse event associated with clinical pro-
gression in the other patient.

Efficacy

Forty-five patients were evaluable for efficacy, with 
four patients (8.9  %) achieving a partial response and 30 
(66.7 %) stable disease. Seven patients (15.6 %) had pro-
gressive disease.

Discussion

A number of studies have reported cardiac adverse events 
associated with tyrosine kinase inhibitors with angiogenic 
targets, particularly sunitinib. These cardiac events have 
included QT/QTc interval prolongation, decrease in LVEF, 
hypertension, myocardial infarction and congestive cardiac 
failure [7–12]. A cardiovascular safety trial of the multi- 
kinase inhibitor, sorafenib, documented modest changes in 
ECG, LVEF, blood pressure and heart rate in patients with 
advanced cancer [13]. Additionally, a randomized, double-
blind, placebo-controlled trial of repeated oral doses of 
pazopanib in patients with solid tumors revealed a concen-
tration-dependent decrease in heart rate and a small concen-
tration-independent prolongation of the QTcF interval [14]. 
A recent trial-level meta-analysis of 6548 patients treated 
within randomized phase II and III trials comparing arms 
with and without a FDA-approved VEGFR TKI reported 
that these can be associated with QTc prolongation albeit 
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Fig. 2   Mean plasma concentration–time profile for regorafenib and 
metabolites M-2 and M-5 on Cycle 1, Day 21 for patients receiving 
160  mg regorafenib daily in patients valid for Holter ECG without 
dose modification and pharmacokinetic analysis (n = 25)
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of low clinical significance [15]. Notably, regorafenib was 
not included in this analysis because QTc prolongation was 
not listed as an adverse event in any of the trials.

Our trial was specifically designed to evaluate the cardio- 
vascular effects of regorafenib in a population of patients 
with advanced cancer. Overall, the effects of regorafenib on 
the cardiovascular parameters of QTc interval and LVEF 
observed in the current trial were modest and unlikely to 
be of clinical significance in the setting of advanced cancer 
treatment.
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