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Background: Regorafenib is an oral multi-kinase inhibitor approved for the treatment of solid
tumours, but the pharmacokinetic profile of regorafenib in the Chinese population is unclear.
Objective: The aim of this study was to examine the pharmacokinetics, bioequivalence, and
safety of two formulations of regorafenib 40 mg in healthy Chinese volunteers under fed and
fasting conditions.
Methods: A single-centre, randomised, open-label, two-period, two-way crossover phase 1
trial was conducted by randomising a single oral dose of test (T) or reference (R, Stivarga®)
regorafenib (40 mg) to healthy Chinese volunteers under both fasting and fed conditions
(high-fat and high-calorie diet). Pharmacokinetic parameters were calculated using noncompartmental methods. Adverse events were recorded to assess drug safety.
Results: Sixty-six participants were enrolled for both fasting and fed treatments. The 90%
CIs geometric least-square means of ratioT/R for regorafenib were completely contained
within the equivalence margin of 80–125% under both fasting and fed conditions. Both
formulations displayed similar and generally good safety profiles.
Conclusion: Single oral dose of the T (40 mg) and R (40 mg) regorafenib was bioequivalent
under fasting and fed conditions and had similar favourable safety profiles among healthy
Chinese volunteers.
Keywords: regorafenib, phase 1, pharmacokinetic, bioequivalence, Chinese healthy
volunteers

Introductions

Correspondence: Renpeng Zhou; Wei Hu
Email zhourenpeng@ahmu.edu.cn;
huwei@ahmu.edu.cn

Regorafenib is an oral multi-kinase inhibitor approved for the treatment of a range
of advanced solid tumours, including refractory metastatic colorectal cancer
(mCRC),1 advanced gastrointestinal stromal tumours (GISTs),2 and unresectable
hepatocellular carcinoma (HCC).3 These tumours are the leading causes of death
globally,4 and their prevalence continues to increase in China.5 Regorafenib inhibits
tumour formation, angiogenesis, tumour microenvironment formation and metasta
sis through inhibiting a broad range of kinases and modulating immune systems.6
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Regorafenib is recommended to be taken with a low-fat
meal or a meal that contains less than 600 calories and 30%
fat.7 Compared with high-fat breakfast or fasting conditions,
regorafenib and its major pharmacologically active metabo
lites (M-2, nitrogen oxides; and M-5, nitrogen oxides and
N-demethylation) have the highest concentration after a lowfat breakfast.8,9 After a single oral dose of 160 mg (4 × 40 mg
tablets), regorafenib can reach an average peak plasma con
centration of about 2.5 mg/L in 3 to 4 hours.8,9 Regorafenib is
mainly metabolised in the liver by CYP3A4-mediated oxida
tive metabolism and UGT1A9-mediated glucuronidation.10,11
M-2 and M-5 reach similar concentrations to regorafenib at
a steady state in plasma and exhibit similar kinase inhibition
profiles and comparable potency to regorafenib.10,12
Enterohepatic circulation (EHC) is a major disposition path
way for regorafenib, where the unbound regorafenib or its
metabolites are hydrolysed by the microbial in the gastroin
testinal tract and then reabsorbed.13
A previous multicentre, single-arm, phase 1 trial suggested
that 160 mg regorafenib taken orally once daily for the first 21
days of each 28-day cycle showed acceptable tolerability and
antitumor activity in fifteen Japanese patients who had solid
tumours without undue toxicity.14 However, the pharmacoki
netics and bioequivalence of oral generic regorafenib (pro
duced by Yangzijiang and Bayer) in healthy Chinese subjects
and the effect of food on their pharmacokinetics have not yet
been investigated. Evaluation of the effect of food on the PK of
oral oncology drugs, such as regorafenib, is essential to inform
dosing in future pivotal trials.15 Usually, a single-dose, twoperiod, two-treatment, two-sequence crossover study is
recommended for food-effect bioequivalence studies.16 Thus,
the aim of this study was to examine the pharmacokinetics of
regorafenib (40 mg) tablets taken orally under fasting and fed
conditions (high-fat and high-calorie diet) in healthy Chinese
volunteers and to evaluate the bioequivalence and safety of the
two formulations, test (T) and reference (R), of regorafenib
produced by different pharmaceuticals.

Methods
Study Design
This was a single-centre, single-dose, randomized, open,
two-period, two-way cross-over phase 1 trial. This trial was
registered in the Centre for Drug Evaluation, National
Medical Products Administration (NMPA) (http://www.chi
nadrugtrials.org.cn/; CTR20201844). Ethical approval for
the trial conduct was obtained from the Ethics Committee
of the Second Affiliated Hospital of Anhui Medical
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University (Hefei, China). The study was conducted in the
Phase 1 Clinical Trial Unit, Second Affiliated Hospital of
Anhui Medical University (Hefei, China) between
10 August 2020 and 14 December 2020. The study was
conducted in full compliance with the International
Conference on Harmonisation Guidelines for Good Clinical
Practice and the ethical standards of the Declaration of
Helsinki. Written informed consent was obtained from all
subjects before enrolment.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) male or female
volunteers 18 years of age and over; (2) body mass index
(BMI) between 19.0 and 26.0 kg/m2; (3) having no fertility
plan and take effective contraceptive measures voluntarily
from 2 weeks before screening to 6 months after the last
administration of the study drug and no sperm or egg
donation plan; and (4) willing and able to provide
informed consent and willing to accept the trial require
ment. Exclusion criteria were based on medical history,
physical examination, electrocardiograms, and routine
laboratory tests (detailed in Supplementary S1).

Randomisation and Blinding
Random table was generated by the statistical unit on the
computer using SAS (version 9.4) in 1:1 block. The ran
dom table was reproducible, and the set of initial seed
parameters of the random number was saved. Subjects
were given a unique number in the order of signing the
informed consent form. The subjects were randomly
divided into two dosing sequence groups (TR or RT
group) according to the pre-made random table and
received the corresponding study drugs according to the
corresponding dosing sequence. The study was conducted
in two periods, the wash-out period of the two periods was
14 days (more than 7 terminal half-lives period). Personnel
who were responsible for sample testing were blinded to
the subject’s drug administration. Clinical investigators,
project managers, project supervisors, data management
and statistical analysis personnel were not blinded.

Drug Product and Administration
The T preparation was regorafenib tablets (40 mg, batch
number: 20032521, content: 99.0%, expiration date:
2022.02; produced by Yangzijiang Pharmaceutical Group
Co., Ltd). The R preparation was regorafenib tablets
(Stivarga®) (40 mg, batch number: BXJ8S52, content:
100.4%, expiration date: 2022.02.24) produced by Bayer
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AG. All drugs were provided by Yangzijiang Pharmaceutical
Group Co., Ltd., and sealed and stored below 25°C.
The recommended clinical dosage of this product in the
reference preparation instructions is 160 mg (4 tablets, each
containing 40 mg regorafenib).17 Considering the safety of
the drug in healthy subjects and the declared specification of
the tested preparations (40 mg), the dosage in this trial was
set at a single oral dose of 40 mg (1 tablet) per period.
This study had two parts: fasting bioequivalence trial
and fed (high-fat and high-calorie diet) bioequivalence
trial. In the fasting trial, after fasting overnight for at
least 10 hours, the subject took one tablet of the
T preparation or the R preparation under the condition of
an empty stomach, and the drug was taken with 240mL of
water without chewing. After taking the medication, the
researcher checked the subject’s mouth, hands, and medi
cine container to ensure that the medicine had been taken
correctly. Lunch was given 4 hours after the medication
taking. In the fed trial, after fasted overnight for at least 10
hours, the subjects consumed a high-fat and high-calorie
meal 30 minutes before the administration. At 30min
(±1min) from the start of mealtime, the subjects took one
tablet of T preparation or R preparation with 240mL of
water. The subjects were forbidden to drink water from 1h
before and after taking the medicine. Lunch was given 4
hours after taking the medication.

Outcomes
The primary outcomes were the pharmacokinetic parameters
of regorafenib (Cmax, AUC0-144h, AUC0~∞). The secondary
outcomes were the pharmacokinetic parameters of regorafe
nib (Tmax, t1/2z, AUC_%Extrap, λz) and metabolite M-2 (Cmax,
AUC0-144h, AUC0~∞, Tmax, t1/2z, AUC_%Extrap, λz). The rea
son we have chosen to evaluate M-2 rather than M-5 was that
previous study has shown higher inter-individual CV
(>100%) for M-5.18 In addition, the 2014 Food and Drug
Administration (FDA) draft guidance on regorafenib also
recommended evaluation of both regorafenib and M-2.19
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collected at 26 time points: 0h before each cycle (within 1.0h
before administration) and 30min, 1.0h, 1.5h, 2.0h, 2.5h,
3.0h, 3h 20min, 3h 40min, 4.0h, 4h 20min, 4h 40min, 5.0
h, 6.0h, 8.0h, 10.0h, 12.0h, 24.0h, 27.0h, 30.0h, 36.0h, 48.0h,
72.0h, 96.0h, 120.0h, and 144.0h after administration.
In the fed condition, venous blood was collected at 27
time points: 0h before each cycle (within 1.0h before
administration) and 30min, 1.0h, 1.5h, 2.0h, 2.5h, 3.0h,
3.5h, 4.0h, 4.5h, 5.0 h, 5.5h, 6.0h, 7.0h, 8.0h, 9.0h, 10.0h,
12.0h, 24.0h, 27.0h, 30.0h, 36.0h, 48.0h, 72.0h, 96.0h,
120.0h, and 144.0h after administration. Blood sample
(4 mL) was collected at each collection time point to
EDTA-K2 anticoagulation vacuum blood collection tube.

Analytical Method
As per the FDA’s guidelines on bioequivalence studies of
regorafenib, this study used a validated liquid chromato
graphy-tandem mass spectrometry (LC-MS/MS) to deter
mine the concentration of regorafenib and its main
metabolite M-2 (regorafenib N oxide, C21H15ClF4N4O4)
in plasma. LC–MS/MS analysis was carried out using an
LC 30AD system (Shimadzu, Japan) coupled with
a QTRAP 5500 triple quadrupole MS (AB Sciex,
Canada) equipped with an ESI ion spray source. Detailed
analytical methods and method validation were provided
in Supplementary S2. The detection range of regorafenib
was 2.00~1300 ng/mL, and the detection range of meta
bolite M-2 was 1.00~650 ng/mL. All plasma samples were
detected with quality control samples evenly distributed
among the tested samples. Internal standard (regorafenib13C-d3 and M-2-13C-d3) matrix effects, lipemic effects,
and haemolytic matrix effects did not interfere with the
accurate quantification of regorafenib and its metabolite
M-2 (regorafenib N-oxide) in plasma, which met the
NMPA requirements of biological sample analysis. The
incurred sample reanalysis indicated that the LC-MS/MS
method was reproducible.

Adverse Events
Blood Collection
The Tmax of the prototype drug of 160 mg regorafenib in
healthy male volunteers was 4.0 h in the fasting state and was
6.0 h in the high-fat fed state.20 The mean elimination halflife (t1/2) of regorafenib and M-2 were 28 h and 25 h,
respectively.20 According to the requirements of NMPA
guidelines, dense sampling was conducted around Tmax,
and the last sampling time was 144 h (larger than 3 elimina
tion half-life). In the fasting condition, venous blood was
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The adverse events after taking regorafenib tablets were
recorded according to the changes in clinical laboratory
results (blood routine, blood biochemistry, urine routine,
coagulation function, and thyroid function), vital signs,
physical examination results, 12-lead electrocardiogram,
and other indicators. Treatment emergent adverse event
(TEAE) was coded by the MedDRA version 23.0,21 and
the severity of adverse events was determined according to
the NCI-CTCAE version 5.0.22 The strength of the relation
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between adverse events and the tested drug was divided
into five levels including: definite, probable, possible,
unlikely, and not unrelated. Events that were classified as
being definite, probable, and possible related to the tested
drugs were recorded as adverse drug reactions (ADRs).

regressed on age, sex, and BMI univariately to explore
possible associations. All participants who were rando
mised and received a study drug were included in the
safety analysis. A P value <0.05 was considered statisti
cally significant.

Sample Size Calculations

Results
Subject Screening, Recruitment, and
Compliance

The intra-individual variation of regorafenib in healthy peo
ple was 28.3%.20 Assuming unilateral α = 0.05, β = 0.1, and
intra-CV = 30%, the geometric mean ratio of the
T preparation and the R preparation was 0.95~1.05, the
bioequivalence interval was 80.00%~125.00%, and the mini
mum sample size of the two-period crossover test was 52
cases. Considering a 20% dropout rate, 66 subjects were
included for both fasting and fed conditions, and a total of
132 volunteers were included in the entire trial. PASS (ver
sion 11.0. 7) software was used for a sample size calculation.

Pharmacokinetic and Statistical Analyses
Pharmacokinetic parameters were analysed using data from
subjects who received at least one study drug. The pharma
cokinetic parameters of regorafenib and metabolite M-2
were calculated by Phoenix WinNonlin (version 8.1,
Certara, Princeton, NJ, USA) using a non-compartmental
analysis (NCA) model. All pharmacokinetic parameters are
presented as means ± standard deviation (SD), CV and
geometric mean ratio (GMR), except for Tmax values,
which are reported as the median, maximum, and minimum
values.
Statistical analysis was conducted by SAS (version 9.4)
software. Differences in natural logarithmic-transformed
pharmacokinetic parameters (Cmax, AUC0-144h, AUC0-∞)
between the two formulations were evaluated by linear
mixed effects models, in which the sequence, drugs, and
period were modelled as fixed effects, and participant ID
was modelled as a random effect. The 90% confidence
intervals (CIs) of the geometric mean for the T/R ratios
(Cmax, AUC0-144h, AUC0-∞) were obtained to determine
the bioequivalence, considering the acceptance range of
80~125%. Randomised participants whose data of serum
concentration of regorafenib and M-2 were collected for at
least one time were included in the PK analysis.
Sensitivity analyses of AUC0-∞ for regorafenib and
M-2 bioequivalence between the T and R preparations
were conducted, respectively. Participants with the
AUC_%Extrap larger than 20% were excluded in the sensi
tivity analysis of PK parameters of the current period. The
main parameters, such as Cmax, AUC0-144h, AUC0-∞, were
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A total of 358 healthy subjects were initially screened,
with 66 participants (11 females 16.7%) were enrolled
for the fasting period and 66 participants (13 females
19.7%) for the fed period, respectively. The mean (SD)
age of participants was 29 (5.9) years old, and most of the
participants were Han Chinese. Baseline demographics
were similar between groups under the fasting and fed
conditions (Table 1). All participants completed the fasting
part, and only one participant withdrew from the second
period of the fed condition due to an intestinal disorder
(Figure 1).

Plasma Concentration–Time Profiles
In the first period of the fasting condition, one participant
vomited after taken the R treatment (within the two times
median Tmax) and thus was not included in the pharmaco
kinetic parameter and bioequivalence analysis set. The
linear plasma concentration and semi-logarithmic concen
tration plots were shown for the fasting (Figure 2) and fed
conditions (Figure 3), respectively. The mean plasma con
centration–time profiles of regorafenib and metabolite M-2
were superimposable between the two treatments under
both fasting and fed conditions, which were characterised
by a rapid increase in plasma concentration followed by
a multiphasic decline.
The PK parameters of regorafenib and M-2 for T and
R treatments are listed in Table 2. Under both fasting and fed
conditions, the mean values of the regorafenib PK para
meters, including Cmax, AUC0-144h, AUC0-∞, t1/2z, and λz,
were similar between the two treatments. The median Tmax
of plasma regorafenib concentrations was 3.99 h under fast
ing condition and was 4.99 h under fed condition.

Bioavailability and Bioequivalence Analysis
The geometric least square mean ratios (90% CI) for the
logarithmically transformed pharmacokinetic parameters
of regorafenib and metabolite M-2 were shown for the
fasting period (Table 3) and fed period (Table 4),
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Table 1 Baseline Demographics of Full Analysis Set (FAS)
Fasting

Fed

Total (n = 66)

TR (n = 33)

RT (n = 33)

Total (n = 66)

TR (n = 33)

RT (n = 33)

Age (years)

29.0 (5.9)

27.8 (5.6)

30.3 (6.1)

29.5 (6.6)

29.2 (7.5)

29.8 (5.6)

Female, n (%)

11 (16.7)

8 (24.2)

3 (9.1)

13 (19.7)

7 (21.2)

6 (18.2)

Race
Han, n (%)

65 (98.5)

33 (100.0)

32 (97.0)

65 (98.5)

32 (97.0)

33 (100.0)

1 (1.5)

0 (0)

1 (3.0)

1 (1.5)

1 (3.0)

0 (0)

BMI (kg/m2)

22.4 (1.8)

22.4 (1.7)

22.3 (1.9)

22.5 (2.0)

22.7 (1.8)

22.4 (2.1)

Height (cm)

170.0 (6.8)

169.1 (8.1)

170.9 (5.0)

169.0 (8.2)

168.9 (7.7)

169.1 (8.7)

Weight (kg)

64.8 (7.5)

64.3 (8.3)

65.3 (6.7)

64.4 (8.0)

64.7 (7.8)

64.1 (8.3)

Other, n (%)

Notes: Data were shown in mean (SD) or otherwise specified.
Abbreviations: BMI, body mass index; T, test drug; R, reference drug.

respectively. The corresponding 90% CIs for regorafenib
were completely contained within the equivalence margin
of 80–125% under both fasting and fed conditions.

However, most of the corresponding 90% CIs for metabo
lite M-2 transcended the lower equivalence margin of
80%. Sensitivity analyses of AUC0-∞ showed similar

Figure 1 Flow charts of trials. (A) Fasting trial. (B) Fed trial. (One participant in fed trial withdrew due to intestinal disorder in second period (T drug), and the blood was
taken only till 30h after drug administration. The participant reached Cmax on 4.5h, and the median Tmax was 5h. This participant was included in PKPS for Cmax and Tmax
parameters and was only include in BES for Cmax parameter.).
Abbreviations: T, test drug; R, reference drug; PKCS, pharmacokinetic concentration analysis set; PKPS, pharmacokinetic parameter analysis set; BES, bioequivalence
analysis set; SS, safety analysis set.
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Figure 2 Plasma concentration–time plots of regorafenib and metabolite M2 of single oral regorafenib under the fasting condition on linear and semi-logarithmic scale (the test and
reference treatments were jittered on time scale for better comparison). (A) Mean plasma concentration–time plot on linear scale; (B) mean plasma concentration–time on
semilogarithmic scale; (C) mean plasma concentration–time plot on linear scale of first 8 hours; (D) mean plasma concentration–time on semilogarithmic scale of first 8 hours.
Abbreviations: T, test drug; R, reference drug.

Compared to the fasting condition, a high-fat and highcalorie meal increased the exposure of plasma concentration
of regorafenib (AUC0-144h 2924.45 ng·h/mL, 95% CI
[2043.32, 3841.58]) but decreased the plasma concentration
of M-2 (AUC0-144h −3836.82 ng·h/mL, 95% CI [−4477.33,
−3196.31]). Compared to male, female participants had
a shorter Tmax but a longer t1/2z for serum regorafenib.
Higher BMI was associated with the shorter Tmax and slower
λz for plasma regorafenib levels (Supplementary Table S1).

reported TEAE, of which 10 (15.2%) reported the events in
test treatment cycle and 13 (19.7%) in reference treatment
cycle. When taking medications under the fed condition, 20
participants reported TEAE, of which 12 (18.2%) participants
reported in the test treatment cycle and 11 (16.7%) reported in
the reference treatment cycle. In the fasting trial, all AEs were
CTCAE grade 1 except two AEs were grade 2, which were
“elevated thyroid stimulating hormone” and “reduced haemo
globin”. In the fed trial, all AEs were grade 1 except two AEs
were grade 2, which were “lumbar sprain” and “intestinal
disorder”. All AEs were followed up until recovery or
improvement. No severe adverse events were recorded under
both conditions, and the safety profile of both treatments was
generally good under both fasting and fed conditions.

Tolerability and Safety Analysis

Discussion

All participants (n = 132) who received assigned medications
were included in the safety analysis (Table 5). When taking
medications under the fasting condition, 18 participants

To our best knowledge, this study was the first bioequiva
lence trial conducted for two oral formulations of regor
afenib among healthy Chinese volunteers under both

results for regorafenib and were similar for metabolite M-2
except that AUC0-∞ of metabolite M-2 became bioequiva
lent for T and R treatments under the fed condition.

Exploratory Analysis
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Figure 3 Plasma concentration–time plots of regorafenib and metabolite M2 of single oral regorafenib under the fed condition on linear and semi-logarithmic scale (the test and
reference treatments were jittered on time scale for better comparison). (A) Mean plasma concentration–time plot on linear scale; (B) mean plasma concentration–time on
semilogarithmic scale; (C) mean plasma concentration–time plot on linear scale of first 8 hours; (D) mean plasma concentration–time on semilogarithmic scale of first 8 hours.
Abbreviations: T, test drug; R, reference drug.

fasting and fed conditions. The Cmax, AUC0-144h, and
AUC0-∞ for regorafenib plasma concentration were bioe
quivalent between the T and R treatments under both

fasting and fed conditions. This study provides novel
evidence for the pharmacokinetic parameters of regorafe
nib among a healthy Chinese population.

Table 2 The Pharmacokinetic Parameters of Regorafenib and Metabolite M2
AUC0-144h (ng·h /mL)

AUC0-∞ (ng·h /mL)

Tmax (h)

t1/2z (h)

λz (×10−2 1/h)

549.17 ± 197.36

9837.22 ± 2843.36

10,561.59 ± 3142.65

3.99 (1.99, 9.99)

35.32 ± 15.17

2.14 ± 0.50

599.14 ± 208.97

10,467.05 ±2583.61

11,354.73 ± 3323.92

3.99 (1.99, 9.99)

36.15 13.92

2.11 ± 0.56

66

271.37 ± 152.38

5169.81 ± 3203.33

5460.46 ± 3397.60

3.99 (2.49, 10.00)

32.51 ± 8.50

2.24 ± 0.46

65

302.52 ± 141.92

5579.14 ± 2568.79

5895.96 ± 2719.26

3.99 (1.99, 9.99)

32.31 ± 9.08

2.26 ± 0.45

T

65

576.29 ± 168.17*

12,708.91 ± 3254.39

13,484.97 ± 3664.97

4.99 (1.49, 10.00)*

32.54 ± 9.52

2.26 ± 0.48

R

66

627.65 ± 165.44

13,622.23 ± 3388.15

14,483.99 ± 3861.48

4.99 (1.49, 10.00)

31.83 ± 6.95

2.27 ± 0.45

T

65

57.91 ± 37.69*

1423.77 ± 895.98

1529.04 ± 940.82

8.01 (1.49, 10.00)*

32.30 ± 10.77

2.34 ± 0.66

R

66

64.85 ± 39.44

1605.30 ±965.19

1725.77 ± 1022.35

7.99 (2.49, 26.99)

31.27 ± 8.04

2.36 ± 0.61

Medication

N

Cmax (ng/mL)

T

66

R

65

T
R

Fasting condition
Regorafenib

M2

Fed condition
Regorafenib

M2

Notes: Data are shown as mean ± SD, except that Tmax (h) shown as median (min, max). *Derived from data of 66 participants.
Abbreviations: T, test drug; R, reference drug.
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AUC0-∞ (ng·h /mL)

AUC0-∞ (ng·h/mL)

66
65

T
R

66
66

T
R

66
66

T

66

R

R

66

T

64
61

T
R

66
65

T
R

66
65

T

65

R

R

66

T

N

5255.96 (4550.70, 6070.54)

4517.03 (3914.08, 5212.87)

5265.92 (4564.23, 6075.49)

4517.03 (3915.13, 5211.46)

4986.29 (4319.92, 5755.47)

4274.54 (3703.28, 4933.92)

267.69 (231.09, 310.08)

227.14 (196.09, 263.11)

10,777.25 (10,101.47, 11,498.23)

10,055.63 (9435.62, 10,716.38)

10,959.64 (10,256.70, 11,710.76)

10,146.34 (9498.79, 10,838.04)

10,188.52 (9569.78, 10,847.27)

9473.91 (8901.68, 10,082.92)

566.32 (519.22, 617.68)

514.99 (472.42, 561.40)

GMLS Mean 95% CI

85.94 (76.23, 96.89)

85.78 (76.20, 96.56)

85.73 (75.93, 96.79)

84.85 (74.13, 97.13)

93.30 (88.49, 98.38)

92.58 (87.90, 97.51)

92.99 (88.27, 97.95)

90.94 (84.09, 98.34)

T/R Ratio 90% CI

42.82

42.49

43.65

49.15

17.56

17.88

17.93

27.29

Intra-Individual CV (%)

43.85

44.01

43.17

39.77

19.15

20.56

18.44

23.38

Inter-Individual CV (%)

25.49

25.07

24.04

17.64

99.92

99.87

99.91

85.49

Power (%)

Notes: †Sensitivity analysis excluded the participants with regorafenib AUC_%Extrap>20%, including four participants on the second cycle who taken reference drug and two participants on the second cycle who taken test drug.
Abbreviation: T, test drug; R, reference drug.

†

AUC0-∞ (ng·h/mL)

AUC0-144h (ng·h/mL)

Cmax (ng/mL)

M2 pharmacokinetic parameters

†

AUC0-∞ (ng·h /mL)

AUC0-144h (ng·h/mL)

Cmax (ng/mL)

Regorafenib pharmacokinetic parameters

Medication

Table 3 Bioequivalence Analysis of Fasting Trial in Terms of Cmax, AUC0-144h, and AUC0-∞
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R

T
R

60
64

65
66

65
66

1349.22 (1136.41, 1601.88)
1402.25 (1184.93, 1659.43)

1255.22 (1059.33, 1487.33)
1405.25 (1186.94, 1663.71)

1148.29 (962.24, 1370.32)
1294.05 (1085.35, 1542.87)

45.68 (38.29, 54.48)
52.60 (44.10, 62.74)

13,993.67 (13,123.29, 14,921.78)

13,023.43 (12,205.63, 13,896.03)

13,993.67 (13,122.62, 14,922.55)

13,037.99 (12,222.71, 13,907.65)

12,315.56 (11,573.17, 13,105.57)
13,218.37 (12,425.54, 14,061.79)

551.73 (514.11, 592.09)
605.62 (564.34, 649.93)

GMLS Mean 95% CI

96.22 (84.86, 109.09)

89.32 (78.48, 101.67)

88.74 (77.35, 101.80)

86.84 (75.12, 100.38)

93.07 (88.64, 97.71)

93.17 (88.82, 97.74)

93.17 (88.73, 97.83)

91.10 (85.90, 96.62)

T/R Ratio 90% CI

42.98

46.54

49.71

53.15

16.66

16.47

16.82

20.45

Intra-Individual CV (%)

58.30

56.99

58.83

55.96

20.62

20.80

19.20

20.87

Inter-Individual CV (%)

74.70

40.16

33.83

23.27

99.98

99.98

99.98

97.74

Power (%)

Notes: †Sensitivity analysis excluded one participant with regorafenib AUC_%Extrap>20%. ‡Sensitivity analysis excluded the participants with metabolite M2 AUC_%Extrap>20%, including five participants who taken reference drug and two
participants who taken test drug.
Abbreviations: T, test drug; R, reference drug.

AUC0-∞ (ng·h/mL)

T
R

AUC0-∞ (ng·h/mL)

‡

T
R

AUC0-144h (ng·h/mL)

66
66

66

R

T
R

64

T

Cmax (ng/mL)

M2 pharmacokinetic parameters

AUC0-∞ (ng·h/mL)

66

T

AUC0-∞ (ng·h/mL)

†

65

T
R

AUC0-144h (ng·h/mL)
65
66

T
R

66
66

N

Cmax (ng/mL)

Regorafenib pharmacokinetic parameters

Medication

Table 4 Bioequivalence Analysis of Fed Trial in Terms of Cmax, AUC0-144h, and AUC0-∞
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Table 5 Adverse Events
Fasting

Fed

T (n = 66)

R (n = 66)

T (n = 66)

R (n = 66)

Death, n (%)

0 (0)

0 (0)

0 (0)

0 (0)

SAE, n (%)

0 (0)

0 (0)

0 (0)

0 (0)

TEAE, n (%)

10 (15.2)

13 (19.7)

12 (18.2)

11 (16.7)

Various inspections, n (%)

10 (15.2)

10 (15.2)

4 (6.1)

4 (6.1)

Gastrointestinal, n (%)
Neurological, n (%)

0 (0)
0 (0)

2 (3.0)
1 (1.5)

4 (6.1)
1 (1.5)

2 (3.0)
0 (0)

Kidney & urinary, n (%)

0 (0)

1 (1.5)

0 (0)

1 (1.5)

Infections, n (%)
Injuries & poisoning, n (%)

0 (0)
0 (0)

0 (0)
0 (0)

2 (3.0)
0 (0)

4 (6.1)
1 (1.5)

Musculoskeletal & connective tissue, n (%)

0 (0)

0 (0)

1 (1.5)

0 (0)

Systemic diseases, n (%)

0 (0)

0 (0)

1 (1.5)

0 (0)

0 (0)

0 (0)

1 (1.5)

0 (0)

Withdraw due to TEAE

Abbreviations: TEAE, treatment emergent adverse event; T, test drug; R, reference drug.

According to the FDA reviews of data for 24 healthy
American subjects,20 the Cmax and AUC0-144h for a single
oral intake of 160 mg regorafenib (4 × 40 mg) were 1250
ng/mL and 45,390 ng·h/mL under fasted state and were
2160 ng/mL and 67,270 ng·h/mL under high-fat state.
These data were higher than the parameters in the current
study (40 mg) due probably to different doses adminis
tered. Compared to the fasted state, previous data showed
a 48% of regorafenib exposure if taken under high-fat
state.20 However, in the current study, fed regorafenib
exposure increased 30.1% (R) and 29.2% (T) compared
to fasting condition. Previous data suggested metabolite
M-2 exposure decreased 20% on high-fat state compared
to fasted state,20 and the current study reported more
decrease (71.2% for R and 72.5% for T). These differences
may possibly be explained by a different subject group
(western versus Chinese population), the proportion of fat
in the meal (the current study used high-fat and highcalorie meal), and different dose used.
The results of the secondary endpoints PK parameters
were in agreement with previous data.10 We found that the
median Tmax were 3.99 hours for regorafenib and metabo
lite M-2 under fasting condition. The mean t1/2z was
around 36 hours for regorafenib and around 32 for meta
bolite M-2 under a fasting condition and was around 32
hours for both regorafenib and metabolite M-2 under a fed
condition. The 90% CI of geometric mean for the T/R
ratios of M-2 exceeded the range of 80%–120%, which
may be caused by high intra- and inter-individual
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variability of M-2, and plasma levels of M-2 were signifi
cantly lower than regorafenib. The high intra- and interindividual variability also caused the discrepancy in the
power analysis (Tables 3 and 4). Bioequivalence should be
based on the parent compound of regorafenib because
sample size calculations were based on regorafenib rather
than M-2, and the primary outcomes were PK parameters
of regorafenib. Moreover, the 2021 updated draft guidance
on regorafenib recommends detection of only regorafenib
for the bioequivalence study.17
In the phase 1 trial of regorafenib in Japanese patients
with solid tumours, after a single dose (160 mg), the Tmax
for both regorafenib and metabolite M-2 was around 4
hours.14 One phase 1 dose–escalation study suggested
that plasma concentration profile of regorafenib and its
metabolite M-2 at steady state were multipeak shaped
with an initial maximum Tmax of 1 to 6 hours.23 Our
exploratory analysis suggests that gender and BMI may
associate with the pharmacokinetic parameters of regora
fenib, which was also reported in a previous study con
ducted on solid tumour patients.13
Previous trials have shown that regorafenib exhibits
survival benefit compared to placebo in Asian patients
with treatment-refractory mCRC,24 in whom doseescalation strategy of regorafenib (80+, regorafenib at
80 mg per day, weekly dose escalation if no significant
drug-related toxicities, up to 160 mg per day) may be
a preferred option.25 A recent cost-effectiveness study
suggested that regorafenib provided 0.79 quality adjusted
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life years (QALYs) at a cost of CNY 226657
(USD231697), which is less cost-effective than fruquinti
nib as a third-line treatment for patients with mCRC in
China.26 However, the domestically produced test regora
fenib, if approved, may have great implications for health
care costs at both societal and individual levels.
The safety profiles of the test and reference treatments
were similar and generally good. A single oral 40 mg
regorafenib has an acceptable safety profile as the majority
of AEs were CTCAE grade 1 in severity and resolved
quickly. In the fasting trial, the most prevalent AEs were
hypertension (T 3.0%; R 6.1%) and increased heart rate (T
3.0%; R 3.0%). While in the fed trial, the most prevalent
AEs were urinary tract infection (T 3.0%; R 6.1%),
abdominal pain (T 3.0%; R 3.0%), and diarrhea (T 3.0%;
R 3.0%). The physical examination, 12-lead electrocardio
gram, and other inspections of the subjects were normal or
abnormal but with no clinical significance.
Key strengths of this study were its rigorous design,
large sample size, and being the first bioequivalence trial
of regorafenib conducted in a Chinese population. This
study also has several limitations. First, the genotype of
cytochrome P450 enzyme was not included in the trial,
which makes comparing pharmacokinetic parameters
between different CYP isoforms impossible. Second,
regorafenib was recommended to be administered with
low-fat diet,27 while we did not include an additional lowfat diet group. Third, we employed NCA models that did
not take into account an EHC pathway. Since EHC is
a significant pathway in which the regorafenib is metabo
lised and disposed,13 future investigations using pharma
cokinetic models that consider EHC are needed.

Conclusion
Single oral intake of test (40 mg) and the reference
(40 mg) regorafenib treatments were bioequivalent under
fasting and fed conditions and had similar favourable
safety profiles among healthy Chinese subjects.
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