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/ABSTRACT

Background. Regorafenib at the standard intermittent dosing
schedule proved effective in the GRID trial for refractory gastro-
intestinal stromal tumors (GISTs). However, this dosing schedule
requires frequent dose reduction, and the progression of GISTs
or tumor-related symptoms during the off-treatment period has
also been noted in some patients. Therefore, we conducted this
phase Il trial to evaluate the efficacy and safety of regorafenib at
a lower dose on a continuous dosing schedule.

Methods. Patients with measurable, metastatic, or recurrent
GISTs who failed to respond to both imatinib and sunitinib
were eligible for this study. Regorafenib 100 mg p.o. daily was
administered continuously. The primary endpoint was disease
control rate (DCR: complete response plus partial response
[PR] plus stable disease [SD]) lasting for at least 12 weeks using
RECIST version 1.1.

Results. The best response was PR in 2 (8%), SD in 16 (64%),
and progressive disease in 6 (24%) patients. DCR lasting for at
least 12 weeks was 64% (16 of 25). The median progression-
free survival was 7.3 months (95% confidence interval, 5.9-8.6),
and the 1-year survival rate was 64.5%. Ten patients (40%)
experienced grade 3—4 toxicities, including hand-foot skin
reaction (n = 4, 16%) and elevation of alanine aminotransfer-
ase (n =2, 8%). Only six patients (24%) needed dose modifi-
cation with a relative dose intensity of 95.0% for eight cycles
in all patients.

Conclusion. Regorafenib at a lower dose on a continuous
schedule might be an alternative treatment in patients
with GISTs after failure of imatinib and sunitinib. Clinical
trial identification number. NCT02889328 The Oncologist
2019;24:€1212—-e1218

Implications for Practice: Regorafenib at the standard intermittent dosing schedule proved effective in the GRID trial for
refractory gastrointestinal stromal tumors (GISTs). However, this dosing schedule requires frequent dose reduction, and the
progression of GISTs or tumor-related symptoms during the off-treatment period has been noted in some patients. This
study was to evaluate the efficacy and safety of regorafenib at a lower dose on a continuous dosing schedule. With good
efficacy and acceptable safety profiles, regorafenib at a lower, continuously administered dose might be an alternative treat-
ment in patients with GISTs after imatinib and sunitinib. Rechallenge of regorafenib may slow the disease progression.

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common
sarcomas of the mesenchymal tissue of gastrointestinal tract

Localized resectable GISTs can be cured with surgical resec-
tion. In patients with unresectable or metastatic GISTs, imatinib

[1, 2]. Most of these tumors are characterized by mutation in
the KIT or platelet-derived growth factor receptor o (PDGFRA)
genes [3, 4]. Because of receptor tyrosine kinase dependence,
GISTs can be treated with tyrosine kinase inhibitors such as
imatinib, which has activity against KIT, PDGFRA, and ABL
[1, 5].

showed long-term efficacy and has been the standard first-line
therapy [2, 6]. In patients with progression or intolerance to
imatinib, sunitinib is the approved second-line therapy with a
median time to progression of approximately 7 months in a ran-
domized phase IlI trial [7]. Although many novel agents have
been tested in the setting of failure of both imatinib and
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sunitinib, only regorafenib has been approved as the standard
third-line therapy after a randomized phase Il trial, which
showed a median progression-free survival (PFS) of approxi-
mately 5 months in the regorafenib arm [8]. Current guidelines
suggest treatment strategies of GISTs based on the results of
these studies [9, 10].

Although third-line regorafenib therapy of 160 mg once
daily for 3 weeks followed by 1 week off demonstrated sig-
nificant benefits in patients with GISTs who had failed both
imatinib and sunitinib, dose modification was frequently
required because of various toxicities. In the GRID study,
72% of patients needed dose modification. In addition,
there are concerns that tumors and tumor-related symp-
toms may progress during the off-treatment period. In our
previous study, approximately 26% of patients experienced
an exacerbation of their cancer-related symptoms during the
rest period in the intermittent regorafenib regimen [11].
Therefore, continuous administration of regorafenib at a
lower dose could be a feasible and effective measure in
preventing disease flare-up during the off-treatment period.
The present study assessed the efficacy and safety of a con-
tinuous daily dosing schedule of regorafenib in patients
with GISTs after the failure of imatinib and sunitinib.

SuBJECTS, MATERIALS, AND METHODS

Patients

The eligibility criteria for this study included age >20 years;
histologically confirmed metastatic or advanced GISTs; prior
failure (disease progression or intolerance) of at least imatinib
and sunitinib; no prior use of regorafenib; an Eastern Cooper-
ative Oncology Group (ECOG) performance status <1; resolu-
tion of all toxic effects of prior treatments; presence of at
least one measurable lesion; adequate bone marrow, hepatic,
and renal function as assessed in a laboratory test; and life
expectancy 212 weeks. Women of childbearing potential and
men had to agree to use adequate contraception until at least
8 weeks after the last regorafenib administration.

Study Design and Procedures
This was a nonrandomized, open-label, single arm, phase Il study
conducted at Asan Medical Center, University of Ulsan, Seoul,
South Korea. The patients received regorafenib 100 mg orally
(p.0.) daily continuously every 4 weeks (28 days). Each 100 mg
dose consisted of two 40 mg tablets and one 20 mg tablet. The
40 mg tablet was a commercially available tablet, and the 20 mg
formulation was a tablet specifically designed for this study.
Patients received a total of 100 mg of regorafenib once daily in
the morning. Patients continued regorafenib treatment until dis-
ease progression as defined by RECIST version 1.1, unacceptable
toxicity, or consent withdrawal. For patients experiencing dis-
ease progression, further administration was allowed if a clinical
benefit was evident according to the treating physician.
Medication was delayed or the dose was reduced in
case of clinically significant hematological and other toxic-
ities that were possibly, probably, or definitely related to
protocol therapy. Dose reduction was allowed over two
steps of 80 mg daily first and then 60 mg daily. Dose reduc-
tion lower than 60 mg daily was not allowed. If the dose
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needed to be reduced lower than 60 mg, treatment would
be discontinued. Dose reescalation was allowed after reso-
lution of toxicities.

Baseline and follow-up images were evaluated using triphasic
or dynamic computed tomography (CT) scans. A pretreatment
baseline CT scan was performed within 2 weeks prior to the start
of regorafenib medication. Follow-up CT scans were performed
every 8 weeks (4 7 days) until disease progression or death. Dis-
ease measurement and assessments of progression were per-
formed using RECIST version 1.1. Hematologic adverse events
were investigated at every cycle (every 4 weeks) through blood
sampling. Adverse events were assessed before commencing
each treatment cycle (every 4 weeks) using the U.S. National
Cancer Insitute Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03. Blood was collected for plasma free-
circulating tumor DNA assay before regorafenib treatment,
every 3 months, and at the time of disease progression.

The primary endpoint of this study was disease control
rate (DCR) lasting for at least 12 weeks according to RECIST
version 1.1. The secondary endpoint was PFS, overall sur-
vival (0S), response rate, and adverse events determined
using CTCAE version 4.03. As an exploratory endpoint, we
investigated the correlation between the mutation or entity
of serum free-circulating tumor DNA and clinical outcomes,
which will be reported later.

The study protocol was approved by the institutional
review board, and all participants provided written informed
consent before enrolment.

Statistical Analysis

The sample size was estimated using Simon single-stage
design. In the GRID and RIGHT trials, DCR at 12 weeks with
intermittent regorafenib and imatinib rechallenge were 53%
and 32%, respectively [8, 12]. The current study needed
25 patients to detect a 25% difference in the DCR at least
12 weeks between the null hypothesis of 30% and the alter-
native hypothesis of 55% using a significance level of .1 and
power of 90%. If 11 or more patients achieved disease con-
trol by at least 12 weeks, the null hypothesis would be
rejected.

PFS was defined as the time from the first day of treat-
ment until the confirmation of disease progression or death
as a result of any cause. OS was defined as the time from
the first day of treatment until death as a result of any
cause. The second PFS was defined as the time from the
confirmation of progression with regorafenib until the pro-
gression with further regorafenib treatment or death. The
Kaplan-Meier method was used to calculate the PFS and
OS. All calculations were performed using SPSS computer
software version 21.0 (IBM Corporation, Armonk, NY).

REsuLTS

Patient Characteristics

From September 2016 to August 2017, 25 patients were
enrolled with a median age of 60 (range, 42-74) years, and
male patients were dominant (84%). All patients had an ECOG
performance status of 1. The small bowel was the most com-
mon primary site (n = 15, 60%). The KIT exon 11 mutation
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Table 1. Baseline characteristics

Characteristic n (%)
Age, median (range), years 60 (42-74)
Sex
Male 21 (84.0)
Female 4 (16.0)
ECOG PS
0 0 (0.0)
1 25 (100)
Primary site
Stomach 7 (28.0)
Small bowel 15 (60.0)
Rectum 1(4.0)
Peritoneum 2 (8.0)
Primary mutation
KIT exon 9 5 (20.0)
KIT exon 11 16 (64.0)
No mutation in KIT or PDGFRA 3(12.0)
Unknown 1 (4.0)
Metastatic site
Any 25 (100)
Liver 19 (76.0)
Peritoneum 19 (76.0)
Lung 1(4.0)
Bone 1(4.0)
Soft tissue 1(4.0)
Prior TKI
Imatinib 25 (100)
Sunitinib 25 (100)
Nilotinib 1(4.0)

Duration of prior TKI, months
Imatinib 400 mg/day, median (range) 25.0 (1.8-86.3)
2.5 (1.0-26.1)
8.3 (0.7-37.5)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group per-
formance status; PDGFRA, platelet-derived growth factor receptor
o; TKI, tyrosine kinase inhibitor.

Imatinib 800 mg/day, median (range)
Sunitinib, median (range)

was the most common (n = 16, 64%) primary mutation. The
liver and peritoneum were the most common site of metasta-
sis (n = 19, 76%). All patients had a history of failure of prior
treatment with imatinib and sunitinib, and one patient was
treated with nilotinib. The median treatment duration of
imatinib 400 mg/day and sunitinib was 25.0 months (range,
1.8-86.3 months) and 8.3 months (range, 0.7-37.5 months),
respectively (Table 1).

Efficacy

DCR lasting for at least 12 weeks was 64%. The best response
was partial response in 2 patients (8.0%), stable disease
(SD) in 14 patients (56.0%), and PD in 8 patients (32.0%).
None achieved a complete response (Table 2). With a
median follow-up of 8.6 months (range, 2.3—14.6 months),
the median PFS was 7.3 months (95% confidence interval
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Table 2. Disease control rate lasting at least 12 weeks from
the start of regorafenib

Response n (%)
Complete response (confirmed) 0(0)°
Partial response (confirmed) 2(8.0)°
Stable disease 14 (56.0)°
Disease progression 8 (32.0)
Not evaluable® 1(4.0)
Total 25 (100)

“Not evaluable because of early end of treatment by patient’s deci-
sion before the first response evaluation.
bDisease control rate, n = 16 (64%).

[CI], 5.9-8.6 months; Fig. 1A), and the median OS was not
reached with a 1-year survival rate of 64.5% (Fig. 1B).
There was no report of exacerbation of tumor-related
symptoms during continuous dosing schedule.

Safety

Before the disease progression, during a median of six treat-
ment cycles (range, 2-16), all patients experienced drug-related
adverse events. There was no report of grade 3—4 hematologic
toxicities during blood tests at a 4-week interval, and there was
no report of febrile neutropenia. In nonhematologic toxicities,
ten patients (40%) experienced grade 3 toxicities, and there
were no reports of grade 4 toxicities or treatment-related
deaths. Ten patients reported grade 3 adverse events; most
common were hand-food skin reaction (16.0%) and elevation
of alanine aminotransferase (8.0%; Table 3).

The relative dose intensity was 95.0% for the initial eight
cycles before disease progression (Fig. 2A). Patients who
needed a dose reduction to 80 and 60 mg per day before PD
were 24.0% and 8.0%, respectively (Fig. 2B). Dose reduction
to 80 mg was due to hand-foot skin reaction (n = 4), hyper-
tension (n = 1), and tinnitus (n = 1), and the reasons for dose
reduction to 60 mg were hand-foot skin reaction (n = 1) and
increased ALT (n = 1). Serious adverse events (SAEs) were
reported in five cases, two of which were possibly related to
regorafenib treatment. One case was anal fistula, and the
other was colonic fistula. In these two cases, all patients
recovered with a temporary interruption of regorafenib.

Further Administration of Regorafenib After PD

With a median of four treatment cycles (range, 1-12),
13 patients experienced PD, and 12 continued regorafenib
treatment based on the physician’s decision of evidence of bene-
fits. Among them, seven patients showed the second PD with
further treatment with regorafenib (Fig. 3). Among the patients
who continued regorafenib beyond the PD with the assessable
best response (n = 10), SD was observed in six patients (60%) and
PD in four patients (40%). The median second PFS (Fig. 1C) and
median OS (Fig. 1D) from the first PD were 2.6 months (95% Cl,
0.7-4.6) and 5.8 months (95% Cl, 2.9-8.7). Most of the adverse
events were reported to be similar or less than those before PD,
whereas fatigue was more frequent than it was before
PD. Grade 3 toxicities were reported in three cases, including
anemia, fatigue, and elevation of aspartate transaminase.
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Figure 1. Progression-free survival and overall survival. PFS (A) and OS (B) from the start of regorafenib (n = 25). PFS (C) and OS (D)
from the first PD in patients who continued to receive regorafenib after the first PD (n = 12).
Abbreviations: Cl, confidence interval; OS, overall survival; PD, progressive disease; PFS, progression-free survival.
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Figure 2. Relative dose intensity and time to dose reduction. (A): RDI until PD. (B): Time to dose reduction until PD.

Abbreviations: PD, progressive disease; RDI, relative dose intensity.

DiscussioN

In patients with GISTs who had failed both imatinib and sunitinib
treatment, third-line regorafenib therapy with 160 mg once daily
for 3 weeks on treatment followed by 1 week off showed effi-
cacy. However, tumors or tumor-related symptoms may pro-
gress during the treatment off period. Son et al. [11] reported
that 26% of patients experienced exacerbation of cancer-related
symptoms during the rest period. In this study, the exacerbation
of symptoms occurred after stopping regorafenib and improved
with the restart of regorafenib. All five patients who continued
regorafenib during the rest period showed an improvement in
their symptoms, and only one of them experienced a temporary
exacerbation of drug-related toxicity [11]. A Japanese study also
reported a patient with rectal GISTs, who experienced pain dur-
ing a 1-week resting period from regorafenib and improved with

www.TheOncologist.com
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Figure 3. Duration of regorafenib treatment in individual
patients (n = 25).
Abbreviation: PD, progressive disease.
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Table 3. Hematologic laboratory abnormalities and
nonhematologic adverse event

Any grade, Grade 3,

Abnormality or adverse event n (%) n (%)

Hematologic laboratory

abnormalities
Anemia 10 (40.0) 0
Thrombocytopenia 5 (20.0) 0
Leukopenia 3(12.0) 0
Neutropenia 1(4.0) 0

Nonhematologic toxicities

(occurring in 210% of patients)
Hand-foot skin reaction 22 (88.0) 4 (16.0)
Hoarseness 18 (72.0) 0
Myalgia 15 (60.0) 0
ALT elevation 14 (56.0) 2 (8.0)
Diarrhea 12 (48.0) 0
Fatigue 11 (44.0) 0
Proteinuria 10 (40.0) 0
Hypothyroidism 10 (40.0) 0
Constipation 9 (36.0) 0
Anorexia 9 (36.0) 0
Hypertension 8 (32.0) 1(4.0)
AST elevation 7 (28.0) 1(4.0)
Stomatitis 7 (28.0) 0
Abdominal pain 6 (24.0) 1 (4.0)
Skin rash 6 (24.0) 0
Alopecia 6 (24.0) 0
Headache 5(20.0) 0
Vomiting 4 (16.0) 0
Sensory neuropathy 4 (16.0) 0
Hyperbilirubinemia 4 (16.0) 0
Flu-like symptom 4 (16.0) 0
Tinnitus 4 (16.0) 0
Leg pain 3(12.0) 0
Epigastric pain 3(12.0) 0
Lipase increased 3 (12.0) 0

There was no grade 4 adverse event or treatment-related death.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase.

continuous administration of regorafenib [12]. For patients
with imatinib-resistant or -intolerant GISTs, sunitinib had the
same issues of severe toxicities, requiring frequent dose modi-
fication and exacerbation of tumor-related symptoms during a
rest period with the original intermittent dosing schedule
(50 mg daily p.o. for 4 weeks followed by 2 weeks’ rest). The
alternative continuous dosing schedule with a lower dose
(37.5 mg daily p.o.) was established in a phase Il study and is
currently being used widely with comparable efficacy and a
safety profile with an intermittent dosing schedule [13]. Based
on the results of these studies, we hypothesized that a contin-
uous dosing schedule of regorafenib might be feasible and
effective in preventing exacerbation on the off-treatment period.
We investigated the 100 mg daily dose of regorafenib based on
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the results of previous dose escalation study and the possibility
of causing frequent adverse effects with higher doses [14].

In the current study, with regorafenib 100 mg daily continu-
ous dosing, DCR lasting for at least 12 weeks was 64% (16 of
25 patients), which met the primary endpoint. DCR values in
the GRID study and MAP trial were 52.6% and 44% for at least
12 weeks, respectively [8, 11]. Thus, although this trial was an
uncontrolled study and had somewhat different patient charac-
teristics from previous studies, DCR of 100 mg of regorafenib
continuous administration was comparable to that of the stan-
dard dosing schedule (160 mg daily for 3 weeks followed by a
1-week rest). The median PFS was 7.3 months (95% Cl, 5.9-8.6)
in the current study, whereas the median PFS in the GRID
study and MAP trial was 4.8 months and 4.5 months, respec-
tively [8, 11]. The median PFS in the current study was not
shorter than that of prior studies using 160 mg daily intermit-
tent dosing schedule (Table 4).

In the current study, 40% of patients experienced grade
3 toxicities, and there was no report of grade 4 toxicities or
treatment-related death. Compared with the incidence of
grade 3 or higher toxicities in the GRID study (58%) [8] and
MAP trial (53%) [11], drug-related adverse events in the
current study with 100 mg daily continuous dosing were
more favorable than those of prior studies with regorafenib
160 mg daily intermittent dosing, whereas patient charac-
teristics differed from previous studies. In the current study,
possible treatment-related SAEs were reported in 8% of
patients, and 24% needed dose modification. However, in
the GRID study, SAEs and dose modifications were reported
in 29% and 72% of patients, respectively [8], and dose modi-
fication was needed in 77% of patients in the MAP trial [11].
Some adverse events were reported more frequently in the
current study than in previous studies. Myalgia was reported
in 14 patients (56%) in our study, whereas it was reported in
18 of 132 patients (14%) in the GRID study and 12 of
57 patients (21%) in the MAP trial [8, 15]. Hoarseness (72%)
and constipation (36%) were also reported more frequently
in our study than they were in previous studies, although
there was no report of grade 3 or higher toxicities (Table 5).
These results may be due to different patient characteristics.
And a much closer investigation of some adverse events
known to be common based on previous studies may also
affect these results. We acknowledged through previous stud-
ies that some adverse events including hoarseness and myal-
gia can occur with regorafenib, and we asked more specifically
about these symptoms. Hypothyroidism was reported in ten
patients (40%) in the current study, which were all grade 1 tox-
icity and improved without dose modification. Although there
were no results of hypothyroidism in the GRID study or MAP
trial, hypothyroidism has been reported at a rate of 31.4%—
52% with a regorafenib intermittent dosing schedule in other
studies [15, 16]. Therefore, the frequency of hypothyroidism in
our study does not seem to be higher than that usually
observed.

In the current study, patients experiencing disease pro-
gression were further administered regorafenib if the investi-
gator determined that it was clinically beneficial. In patients
who continued to receive regorafenib after the first PD, the
median second PFS was 2.6 months (95% Cl, 0.7-4.6). In the
RIGHT study, which investigated the resumption of imatinib
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Table 4. Treatment outcomes across studies

Outcome GRID study?® MAP? Current study®
DCR, % 52.6 44.0 64.0

Median PFS, months (95% Cl) 4.8 (IQR, 1.4-9.2) 4.5 (3.8-5.3) 7.3 (5.9-8.6)
6-month PFS rate, % 38 35 44

Median OS, months (95% Cl) NA 12.9 (8.1-17.7) NA

1-year survival rate, % 78 50 65

?Regorafenib 160 mg every day for 3 weeks followed by a 1-week rest, every 4 weeks.

PRegorafenib 100 mg every day for 4 weeks continuously.
‘Lasting for at least 12 weeks.

Abbreviations: Cl, confidence interval; DCR, disease control rate; IQR, interquartile range; NA, not applicable; OS, overall survival; PFS,

progression-free survival.

Table 5. Toxicities of regorafenib across studies

GRID study?® (n = 132), n (%)

MAP? (n = 57), n (%)

Current study® (n = 25), n (%)

Toxicity Any grade Grade 3 Grade 4 Any grade Grade3 Grade4 Any grade Grade 3 Grade 4
Any events 130 (98) 77 (58) 2(2) 55 (96) 30(53) O 25 (100) 10 (40) 0
HFSR 74 (56) 26 (20) 0 47 (82) 14(25) O 22 (88) 4 (16) 0
Hypertension 64 (49) 30 (23) 1(1) 16 (28) 4(7) 0 8(32) 1(4) 0
Diarrhea 53 (40) 7 (5) 0 14 (25) 0 0 12 (48) 0 0
Fatigue 51 (39) 3(2) 0 31 (54) 2 (4) 0 11 (44) 0 0
Alopecia 31 (24) 2(2) 0 20 (35) 0 0 4 (16) 0 0
Hoarseness 29 (22) 0 0 19 (33) 0 0 18 (72) 0 0
Anorexia 27 (21) 0 0 17 (30) 1(2) 0 7 (28) 2(8) 0
Rash 24 (18) 3(2) 0 15 (26) 4(7) 0 6 (24) 0 0
Nausea 21 (16) 1(1) 0 9 (16) 0 0 1(4) 0 0
Constipation 20 (15) 1(1) 0 10 (18) 0 0 9 (36) 0 0
Myalgia 18 (14) 1(1) 0 12 (21) 1(2) 0 14 (56) 0 0

®Regorafenib 160 mg every day for 3 weeks followed by a 1-week rest, every 4 weeks.

PRegorafenib 100 mg every day for 4 weeks continuously.
Abbreviation: HFSR, hand-foot skin reaction.

after failure of imatinib and sunitinib, imatinib rechallenge
slowed disease progression with a median PFS of 1.8 months
(95% Cl, 1.7-3.6) according to a masked external central
assessment and 1.8 months (95% Cl, 1.7-2.7) by local investi-
gator assessment [17]. Regorafenib seems to slow down the pro-
gression of the disease, similar to what was shown by imatinib in
the RIGHT study. Therefore, rechallenge of regorafenib at a lower
dose on a continuous schedule, which was favorable in toxicity
and showed similar efficacy to that of the RIGHT study, can be a
treatment option after failure with all standard treatments.

CoNncLusION

With good efficacy and acceptable safety profiles, regorafenib
at a lower, continuously administered dose might be an alter-
native treatment in patients with GISTs after imatinib and
sunitinib. Further administration of regorafenib after disease
progression with regorafenib treatment may slow the disease
progression.
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