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abstract

PURPOSE Primary or secondary mutations in KIT or platelet-derived growth factor receptor alpha (PDGFRA)
underlie tyrosine kinase inhibitor resistance in most GI stromal tumors (GISTs). Avapritinib selectively and
potently inhibits KIT- and PDGFRA-mutant kinases. In the phase I NAVIGATOR study (NCT02508532),
avapritinib showed clinical activity against PDGFRA D842V–mutant and later-line KIT-mutant GIST. VOYAGER
(NCT03465722), a phase III study, evaluated efficacy and safety of avapritinib versus regorafenib as third-line or
later treatment in patients with unresectable or metastatic GIST.

PATIENTS AND METHODS VOYAGER randomly assigned patients 1:1 to avapritinib 300 mg once daily (4 weeks
continuously) or regorafenib 160mg once daily (3 weeks on and 1 week off). Primary end point was progression-
free survival (PFS) by central radiology per RECIST version 1.1modified for GIST. Secondary end points included
objective response rate, overall survival, safety, disease control rate, and duration of response. Regorafenib to
avapritinib crossover was permitted upon centrally confirmed disease progression.

RESULTS Four hundred seventy-six patients were randomly assigned (avapritinib, n5 240; regorafenib, n5 236).
Median PFS was not statistically different between avapritinib and regorafenib (hazard ratio, 1.25; 95% CI, 0.99 to
1.57; 4.2 v 5.6 months; P 5 .055). Overall survival data were immature at cutoff. Objective response rates were
17.1%and 7.2%,with durations of responses of 7.6 and 9.4months for avapritinib and regorafenib; disease control
rates were 41.7% (95%CI, 35.4 to 48.2) and 46.2% (95%CI, 39.7 to 52.8). Treatment-related adverse events (any
grade, grade $ 3) were similar for avapritinib (92.5% and 55.2%) and regorafenib (96.2% and 57.7%).

CONCLUSION Primary end point was not met. There was no significant difference in median PFS between
avapritinib and regorafenib in patients with molecularly unselected, late-line GIST.
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INTRODUCTION

GI stromal tumors (GISTs) are the most common sar-
coma of the GI tract,1,2 with estimated incidence be-
tween 1.0 and 1.5/100,000 per year; current estimates
suggest prevalence increasing to almost 10-fold greater
than incidence.2,3 Most GISTs are driven by activating
oncogenic mutations in receptor kinase KIT (approxi-
mately 80%) or platelet-derived growth factor receptor
alpha (PDGFRA; approximately 5%-10%).1,2,4

Treatment guidelines recommend tyrosine kinase in-
hibitor (TKI) imatinib as first-line standard of care for
patients with unresectable or metastatic (U/M) GIST,
followed by TKIs sunitinib, regorafenib, and ripretinib
as second-line, third-line, and fourth-line therapies.5,6

Despite available treatment, U/M GIST remains an
incurable disease and new therapies are needed.7-10

The emergence of heterogeneous tumor subclones
harboring secondary KITmutations in the ATP-binding
pocket (exons 13 and 14) or the activation loop (exons
17 and 18) of the KIT kinase domain confers resis-
tance to imatinib.11-14 Activation loop mutations are
detectable in approximately 44%-67% of KIT-mutant
GIST after treatment with imatinib and are increased to
approximately 82% after treatment with imatinib and
sunitinib.11,13,15,16 In approximately 5%-6% of patients
with U/M GIST, primary activation loop mutations in
PDGFRA amino acid 842, particularly D842V, confer
primary resistance to imatinib and other TKIs.17,18
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Avapritinib (formerly BLU-285; Blueprint Medicines Cor-
poration, Cambridge, MA) is a potent, selective inhibitor of
KIT and PDGFRA tyrosine kinases, with high potency for KIT
D816V–mutant and PDGFRAD842V–mutant kinases.18 In a
phase I study (NAVIGATOR; NCT02508532), avapritinib
demonstrated objective response rates (ORRs) of 21% as
fourth-line or later therapy in patients with advanced mo-
lecularly unselected GIST and 88% in patients with ad-
vanced PDGFRA D842V–mutant GIST, regardless of
previous therapy.19,20 Findings fromNAVIGATOR formed the
basis for US Food and Drug Administration approval of
avapritinib in the United States and European Medicines
Agency approval in Europe for treatment of adults with U/M
GIST harboring a PDGFRA exon 18 mutation, including
D842V mutations.21,22

On the basis of data from NAVIGATOR, a phase III clinical
study to assess the efficacy and safety of avapritinib versus
regorafenib (VOYAGER; NCT03465722) was initiated in
patients with molecularly unselected U/M GIST previously
treated with imatinib and one or two other TKIs. Here we
present outcomes of VOYAGER, which to our knowledge is
the first randomized study in late-line U/M GIST that uses
an active comparator (regorafenib) as a control arm.

PATIENTS AND METHODS

Study Design

VOYAGER was an open-label, randomized, multicenter
phase III study (NCT03465722) comparing avapritinib with
regorafenib in patients with U/M GIST previously treated
with imatinib and one or two additional TKIs. Eligible pa-
tients were randomly assigned 1:1 to receive either oral
avapritinib 300 mg once daily in continuous 28-day cycles
or oral regorafenib 160mg once daily in 28-day, 3 weeks on
and 1 week off cycles (Fig 1). Random assignment was
stratified by TKI treatment (third-line v fourth-line), geo-
graphic region (Asia v other countries), and PDGFRA

D842V status (mutation present v absent) measured by
circulating tumor DNA (ctDNA). Patients who received
avapritinib had the option to escalate to 400 mg once daily
at the investigator’s discretion after specific criteria were
met (per the Protocol, online only). Crossover from regor-
afenib to avapritinib was allowed for patients with centrally
confirmed radiologic disease progression.

The study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice guidelines.
The Protocol was approved by the institutional review board
or independent ethics committee at each study center. All
patients provided written informed consent for data col-
lection supporting these analyses.

Eligibility Criteria

Eligible patients (age $ 18 years) had histologically con-
firmed U/M GIST, previously treated with imatinib and one
or two additional TKIs, and had an Eastern Cooperative
Oncology Group performance status of 0 or 1. Patients were
excluded if they previously received avapritinib, regor-
afenib, or . 3 different TKIs, systemic anticancer therapy
within 2 weeks (1 week following Protocol amendment)
before random assignment, or radiotherapy within 2 weeks
before random assignment or had a known risk for intra-
cranial bleeding (ICB) within 1 year before random
assignment.

Outcomes

The primary end point was progression-free survival (PFS)
on the basis of central radiologic assessment by RECIST
version 1.1 modified for GIST (mRECIST v1.1).7 Key sec-
ondary end points were ORR by mRECIST v1.1 and overall
survival (OS); other secondary end points included safety,
disease control rate (DCR; rate of complete responses and
partial responses [PRs] or stable disease [SD]
lasting $ 16 weeks), and duration of response (DOR) by
central radiology per mRECIST v1.1. A post hoc analysis of
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Key Objective
The phase III VOYAGER study evaluated efficacy and safety of avapritinib versus regorafenib as third-line or later treatment

in patients withmolecularly unselected unresectable or metastatic GI stromal tumor (GIST). To our knowledge, VOYAGER
is the first randomized study in late-line GIST to use an active comparator as a control arm.

Knowledge Generated
Avapritinib was not superior to regorafenib in terms of median progression-free survival (PFS; primary end point) in third-line

or later treatment of patients with unresectable or metastatic GIST. Most patients enrolled had KIT-mutant tumors.
Consistent with previous experience with avapritinib, response rates and PFS remained high and durable in 3% of
patients with platelet-derived growth factor receptor alpha D842V–mutant tumors.

Relevance
As no PFS benefit was observed with avapritinib over regorafenib (intention-to-treat population), our findings do not suggest

any change in later-line treatment paradigms for KIT-mutant GIST. However, avapritinib remains themost active available
agent for patients with platelet-derived growth factor receptor alpha D842V–mutant GIST.
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PFS per investigator assessment in patients who crossed
over from regorafenib to avapritinib was conducted.

Assessments

Tumor assessments, by computed tomography with in-
travenous contrast or magnetic resonance imaging, were
performed at baseline and then every 8 weeks (6 1 week)
counting from Cycle 1 Day 1 until disease progression was
confirmed by central radiology review. Patients who dis-
continued treatment because of reasons other than disease
progression were followed for tumor assessments until
disease progression or death (or loss to follow-up). Target
and nontarget lesions were identified and assessed
according to mRECIST v1.1 by central radiology review.7

Blood samples for characterizing mutation status by ctDNA
were collected at screening and at Day 1 of all cycles up to
the end of the treatment. Samples for ctDNA analysis were
not collected following crossover from regorafenib to
avapritinib. Samples were sent to a central laboratory in the
United States for analysis.

Adverse events (AEs) were evaluated at each visit from the
start of study drug administration up to 30 days after the
final dose and were recorded and coded according to the
Medical Dictionary for Regulatory Activities v18.1. The
severity of AEs was graded using the National Cancer In-
stitute Common Terminology Criteria for Adverse Events.
Cognitive effects were defined as cognitive disorder,
memory impairment, confusional state, or encephalopathy.
ICB was defined as cerebral hemorrhage, intracranial
hemorrhage, or subdural hematoma.

Statistical Methods

The sample size was based on the assumption that the
median PFS (mPFS) for regorafenib was approximately
5 months.23 A sample size of 460 patients (approximately
230 patients per arm) and a minimum of 264 PFS events
were predicted to provide 90%power at a two-sided a value
of .05, assuming a PFS hazard ratio (HR; avapritinib v
regorafenib) of 0.67.

Efficacy was evaluated in all randomly assigned patients
(intention-to-treat [ITT]), and safety was evaluated in all
patients who received $ 1 dose of avapritinib or regor-
afenib. Kaplan-Meier (K-M) estimates were used to assess
PFS and OS. Median follow-up was calculated using re-
verse K-M estimates. The Cox regressionmodel was used to
assess HR and 95% CI. For ORR, 95% CI was estimated
using the Clopper-Pearson method; treatment difference
was estimated using a stratified Cochran-Mantel-Haenszel
test. K-M estimates were used to descriptively summarize
DOR. For DCR, 95% CI was estimated for the ITT pop-
ulation using the Clopper-Pearson method. The cutoff date
for these analyses was March 9, 2020.

RESULTS

Patients

Overall, 476 patients were randomly assigned between
March 26, 2018, and November 15, 2019, in North
America, Europe, Australia, and Asia; 240 patients received
avapritinib, and 236 patients received regorafenib. All
patients on avapritinib started on 300mg, with four patients
escalated to avapritinib 400 mg; all patients on regorafenib

Randomly assigned to avapritinib
(n = 240; ITT population)  

Randomly assigned to regorafenib
(n = 236; ITT population) 

Randomly assigned (N = 476)

Discontinued study treatment                    (n = 171)
    Disease progression by central review    (n = 102)
    Adverse events                                          (n = 30)
    Related adverse events                             (n = 20)
    Clinical progression                                     (n = 17)
    Withdrawal of consent or refused              (n = 9)
        treatment    
   Investigator decision                                     (n = 4)

    Lost to follow-up                                           (n = 3) 
    Administrative or other reasons                  (n = 6)

Discontinued study treatment                     (n = 140)
  Disease progression by central review    (n = 101)
  Adverse events                                             (n = 23)

   Related adverse events                               (n = 13)
 Clinical progression                                       (n = 5)
  Withdrawal of consent or refused
      treatment                                                    (n = 2) 
  Investigator decision                                     (n = 5)
  Lost to follow-up                                            (n = 1)
  Administrative or other reasons                   (n = 3)

Continued treatment (n = 68)

Received ≥ 1 dose of regorafenib
(n = 234; safety population)

Discontinued before initiating treatment (n = 1) Discontinued before initiating treatment  (n = 2)

Continued treatment (n = 94)

Received ≥ 1 dose of avapritinib
(n = 239; safety population)

Crossed over to avapritinib  (n = 99)

FIG 1. CONSORT diagram for the phase III VOYAGER study. ITT, intention-to-treat.
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started on 160 mg. Of the patients randomly assigned to
regorafenib, 41.9% (99 of 236) of patients crossed over to
avapritinib treatment (Fig 1).

In the ITT population, the median age (range) was 61 (31-91)
years, 66.8% (318 of 476) were male, 59.2% (282 of
476) were White, and 25.4% (121 of 476) were recruited
from Asia. All patients received previous treatment with
imatinib, and 95.0% (452 of 476) of patients received
previous treatment with sunitinib. In all, 85.7% (408 of 476)
of patients received two distinct previous TKIs and 14.3%
(68 of 476) of patients received three distinct previous TKIs.
On the basis of baseline ctDNA analysis, a PDGFRA exon
18 mutation was found in 3.8% (18 of 476) of patients, and
30.7% (146 of 476) of patients had mutations other than
PDGFRA exon 18, KIT V654A, KIT T670I, or KIT exon 17;
2.7% (13 of 476) of patients had a D842V mutation in the
activation loop sequence of PDGFRA exon 18. The mu-
tation status in the ctDNA of 28.6% (136 of 476) of patients
was unknown, because of sample unavailability for anal-
ysis, primarily since samples could not be shipped outside
of China (Table 1).

Efficacy

There was no significant difference in mPFS between
avapritinib and regorafenib (HR, 1.25; 95% CI, 0.99 to
1.57; mPFS 4.2 v 5.6 months, respectively; P5 .055). The
shape of the K-M curve was similar in both study arms
(Fig 2A). Similarly, there was no significant difference in
mPFS between subgroups of patients treated with avap-
ritinib and regorafenib as third-line treatment (HR, 1.26;
95% CI, 0.98 to 1.61; mPFS 4.2 v 5.5 months, respectively;
P 5 .068; Fig 2B) or fourth-line treatment (HR, 1.19; 95%
CI, 0.66 to 2.15; mPFS 3.8 v 5.6 months, respectively;
P5 .550; Fig 2C). mPFS in patients from Asia was similar to
that in other countries, with no significant difference in PFS
between avapritinib and regorafenib (HR, 1.14; 95% CI,
0.72 to 1.80; mPFS 3.9 v 5.4 months, respectively;
P 5 .583). Among patients with PDGFRA D842V–mutant
GIST (n5 13), mPFS was significantly higher for the seven
treated with avapritinib (not reached [NR]; 95% CI, 9.7 to
NR) compared with the six treated with regorafenib
(4.5 months; 95% CI, 1.7 to NR; P 5 .035; Fig 2D). When
excluding these 13 patients from the ITT population, mPFS
was statistically higher with regorafenib (HR, 1.34; 95% CI,
1.06 to 1.69; mPFS 3.9 v 5.6 months, respectively;
P 5 .012; Fig 2E). For patients who crossed over from
regorafenib to avapritinib (n 5 99), mPFS by investigator
assessment was 2.6 months (Data Supplement, online
only; 95% CI, 1.84 to 3.71) with a 6-month PFS rate of
24.1%.

At the cutoff date, OS data were immature with the median
follow-up of 8.5 months for avapritinib and 9.6 months for
regorafenib. OS estimates at 12 months were similar for
avapritinib and regorafenib in the ITT population (68.2% v
67.4%, respectively), among patients who were treated as

third-line (67.9% v 68.8%, respectively) or as fourth-line
(67.4% v 60.4%, respectively).

In the ITT population, ORR was significantly higher for
avapritinib (17.1%; 95% CI, 12.5 to 22.5; all PR) com-
pared with regorafenib (7.2%; 95% CI, 4.3 to 11.3; all PR;
P, .001; Table 2). ThemedianDORwas 7.6months (95%CI,
5.6 to NR) for avapritinib and 9.4 months (95% CI, 7.4 to
NR) for regorafenib. ORR was significantly higher for
avapritinib compared with regorafenib even when patients
with PDGFRA D842V–mutant GIST were excluded from
analysis (P , .003; Table 2) and in patients who received
avapritinib or regorafenib as third-line treatment (P, .001;
Table 2). There was no difference in ORR among patients
who received avapritinib or regorafenib as fourth-line
treatment. In patients who received $ 1 dose of avapriti-
nib after crossing over from regorafenib (n 5 96), the ORR
on avapritinib by investigator assessment was 10.4% (95%
CI, 5.1 to 18.3) (Data Supplement). Two patients with
PDGFRA D842V–mutant GIST crossed over from regor-
afenib to avapritinib, and both remained on avapritinib
treatment at the time of the data cutoff (one was in PR, and
the other was yet to have a postavapritinib scan).

In the ITT population, 47.1% of patients had SD and 27.9%
had progressive disease (PD) as best response with
avapritinib, compared with regorafenib with which 67.4%
of patients had SD and 20.8% had PD as best response.
The DCR was 41.7% (95% CI, 35.4 to 48.2) for avapritinib
and 46.2% (95%CI, 39.7 to 52.8) for regorafenib (Table 2).
Similarly, the DCR was 39.9% (95% CI, 33.6 to 46.5) for
avapritinib and 46.5% (95% CI, 39.9 to 53.2) with
regorafenib when patients with PDGFRA D842V–mutant
GIST were excluded (Table 2). Among seven patients with
PDGFRA D842V–mutant GIST treated with avapritinib, the
ORR was 42.9% (95% CI, 9.9 to 81.6; all PR), 57.1% had
SD, no patient had PD, and the DCR was 100.0% (95% CI,
59.0 to 100.0). By contrast, none of the six patients with
PDGFRA D842V–mutant GIST treated with regorafenib had
a radiologic response, 50.0% had SD, 16.7% had PD, and
the DCR was 33.3% (95% CI, 4.3 to 77.7; Data
Supplement).

Safety

In the safety population, incidences of any-grade
treatment-related adverse events (TRAEs) were similar
between patients receiving avapritinib (92.5%) and
regorafenib (96.2%), with 55.2% and 57.7% reporting
grade $ 3 TRAEs, respectively (Table 3). The most com-
mon any-grade TRAEs occurring in$ 30% of patients were
anemia (40.2%), nausea (39.3%), and fatigue (35.1%)
with avapritinib and fatigue (34.2%), diarrhea (34.6%), and
palmar-plantar erythrodysesthesia syndrome (59.0%) with
regorafenib. The rate of discontinuation because of TRAEs
was 8.3% for avapritinib and 5.6% for regorafenib. Overall,
66% (65 of 99) of patients who crossed over from regor-
afenib to avapritinib discontinued treatment; reasons for
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TABLE 1. Demographics and Baseline Characteristics

Characteristic

Patients

Avapritinib (n 5 240) Regorafenib (n 5 236) Total (N 5 476)

Age, median (range), years 61 (31-91) 62 (31-86) 61 (31-91)

Age group, No. (%)

, 65 years 143 (59.6) 144 (61.0) 287 (60.3)

$ 65 years 97 (40.4) 92 (39.0) 189 (39.7)

Sex, No. (%)

Male 162 (67.5) 156 (66.1) 318 (66.8)

Female 78 (32.5) 80 (33.9) 158 (33.2)

Region, No. (%)

North America 73 (30.4) 68 (28.8) 141 (29.6)

Europe and Australia 107 (44.6) 107 (45.3) 214 (45.0)

Asia 60 (25.0) 61 (25.8) 121 (25.4)

Race, No. (%)

Asian 64 (26.7) 64 (27.1) 128 (26.9)

Black or African American 9 (3.8) 5 (2.1) 14 (2.9)

Native Hawaiian or other Pacific Islander 1 (, 1) 1 (, 1) 2 (, 1)

White 139 (57.9) 143 (60.6) 282 (59.2)

Others 11 (4.6) 11 (4.7) 22 (4.6)

Unknown 16 (6.7) 12 (5.1) 28 (5.9)

ECOG PS, No. (%)

0 125 (52.1) 103 (43.6) 228 (47.9)

1 108 (45.0) 131 (55.5) 239 (50.2)

2 7 (2.9) 2 (, 1) 9 (1.9)

Metastatic disease, No. (%) 238 (99.2) 231 (97.9) 469 (98.5)

Largest target lesion size by CRA, No. (%)

# 5 cm 98 (40.8) 69 (29.2) 167 (35.1)

. 5 cm to # 10 cm 83 (34.6) 103 (43.6) 186 (39.1)

. 10 cm 57 (23.8) 61 (25.8) 118 (24.8)

Primary tumor site, No. (%)

Stomach 70 (29.2) 69 (29.2) 139 (29.2)

Duodenum 17 (7.1) 20 (8.5) 37 (7.8)

Jejunum or ileum 37 (15.4) 27 (11.4) 64 (13.4)

Rectum 9 (3.8) 8 (3.4) 17 (3.6)

Omentum 2 (, 1) 1 (, 1) 3 (, 1)

Small intestine 66 (27.5) 67 (28.4) 133 (27.9)

Esophagus 0 3 (1.3) 3 (, 1)

Colon 4 (1.7) 5 (2.1) 9 (1.9)

Peritoneum 8 (3.3) 7 (3.0) 15 (3.2)

Others 27 (11.3) 29 (12.3) 56 (11.8)

Previous treatment, No. (%)

Imatinib 240 (100) 236 (100) 476 (100)

Sunitinib 227 (94.6) 225 (95.3) 452 (95.0)

(continued on following page)
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discontinuation included disease progression (36 of 99
[36.4%]), AEs (10 [10.1%] including 3 [3.0%] because of
TRAEs), clinical progression (7 [7.1%]), administrative or
others (6 [6.1%]), withdrawal of consent (3 [3.0%]), in-
vestigator decision (2 [2.0%]), and patient refused treat-
ment (1 [1.0%]).

AEs that were considered serious (SAEs) occurred in
41.4% of patients treated with avapritinib and 35.9% of
patients treated with regorafenib. Treatment-related SAEs
occurred in 19.7% of patients treated with avapritinib and
in 14.5% of patients treated with regorafenib. Anemia was
the most common treatment-related SAE in patients treated
with avapritinib (any grade, 6.7%; grade $ 3, 5.9%). In
patients treated with regorafenib, the most common any-
grade treatment-related SAEs were diarrhea and pyrexia
(both 1.7%) and the most common grade $ 3 treatment-
related SAEs were diarrhea and GI hemorrhage (both
1.3%).

Cognitive effects of any grade occurred in 25.9% of patients
treated with avapritinib and in 3.8% of patients treated with
regorafenib. Memory impairment and cognitive disorder
were the most common any-grade cognitive effects, with
higher prevalence in patients treated with avapritinib (both
11.7%) compared with regorafenib (2.1% and , 1%,
respectively). Grade$ 3 cognitive effects occurred in three

(1.3%) patients treated with avapritinib, all of whom had
cognitive disorder, and four (1.7%) patients treated with
regorafenib (Table 3), of whom two had confusional state,
one had cognitive disorder, and one had memory impair-
ment. ICB events of any grade occurred in 3 (1.3%) pa-
tients receiving avapritinib. Of the two patients who had a
grade $ 3 ICB event in the avapritinib arm, one had in-
tracranial hemorrhage and the other had a subdural he-
matoma, both of which resulted in treatment
discontinuation. No patients in the regorafenib arm expe-
rienced ICB events (Table 3).

DISCUSSION

To our knowledge, VOYAGER was the first randomized
study in patients with molecularly unselected U/M GIST
postimatinib comparing a novel compound (avapritinib)
with an active comparator (regorafenib). Avapritinib did not
meet the primary end point of superior PFS compared with
regorafenib (HR, 1.25; 95% CI, 0.99 to 1.57) despite
having a significantly higher response rate than regor-
afenib.19 Similar to observations in the NAVIGATOR study,
avapritinib demonstrated antitumor activity in all patients
with PDGFRA D842V–mutant GIST.19 Although the re-
sponse rate among patients with PDGFRA D842V–mutant
GIST treated with avapritinib was lower in VOYAGER

TABLE 1. Demographics and Baseline Characteristics (continued)

Characteristic

Patients

Avapritinib (n 5 240) Regorafenib (n 5 236) Total (N 5 476)

No. of previous TKIs, No. (%)

2 207 (86.3) 201 (85.2) 408 (85.7)

3 33 (13.8) 35 (14.8) 68 (14.3)

Previous surgical resection, No. (%)a 213 (88.8) 208 (88.1) 421 (88.4)

Total debulking 78 (36.6) 90 (43.3) 168 (39.9)

Partial debulking 116 (54.5) 120 (57.7) 236 (56.1)

Others 75 (35.2) 65 (31.3) 140 (33.3)

Baseline ctDNA, No. (%)b

PDGFRA exon 18 11 (4.6) 7 (3.0) 18 (3.8)

PDGFRA D842V 7 (2.9) 6 (2.5) 13 (2.7)

PDGFRA exon 18 not D842V 4 (1.7) 1 (, 1) 5 (1.1)

KIT V654A/T670I (no PDGFRA exon 18 mutation) 33 (13.8) 34 (14.4) 67 (14.1)

KIT exon 17 (no PDGFRA exon 18 or KIT V654A/T670I mutations) 49 (20.4) 60 (25.4) 109 (22.9)

Othersc 80 (33.3) 66 (28.0) 146 (30.7)

Unknown 67 (27.9) 69 (29.2) 136 (28.6)

Abbreviations: CRA, Central Radiographic Assessment; ctDNA, circulating tumor DNA; ECOG PS, Eastern Cooperative Oncology Group performance
status; KIT, KIT proto-oncogene receptor tyrosine kinase; PDGFRA, platelet-derived growth factor receptor alpha; TKI, tyrosine kinase inhibitor.

aPercentages calculated out of the number of patients with prior surgical resection.
bPrimary mutations were not available in this analysis.
cOther includes patients with mutations other than PDGFRA exon 18, KIT V654A/T670I, and KIT exon 17.
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compared with NAVIGATOR, the median follow-up for OS
in VOYAGER was 11.5 months (95% CI, 8.2 to 12.4),
shorter than that reported in NAVIGATOR (27.5 months for
PFS).24 Avapritinib did not show superiority compared with

regorafenib for mPFS in the ITT population, which might be
attributed to the different inhibitory spectrum with avapri-
tinib compared with regorafenib. Avapritinib is a potent
inhibitor of PDGFRA with the activation mutation D842V
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FIG 2. Kaplan-Meier analysis of PFS for patients with U/M GIST treated with avapritinib or regorafenib in (A) the ITT population, (B) patients who
received the study drug as third line treatment, (C) patients who received study drug as fourth line treatment, (D) patients with PDGFRAD842V–mutant
GIST, and (E) patients in the ITT population who did not have PDGFRAD842V–mutant GIST. GIST, GI stromal tumor; HR, hazard ratio; ITT, intention-
to-treat; NR, not reached; PDGFRA, platelet-derived growth factor receptor alpha; PFS, progression-free survival; U/M, unresectable or metastatic.
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TABLE 2. ORR in Patients With Unresectable or Metastatic GIST Treated With Avapritinib Versus Regorafenib

Best Response

ITT Population
ITT Population Without PDGFRA D842V–

Mutant GIST Third-Line Treatment Fourth-Line Treatment

Avapritinib
(n 5 240)

Regorafenib
(n 5 236)

Avapritinib
(n 5 233)

Regorafenib
(n 5 230)

Avapritinib
(n 5 207)

Regorafenib
(n 5 201) Avapritinib (n 5 33)

Regorafenib
(n 5 35)

ORR, % (95% CI) 17.1 (12.5 to 22.5) 7.2 (4.3 to 11.3) 16.3 (11.8 to 21.7) 7.4 (4.4 to 11.6) 16.9 (12.1 to 22.7) 5.5 (2.8 to 9.6) 18.2 (7.0 to 35.5) 17.1 (6.6 to 33.6)

CR, No. (%) 0 0 0 0 0 0 0 0

PR, No. (%) 41 (17.1) 17 (7.2) 38 (16.3) 17 (7.4) 35 (16.9) 11 (5.5) 6 (18.2) 6 (17.1)

SD, No. (%) 113 (47.1) 159 (67.4) 109 (46.8) 156 (67.8) 100 (48.3) 136 (67.7) 13 (39.4) 23 (65.7)

PD, No. (%) 67 (27.9) 49 (20.8) 67 (28.8) 48 (20.9) 59 (28.5) 43 (21.4) 8 (24.2) 6 (17.1)

NE, No. (%) 1 (0.4) 0 1 (0.4) 0 1 (0.5) 0 0 0

Unknown, No.
(%)

18 (7.5) 11 (4.7) 18 (7.7) 9 (3.9) 12 (5.8) 11 (5.5) 6 (18.2) 0

DCR,a % (95%CI) 41.7 (35.4 to 48.2) 46.2 (39.7 to 52.8) 39.9 (33.6 to 46.5) 46.5 (39.9 to 53.2) 41.5 (34.8 to 48.6) 45.8 (38.7 to 52.9) 42.4 (25.5 to 60.8) 48.6 (31.4 to 66.0)

Abbreviations: CR, complete response; DCR, disease control rate; GIST, GI stromal tumor; ITT, intention-to-treat; NE, not evaluable; ORR, objective response rate; PD, progressive disease; PDGFRA,
platelet-derived growth factor receptor alpha; PR, partial response; SD, stable disease.

aDCR was defined as CR, PR, or SD for at least four cycles.
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(on exon 18) and other primary PDGFRA or KIT mutations
(on exon 11 and exon 11/17),18 and of KIT with secondary
activation loop mutations. Avapritinib demonstrates less
potency against KIT mutations on exons 13 and 14 (ATP
binding pocket),18 whereas regorafenib is an inhibitor of KIT
with primary (exons 9 and 11) and secondary (exons 14
and 17) mutations.25 The VOYAGER patient population
included those with various KITmutations and patients with
PDGFRA exon 18–mutant GIST. As such, the relative ef-
ficacy of avapritinib and regorafenib might be influenced by
the underlyingmutational landscape on an individual basis.
Unfortunately, baseline tumor mutation status was not
always known and ctDNA data were not available for all
patients, limiting the feasibility of evaluating the predictive
value of imatinib resistance mutations as detected in

plasma. In addition, primary KIT or PDGFRA mutations in
tumor samples might not have been detectable by ctDNA.
Further analysis of available ctDNA data with respect to
efficacy is warranted.

Another consideration is the statistical assumptions re-
garding PFS made when designing this study. Preliminary
data from the NAVIGATOR study in the regorafenib-naı̈ve
population showed an mPFS of 8.6 months.26 On the basis
of these data, the VOYAGER study design targeted an HR of
0.67 for PFS, which corresponded to an expected im-
provement in mPFS of 2.5months, a 50% increase over the
5 months expected with regorafenib.7 We predicted that
these statistical assumptions on the basis of early NAVI-
GATOR data would be replicated in VOYAGER, providing a

TABLE 3. TRAEs Occurring in $ 15% of Patients in Either Treatment Group

AE

Patients

Avapritinib (n 5 239) Regorafenib (n 5 234)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

TRAEs occurring in $ 15% of patients in either arm, No. (%)

Any TRAE 221 (92.5) 132 (55.2) 225 (96.2) 135 (57.7)

Anemia 96 (40.2) 50 (20.9) 28 (12.0) 6 (2.6)

Nausea 94 (39.3) 2 (, 1) 34 (14.5) 1 (, 1)

Fatigue 84 (35.1) 9 (3.8) 80 (34.2) 12 (5.1)

Blood bilirubin increased 66 (27.6) 12 (5.0) 40 (17.1) 7 (3.0)

Periorbital edema 66 (27.6) 3 (1.3) 0 0

Face edema 65 (27.2) 6 (2.5) 1 (, 1) 0

Diarrhea 50 (20.9) 4 (1.7) 81 (34.6) 16 (6.8)

Peripheral edema 45 (18.8) 1 (, 1) 5 (2.1) 0

Vomiting 44 (18.4) 0 24 (10.3) 3 (1.3)

Decreased appetite 42 (17.6) 2 (, 1) 58 (24.8) 5 (2.1)

Increased lacrimation 42 (17.6) 0 0 0

Decreased WBC count 38 (15.9) 10 (4.2) 6 (2.6) 2 (, 1)

Decreased weight 13 (5.4) 0 37 (15.8) 0

Hypertension 12 (5.0) 4 (1.7) 54 (23.1) 28 (12.0)

Dysphonia 7 (2.9) 0 65 (27.8) 2 (, 1)

Stomatitis 6 (2.5) 0 37 (15.8) 2 (, 1)

Palmar-plantar erythrodysesthesia syndrome 2 (, 1) 0 138 (59.0) 38 (16.2)

Cognitive effects, No. (%) 62 (25.9) 3 (1.3) 9 (3.8) 4 (1.7)

Cognitive disorder 28 (11.7) 3 (1.3) 1 (, 1) 1 (, 1)

Memory impairment 28 (11.7) 0 5 (2.1) 1 (, 1)

Confusional state 10 (4.2) 0 3 (1.3) 2 (, 1)

Encephalopathy 1 (, 1) 0 1 (, 1) 0

ICB, No. (%) 3 (1.3) 2 (, 1) 0 0

Intracranial hemorrhage 3 (1.3) 2 (, 1) 0 0

Subdural hematoma 1 (, 1) 1 (, 1) 0 0

Cerebral hemorrhage 0 0 0 0

Abbreviations: AE, adverse event; ICB, intracranial bleeding; TRAE, treatment-related adverse event.
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robust, clinically significant improvement in PFS. This
highlights the challenge of designing a phase III study on
the basis of early phase I data in GIST, which may be prone
to a selection bias if numbers are too low. Notably, mPFS of
regorafenib was very similar (3-week difference) to the
phase III GRID study.7

Ripretinib was recently approved as fourth-line treatment
for GIST, on the basis of the phase III INVICTUS study, in
which ripretinib showed an ORR of 9% and a PFS of
6.3 months.27 Although crosstrial comparisons should be
made with caution because of differences in study pop-
ulations and conduct, the PFS for avapritinib and regor-
afenib as fourth-line treatments in VOYAGER was
3.8 months and 4.5 months, respectively, whereas re-
sponse rates as fourth-line treatments in VOYAGER were
numerically higher at 18.2% and 17.1%, respectively.

In a post hoc analysis of patients who crossed over from
regorafenib, the mPFS by investigator assessment was
2.6 months, with a 6-month PFS rate of 24.1%. Although
this was not a prespecified analysis, it may still suggest a
clinical benefit in a subset of patients who progressed on
regorafenib. Although similar efficacy was observed be-
tween avapritinib and regorafenib, the AE profile was dis-
tinct for each drug. The rate of some AEs (such as anemia,
nausea, neurocognitive effects, and edema) was higher
with avapritinib, however, the rate of those known to be
particularly challenging with regorafenib (such as hyper-
tension, dysphonia, stomatitis, and palmar-plantar eryth-
rodysesthesia syndrome) was higher with regorafenib. The
AE profile of avapritinib was consistent with that reported in
NAVIGATOR,19 and the AE profile with regorafenib was
consistent with the safety profile of oral multikinase in-
hibitors in patients with GIST.7,28 The rates of grade $ 3
cognitive effects were similar between avapritinib (1.3%)
and regorafenib (1.7%). The rate of grade 1-2 cognitive

effects was higher with avapritinib, consistent with a rela-
tionship to study drug. Notably, the rate of cognitive effects
with avapritinib in this study (25.1%) was lower than that
reported in NAVIGATOR (40.2%).19 In a post hoc analysis
of NAVIGATOR, the rate of cognitive effects was found to be
associated with cumulative exposure to avapritinib and was
higher in patients who started on avapritinib 400 mg versus
avapritinib 300 mg once daily.29 Of note, even low-grade
cognitive effects may be impactful for patients. Thus, dose
interruption until resolution is key to managing these side
effects.29 In VOYAGER, the lower rate of cognitive effects
could be attributed to a uniform starting dose of avapritinib
300 mg, early recognition of cognitive effects, and rapid
intervention, including dose interruption and reduction.
Data that inform on possible mechanisms of action for
cognitive effects observed with avapritinib are limited.
Platelet-derived growth factors and their receptors
(PDGFRs) are expressed in several cell types of the nervous
system30 and play a role in CNS development, but there are
no molecular data providing evidence of PDGFR inhibition
as a mechanism of avapritinib-related cognitive effects.

ICB events occurred in three patients (1.3%) treated with
avapritinib and were managed by dose interruptions, re-
ductions, and/or discontinuations. There were no ICB
events in patients treated with regorafenib. The rate of ICB
events in the VOYAGER study was similar to that in the
NAVIGATOR study, with ICBs reported in one patient
treated with avapritinib 300 mg.19

In conclusion, avapritinib was not superior to regorafenib in
terms of mPFS in third-line or later treatment of patients with
molecularly unselected U/M GIST in the VOYAGER study. As
expected, avapritinib demonstrated a high ORR and pro-
longed DOR in a subgroup of seven patients with PDGFRA
D842V–mutant GIST. The safety profile of avapritinib in
VOYAGERwas consistent with that reported inNAVIGATOR.19
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