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open-label, phase 1 trial
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Summary

Background Targeting of KIT and PDGFRA with imatinib revolutionised treatment in gastrointestinal stromal
tumour; however, PDGFRA Asp842Val (D842V)-mutated gastrointestinal stromal tumour is highly resistant to
tyrosine kinase inhibitors. We aimed to assess the safety, tolerability, and antitumour activity of avapritinib, a novel
KIT and PDGFRA inhibitor that potently inhibits PDGFRA D842V, in patients with advanced gastrointestinal stromal
tumours, including patients with KIT and PDGFRA D842V-mutant gastrointestinal stromal tumours (NAVIGATOR).

Methods NAVIGATOR is a two-part, open-label, dose-escalation and dose-expansion, phase 1 study done at 17 sites across
nine countries (Belgium, France, Germany, Poland, Netherlands, South Korea, Spain, the UK, and the USA). Patients
aged 18 years or older, with an Eastern Cooperative Oncology Group performance status of 2 or less, and with adequate
end-organ function were eligible to participate. The dose-escalation part of the study included patients with unresectable
gastrointestinal stromal tumours. The dose-expansion part of the study included patients with an unresectable PDGFRA
D842V-mutant gastrointestinal stromal tumour regardless of previous therapy or gastrointestinal stromal tumour with
other mutations that either progressed on imatinib and one or more tyrosine kinase inhibitor, or only received imatinib
previously. On the basis of enrolment trends, ongoing review of study data, and evolving knowledge regarding the
gastrointestinal stromal tumour treatment paradigm, it was decided by the sponsor’s medical director together with the
investigators that patients with PDGFRA D842V mutations would be analysed separately; the results from this group of
patients is reported in this Article. Oral avapritinib was administered once daily in the dose-escalation part (starting dose
of 30 mg, with increasing dose levels once daily in continuous 28-day cycles until the maximum tolerated dose or
recommended phase 2 dose was determined; in the dose-expansion part, the starting dose was the maximum tolerated
dose from the dose-escalation part). Primary endpoints were maximum tolerated dose, recommended phase 2 dose, and
safety in the dose-escalation part, and overall response and safety in the dose-expansion part. Safety was assessed in all
patients from the dose-escalation part and all patients with PDGFRA D842V-mutant gastrointestinal stromal tumour in
the dose-expansion part, and activity was assessed in all patients with PDGFRA D842V-mutant gastrointestinal stromal
tumour who received avapritinib and who had at least one target lesion and at least one post-baseline disease assessment
by central radiology. This study is registered with ClinicalTrials.gov, NCT02508532.

Findings Between Oct 26, 2015, and Nov 16, 2018 (data cutoff), 46 patients were enrolled in the dose-escalation part,
including 20 patients with a PDGFRA D842V-mutant gastrointestinal stromal tumour, and 36 patients with a
PDGFRA D842V-mutant gastrointestinal stromal tumour were enrolled in the dose-expansion part. At data cutoff
(Nov 16, 2018), 38 (46%) of 82 patients in the safety population (median follow-up of 19-1 months [IQR 9-2-25-5])
and 37 (66%) of the 56 patients in the PDGFRA D842V population (median follow-up of 15 -9 months [IQR 9-2-24-9])
remained on treatment. The maximum tolerated dose was 400 mg, and the recommended phase 2 dose was 300 mg.
In the safety population (patients with PDGFRA D842V-mutant gastrointestinal stromal tumour from the dose-
escalation and dose-expansion parts, all doses), treatment-related grade 3—4 events occurred in 47 (57%) of 82 patients,
the most common being anaemia (14 [17%)]); there were no treatment-related deaths. In the PDGFRA D842V-mutant
population, 49 (88%; 95% CI 76-95) of 56 patients had an overall response, with five (9%) complete responses and
44 (79%) partial responses. No dose-limiting toxicities were observed at doses of 30-400 mg per day. At 600 mg, two
patients had dose-limiting toxicities (grade 2 hypertension, dermatitis acneiform, and memory impairment in patient
1, and grade 2 hyperbilirubinaemia in patient 2).

Interpretation Avapritinib has a manageable safety profile and has preliminary antitumour activity in patients with
advanced PDGFRA D842V-mutant gastrointestinal stromal tumours.
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Research in context

Evidence before this study

We searched PubMed for studies published in English between
Jan 1, 2015, and Dec 31, 2019, investigating tyrosine kinase
inhibitor treatment of gastrointestinal stromal tumours with
PDGFRA Asp842Val (D842V) mutations. Search terms included
“GIST” plus "PDGFRA” plus “D842V" plus “treatment” plus
[“tyrosine kinase inhibitor” or “imatinib”] plus [ “outcome” or
“safety” or “efficacy”] plus ["“investigation” or “study”]. Out of
six entries returned from PubMed, we identified four
investigations reporting treatment outcomes in patients with
PDGFRA D842V-mutated gastrointestinal stromal tumours; two
of the articles reported on in-vitro and cytogenetic analyses and
were therefore not relevant. All four articles reported on
retrospective investigations of imatinib treatment in patients
with PDGFRA-mutated gastrointestinal stromal tumours.
Subgroups of patients with PDGRFA D842V-mutated
gastrointestinal stromal tumours with treatment-related data
included five to 31 patients. Overall response rates were 0-12%,
and other efficacy measures were reported as notably worse in
patients with D842V PDGFRA mutations than in those with non-
D842V PDGFRA mutations. Investigators concluded that
imatinib has little efficacy in gastrointestinal stromal tumours
with D842V mutations, although investigators from one study
noted that in the absence of better treatment options imatinib
should not be universally withheld given the (albeit limited)
possibility of some response. One study also reported results in
six patients with D842V mutations treated with sunitinib, none
of whom had an objective response.

Introduction
Oncogenic mutations in the genes encoding receptor
tyrosine kinases KIT and PDGFRA are the driver
mutations in more than 85% of gastrointestinal stromal
tumours, the most common sarcoma of the gastro-
intestinal tract.” Targeting of KIT or PDGFRA with
imatinib revolutionised treatment for patients with
metastatic or unresectable gastrointestinal stromal
tumours, changing a uniformly fatal cancer to a man-
ageable disease with durable responses and improved
overall survival.® However, imatinib and other approved
agents do not target PDGFRA Asp842Val (D842V), which
is the primary driver mutation in 5-6% of gastrointestinal
stromal tumours.” Patients with advanced D842V-
mutant gastrointestinal stromal tumours have a poor
prognosis, similar to that of all patients with gastro-
intestinal stromal tumours in the pre-imatinib era,
because approved agents provide essentially no objective
responses, and median progression-free survival and
overall survival are only 3-5 months and approximately
15 montbhs, respectively.*™

The D842V mutation occurs in the region of the gene
encoding the PDGFRA activation loop (exon 18) and
shifts the kinase into the active conformation, which
drives oncogenic signalling and renders the kinase

Added value of this study

To our knowledge, the NAVIGATOR trial is the first
prospective study to investigate treatment of D842V-
mutated gastrointestinal stromal tumours with avapritinib.
Our data show that avapritinib is clinically active in patients
with D842V-mutated gastrointestinal stromal tumours.
Most adverse events associated with avapritinib were

grade 1-2; these adverse events were generally proportional
to dose and exposure. Although cognitive effects are a
concern, these effects were manageable for most patients
through dose modifications, including dose interruptions
with or without dose reductions; two (2%) of 82 patients
discontinued treatment because of intracranial bleeding.
Overall, we found that avapritinib had clinical activity and a
manageable safety profile in patients with advanced,
PDGFRA D842V-driven gastrointestinal stromal tumours.

Implications of all the available evidence

Gastrointestinal stromal tumours are a molecularly
heterogeneous disease driven by various oncogenic primary
and secondary KIT and PDGFRA mutants. Findings from our
study suggest that avapritinib has preliminary antitumour
activity in the unique subset of gastrointestinal stromal
tumours harbouring the PDGFRA D842V mutation, a subset
that has been refractory to all currently approved tyrosine
kinase inhibitors. Avapritinib might have the potential to
improve the outcome of these patients with advanced PDGFRA
D842V-mutated gastrointestinal stromal tumours.

largely resistant to imatinib and other type 2 tyrosine
kinase inhibitors that preferentially bind to the inactive
conformation."? Avapritinib (also known as BLU-285)
was designed to potently and selectively target the active
conformation of KIT and PDGFRA via a type 1 inhibi-
tion mechanism.”” In preclinical studies, avapritinib
demonstrated notable selectivity within the kinome for
KIT and PDGFRA, potent biochemical activity against
KIT and PDGFRA, including PDGFRA D842V (half
maximal inhibitory concentration [IC]=0-2 nM), and in-
vivo efficacy against gastrointestinal stromal tumour
xenografts that were resistant to imatinib.”

We aimed to evaluate the safety, tolerability, and anti-
tumour activity of avapritinib in patients with advanced
gastrointestinal stromal tumours, including patients
with KIT and PDGFRA D842V-mutant gastrointestinal
stromal tumours.

Methods

Study design and participants

NAVIGATOR is a two-part, open-label, dose-escalation
and dose-expansion, phase 1 study done at 17 sites across
nine countries (Belgium, France, Germany, Poland,
Netherlands, South Korea, Spain, the UK, and the USA;
appendix p 1). Dose escalation followed a 3 + 3 design for
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determination of the maximum tolerated dose (defined
as the highest dose with no more than one dose-limiting
toxicity in six patients) or the recommended phase 2
dose (observations related to pharmacokinetics, pharma-
codynamics, and any cumulative toxicity after multiple
cycles were included in the rationale supporting the dose
to use during dose expansion set below the maximum
tolerated dose). Three patients were initially enrolled per
dose-escalation cohort, and three additional patients
were enrolled if the cohort required expansion because of
dose-limiting toxicities. Additional accrual was allowed to
doses previously determined to be tolerable (enrichment
cohorts). Dose expansion included three prespecified
groups. The original study design included two groups:
patients who progressed following imatinib plus one or
more other approved tyrosine kinase inhibitor and no
known PDGFRA D842V mutation (group 1), and patients
with PDGFRA D842V-mutant gastrointestinal stromal
tumours regardless of previous therapy (group 2). On the
basis of encouraging initial activity and favourable
tolerability, a third expansion group was added: patients
without D842V mutations who had received only
previous imatinib (group 3). All protocol modifications,
including those increasing the number of patients and
cohorts in the expansion part, are described and justified
in the trial protocol version dated Feb 28, 2018.

Patients who were aged 18 years or older, had an
Eastern Cooperative Oncology Group performance
status of 2 or less, and had adequate end-organ function
were eligible to participate. The dose-escalation part of
the trial was open to patients with histologically or
cytologically confirmed refractory solid tumours or
unresectable gastrointestinal stromal tumour; however,
only patients with gastrointestinal stromal tumours were
enrolled. The dose-expansion part included patients who
had unresectable gastrointestinal stromal tumours with
one or more measurable target lesions per modified
Response Evaluation Criteria in Solid Tumors, version 1.1
(mRECIST 1.1; for patients with gastrointestinal stromal
tumour) in addition to the inclusion criteria specific to
each prespecified group: patients with disease progres-
sion following imatinib plus one or more other kinase
inhibitors and no known D842V mutation (group 1);
patients with PDGFRA D842V-mutant gastrointestinal
stromal tumours (mutation identified by local or central
assessment on an archival tissue sample, a new tumour
biopsy, or circulating tumour DNA obtained before
avapritinib treatment) regardless of previous therapy
(group 2); and patients who had received only imatinib
and no known D842V mutation (group 3). A full list of
inclusion and exclusion criteria are in the protocol. The
statistical analysis plan prespecified selected analyses
based on the line of tyrosine kinase inhibitor therapy and
gastrointestinal stromal tumour mutation types. On the
basis of enrolment trends, ongoing review of study data,
and evolving knowledge regarding the gastrointestinal
stromal tumour treatment paradigm, it was decided by
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the sponsor’s medical director in combination with the
investigators that patients with PDGFRA D842V muta-
tions (group 2) would be analysed separately, and there-
fore this Article focuses on the safety and antitumour
activity of avapritinib in this population.

The study was done in accordance with the ethical
principles of the Declaration of Helsinki and was con-
sistent with the International Conference on Harmon-
isation Good Clinical Practice and applicable regulatory
requirements. The institutional review board or inde-
pendent ethics committee of each study centre approved
the study. All patients provided written, informed
consent. The study protocol in included in the appendix.

Procedures

In the dose-escalation part, the first cohort of patients
received a starting dose of oral avapritinib 30 mg once
daily; increasing dose levels once daily in continuous
28-day cycles occurred until determination of the
maximum tolerated dose or the recommended phase 2
dose. To minimise the number of patients treated at
potentially inactive doses, intrapatient dose escalation
was permitted after a patient had completed at least two
cycles of treatment without having grade 3 or worse
toxicity. The patient’s dose could then be escalated to a
dose that had been reviewed at a dose-escalation meeting
and did not exceed the maximum tolerated dose. Dose
escalation was not permitted after dose reduction due to
an adverse event.

In the dose-expansion part, the maximum tolerated
dose (400 mg) from the dose-escalation part was used as
the starting dose; however, this dose was subsequently
reduced to 300 mg, which was identified as the recom-
mended phase 2 dose. For each individual patient dose
interruption, reductions and treatment discontinuation
decisions were made considering the dose-modification
guidelines for avapritinib-related toxicity (appendix p 5),
which determined treatment interruption for any grade 3
or 4 toxicity until it was resolved to grade 2 or better;
treatment would then resume at a dose generally reduced
by 100 mg from the dose (300 or 200 mg) received at time
of the event or restarted at 100 mg. Patients were
anticipated to receive at least one 28-day cycle of oral
daily avapritinib during the dose-expansion part of the
study; no maximum treatment duration was set. Treat-
ment could continue until precluded by toxicity, non-
compliance, withdrawal of consent, physician decision,
progressive disease, death, or closure of the study.

Formalin-fixed, paraffin-embedded tumour samples
from archival tissue, or a new tumour biopsy, were used
for PDGFRA mutation testing. All patients with PDGFRA
D842V-mutant gastrointestinal stromal tumours were
enrolled on the basis of local available mutation testing.
On study, PDGFRA mutation status was determined
centrally in plasma with the OncoBEAMPDGFRA assay
(Sysmex Hamburg, Hamburg, Germany) for dose
escalation to evaluate pharmacodynamics and to explore
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the mechanism of resistance. In the dose-expansion part,
the PGDx PlasmaSELECT-R next-generation sequencing
panel (Personal Genome Diagnostics, Baltimore, MD,
USA) was used. Mutational PDGFRA D842V status in
patients included in the efficacy analysis was also assessed
using a modified version of the CancerSELECT125 assay
(Personal Genome Diagnostics) as part of the exploratory
analysis.

Adverse events were evaluated at each follow-up visit
(days =3, =2, -1, and days 1, 8, 15, and 22 in cycle 1, and
days 1and 15 in cycle 2 in the dose-escalation part; days 1,
2, and 15 in cycle 1 and day 1 in cycle 2 in the dose-
expansion part; and day 1 of cycle 3 and all subsequent
cycles until cycle 13 in both dose-escalation and dose-
expansion parts) from the start of study drug
administration up to 30 days after the final dose, and
were graded according to the US National Cancer
Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE; version 4.03). Clinical laboratory
investigations for haematology, coagulation, and serum
chemistry parameters were done at screening, baseline
(day -3 of the pharmacokinetics lead-in stage in the dose-
escalation part or day 1 of cycle 1 in the dose-expansion
part), cycle 1 (day 8 in the dose-escalation and dose-
expansion parts; day 15 in the dose-escalation part; and
day 22 in the dose-escalation and dose-expansion parts),
cycle 2 (days 1 and 15 in the dose-escalation and dose-
expansion parts), cycle 3 and onward cycles (day 1 in the
dose-escalation and dose-expansion parts), and 14 days
after the last dose of treatment. Urinalysis was done at
screening, baseline (day 3 in the dose-escalation part or
day 1 of cycle 1 in the dose-expansion part) and 14 days
after the last dose of treatment. All patients underwent
tumour imaging for response assessment via CT or MRI
at screening, on day 1 of cycle 3, every two cycles up to
and including cycle 13, and then every 3 months until
progression or discontinuation. Target and non-target
lesions were assessed per mRECIST 1.1 (appendix p 3)*
for gastrointestinal stromal tumours by independent,
blinded, central radiographic review (BioTelemetry,
Rockville, MD, USA). In the dose-escalation part, serial
blood samples were collected pre-dose and at multiple
timepoints through cycle 4; pharmacokinetic parameters
were calculated from the plasma concentration—time
data using standard non-compartmental methods. For
day 15 of cycle 1, the area under the plasma concentration—
time curve over the dosing interval (1=24 h) at steady
state (AUC,.,) was calculated using a population
pharmacokinetic model-derived avapritinib concen-
tration at pre-dose, and at 0-5 h, 1 h, 2 h, 4 h, 8 h, and
24 h after the previous dose. Detailed methods and
plasma sample collection times are presented in the
appendix (p 7).

Outcomes
The primary endpoints in the dose-escalation part were
determination of the maximum tolerated dose and

recommended phase 2 dose of avapritinib as well as
evaluation of safety. The primary endpoints in the dose-
expansion part were evaluation of the overall response
rate (defined as the proportion of patients with a partial
or complete response by central radiology review per
mRECIST 1.1), and the overall safety profile of avapritinib.
Pharmacokinetics, the clinical benefit rate, duration of
response, and progression-free survival per mRECIST 1.1
were secondary endpoints, and overall survival was a
prespecified exploratory endpoint, all of which are
reported here. Clinical benefit rate was defined as the
proportion of patients with a confirmed complete or
partial response of any duration or stable disease for at
least 16 weeks from the start of treatment. Duration of
response was defined as the time from first documented
response (complete or partial) to the date of first
documented disease progression or death due to any
cause, whichever occurred first. Progression-free survival
was defined as the time from the start of treatment to the
date of first documented disease progression or death
due to any cause, whichever occurred first. Overall
survival was defined as the time from start of treatment
to the date of death; patients who died before or on the
data cutoff date were considered to have had an event,
otherwise they were censored at the last date known
alive. Additional secondary endpoints, which will be
reported elsewhere as they have not been analysed yet,
include response rate by Choi criteria, progression-free
survival on last previous anticancer therapy, assessment
of additional cancer-relevant mutations (baseline and
end of treatment), and changes from baseline of their
mutant allele fraction in peripheral blood.

Statistical analysis

The dose-determining population, defined as all patients
who completed cycle 1 of treatment and received at least
75% of their prescribed doses or experienced a dose-
limiting toxicity in cycle 1in the dose-escalation part, was
used to determine the maximum tolerated dose. The
maximum tolerated dose was defined as the highest dose
level with no more than one dose-limiting toxicity in six
patients. The safety population included all patients from
the dose-escalation part and all patients with PDGFRA
D842V-mutant gastrointestinal stromal tumours in the
dose-expansion part. We summarise safety results using
descriptive statistics. Reporting of safety results by dose
level was prespecified in the statistical analysis plan.

The D842V population included all patients with
PDGFRA D842V-mutant gastrointestinal stromal tumours
who received avapritinib in either the dose-escalation or
dose-expansion part. We evaluated antitumour activity in
patients from the D842V population who had at least
one target lesion and at least one post-baseline disease
assessment by central radiology.

In the dose-expansion part, for the primary endpoint of
overall response rate, a sample size of 31 patients allowed
testing the null hypothesis of an overall response rate of
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| 46 patients enrolled in the dose-escalation part |

v

v

| 191 patients enrolled in the dose-expansion part*

v

A4

v

23 patients with
KIT-mutant gastro-
intestinal stromal
tumour

23 patients with PDGFRA-
mutant gastrointestinal
stromal tumour

36 patients with
D842V mutations
(group 2)

117 patients without
D842V mutations
treated with imatinib
plus one or more other

38 patients without
D842V mutations
treated with one
previous line of imatinib

TKIs (group 1) therapy (group 3)*

v v

20 with D842V
mutations

3 with mutations
otherthan D842V

——

| 56 included in efficacy analysist |

A4

82 included in safety analysist |

Figure 1: Patient disposition

D842V=Asp842Val. TKI=tyrosine kinase inhibitor. *Enrolment at the data cutoff of Nov 16, 2018. At the data cutoff, enrolment in group 3 was ongoing.

+The D842V population included all patients with PDGFRA D842V mutations from the dose-escalation and dose-expansion parts. All patients in the D842V
population received at least one dose of study medication and met criteria for inclusion in the response-evaluable population (patients with at least one target
lesion and at least one post-baseline disease assessment by central radiology). 1 The safety population included all patients in the dose-escalation part and

patients with D842V mutations in the dose-expansion part.

10% or less versus the alternative hypothesis of an overall
response rate of 35% or more with 90% power, assuming
a two-sided type I error rate of 0-05; we calculated
estimates and 95% CIs based on the exact binomial
distribution. We used Kaplan-Meier methods to estimate
duration of response, progression-free survival, and
overall survival; 95% CIs are provided. We also calcu-
lated estimated duration of response, progression-free
survival, and overall survival rates at certain timepoints
(duration of response: 12 months; progression-free
survival: 3, 6, and 12 months; and overall survival: 6, 12,
and 24 months). Efficacy results were summarised by
daily starting dose and/or subpopulations according
to the prespecification in the statistical analysis plan.
Efficacy results for patients with KIT-mutant gastro-
intestinal stromal tumours will be reported separately.
All statistical analyses were done with SAS (version 9.3
or higher).

This study is
NCT02508532.

registered with ClinicalTrials.gov,

Role of the funding source

The study was designed by the funder together with the
study investigators. The funder collected, analysed, and
interpreted the data in conjunction with the authors. The
authors wrote the first draft of the manuscript with
editorial support from a medical writer paid for by the
funder. Bioanalysis of plasma samples was done by
Frontage Laboratories (Exton, PA, USA), and pharma-
cokinetic parameters were calculated by Model Answers

www.thelancet.com/oncology Vol 21 July 2020

(Brisbane, Australia) under the paid supervision of the
funder. MCH, TZ, MR, and BBW had access to all of the
raw data; each investigator had access to the raw data of
all patients they enrolled and any other data requested.
The corresponding author had final responsibility for the
decision to submit for publication.

Results

Between Oct 26, 2015, and Jan 9, 2017, 46 patients were
enrolled in the dose-escalation part, including 25 patients
in the dose-escalation cohorts and 21 patients in the
enrichment cohorts (appendix pp 8, 18). On the basis of
early observations of activity enrolment to the
enrichment cohorts was restricted to patients with
PDGFRA D842V-mutant gastrointestinal stromal tu-
mours. At the data cutoff date of Nov 16, 2018, the dose-
escalation part included 20 patients with PDGFRA
D842V mutations, 23 patients with a KIT mutation, and
three patients with non-D842V PDGFRA mutations
(figure 1).

36 patients with PDGFRA D842V-mutant gastro-
intestinal stromal tumours were enrolled in the dose-
expansion part between Feb 15, 2017, and April 10, 2018.
Altogether, the safety population included 82 patients
and the D842V population 56 patients, all of whom were
evaluable for response and are included in the efficacy
analysis in this study (figure 1).

In the safety population, the median age was 62 years
(IQR 54-68), 49 (60%) of 82 patients were men, and
62 (76%) were white (table 1); 80 (98%) patients had
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Safety population
(n=82)

Age, years 62 (54-68)
Sex

Men 49 (60%)

Women 33 (40%)
Race

Asian 6 (7%)

Black or African American 5 (6%)

White 62 (76%)

Unknown or other 9 (11%)
Primary mutation status

PDGFRA exon 18 D842V 56 (68%)

PDGFRA exon 18 non-D842V 2 (<1%)

PDGFRA exon 14 1(<1%)

KIT 23 (28%)
ECOG performance status

0 33 (40%)

1 46 (56%)

2 3 (4%)
Metastatic disease 80 (98%)

Primary tumour site of gastrointestinal stromal tumour

Stomach 54 (66%)
Small intestine* 16 (20%)
Large intestinet 2 (2%)
Omentum 2 (2%)
Peritoneum 5 (6%)
Oesophagus 1(1%)
Other 2 (2%)
Largest target lesion size
<s5cm 35 (43%)
>5to <10 cm 26 (32%)
>10 cm 20 (24%)
No target lesion 1(<1%)
Number of previous tyrosine kinase inhibitors
0 11 (13%)
1 22 (27%)
2 13 (16%)
3 10 (12%)
4 9 (11%)
25 17 (21%)

Data are median (IQR) or n (%). Proportions might not add to 100% as a result of
rounding. ECOG=Eastern Cooperative Oncology Group. *Small intestine,
duodenum, jejunum, or ileum. tColon and rectum.

Table 1: Baseline characteristics

metastatic disease with at least one target lesion of
more than 5 cm (46 [56%] patients) and were treated
with at least one previous tyrosine kinase inhibitor
(71 [87%)] patients). Baseline characteristics of the safety
and D842V populations were generally similar, except for
mutational status and median number of previous
tyrosine kinase inhibitors (two vs one; appendix p 9).
Median follow-up for the 82 patients in the safety
population was 19-1 months (IQR 9-2-25-5). The

46 patients enrolled in the dose-escalation part received
avapritinib doses of 30-600 mg once daily. 44 patients met
the criteria to be included in the dose-determining
population; two patients were excluded because they did
not receive at least 75% of their prescribed doses. No
cycle 1 dose-limiting toxicities were observed at doses
of 30400 mg per day (appendix p 18). At 600 mg,
two patients had cycle 1 dose-limiting toxicities (grade 2
hypertension, dermatitis acneiform, and memory impair-
ment in patient 1, and grade 2 hyperbilirubinaemia in
patient 2). Both patients had temporary dose inter-
ruptions and resumed dosing at 400 mg. Avapritinib
400 mg was considered the maximum tolerated dose and
chosen as the starting dose for dose expansion. The dose-
expansion part starting dose was subsequently reduced to
300 mg after joint investigator and sponsor review of
available safety, pharmacokinetic (full pharmacokinetic
results are included in the appendix pp 11-14, 19), pharma-
codynamic, and clinical activity data (pharmacodynamic
and clinical activity data are not available yet and will be
published elsewhere). Emerging data during early expan-
sion suggested a higher incidence of grade 3 cognitive
adverse events and further dose reductions with the
400 mg starting dose after multiple cycles of treatment.
On the basis of these factors, and data suggesting a
similar preliminary antitumour activity, 300 mg was
considered the recommended phase 2 dose and used as
the starting dose for the remainder of the study.

Most treatment-related adverse events were grade 1-2
(table 2). At the 300 mg dose, the most common
treatment-related grade 1-2 events were nausea (22 [69%)]
of 32 patients), diarrhoea (13 [41%]), decreased appetite
(12 [38%]), and fatigue (12 [38%)]), and at the 400 mg dose
the most common treatment-related grade 1-2 events
were nausea (12 [71%] of 17 patients), vomiting (eight
[47%)]), fatigue (eight [47%)]), and periorbital oedema
(eight [47%]). Across doses, treatment-related grade 3—4
events occurred in 47 (57%) of 82 patients, the most
common being anaemia (14 [17%]). Drug-related serious
adverse events (any grade) occurred in 21 (26%) of
82 patients, of which the majority were grade 3; the most
common (any grade) were anaemia and pleural effusion
(three [4%)] patients each) and diarrhoea and vertigo
(two [2%] patients each).

Two categories were determined as adverse events of
special interest: cognitive effects and intracranial bleeding
(appendix p 15). Cognitive effects (any cause) occurred in
33 (40%) of 82 patients and included memory impairment
(25 [30%]), cognitive disorder (eight [10%)]), confusional
state (seven [9%]), and encephalopathy (two [2%]).
Cognitive effects were primarily grade 1 (19 [23%)]) and
resulted in treatment discontinuation in two (2%) patients.
Intracranial bleeding occurred in two (2%) patients. Both
events were grade 3, non-fatal, considered possibly related
to the study drug, and improved or resolved following
treatment discontinuation. The study drug was not
restarted in either patient. A total of 69 (84%) of 82 patients
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required at least one dose reduction or treatment inter-
ruption. The median daily dose was 229 mg (range 30-478)
in the 82 patients in the safety population. Relative dose
intensity is shown in the appendix (p 16).

In the safety population, 44 (54%) of 82 patients
discontinued treatment. The most common reasons for
treatment discontinuation were disease progression
(determined by an investigator; 26 [32%]) and adverse
events (15 [18%]), ten (12%) of which were considered to
be related to avapritinib (appendix p 17). 11 (13%) deaths
were reported; causes were related to patients’ general

All doses (n=56) 300 mg (n=28)

Complete response

Partial response
response)

Stable disease

at least 16 weeks)

Progressive disease

Overall response (partial plus complete

Clinical benefit (complete response or
partial response plus stable disease lasting

D842V=Asp842Val. mRECIST=Response Evaluation Criteria in Solid Tumors modified for patients with
gastrointestinal stromal tumour. *Data cutoff on Nov 16, 2018.

5(9%) 1(4%)
44.(79%) 25 (89%)
49 (88%; 95% C1 76-95) 26 (93%; 95% C1 77-99)

7 (13%) 2(7%)
55 (98%; 95% C1 90-100) 28 (100%; 95% Cl 88-100)

0 0

Table 3: Best confirmed response by central assessment per mRECIST (version 1.1) in patients with
PDGFRA D842V-mutant gastrointestinal stromal tumour*

942

physical health (three [4%)] patients), disease progression
(three [4%]), cardiac failure (one [1%)]), hepatic failure
(one [1%]), hyperbilirubinaemia (one [1%]), metastatic
neoplasm (one [1%)]), and sepsis (one [1%]). There were
no treatment-related deaths. As of the data cutoff,
38 (46%) of the 82 patients in the safety population
remained on treatment. Of the D842V population,
19 (34%) of 56 patients discontinued treatment. Most
common reasons for treatment discontinuation included
disease progression (four [7%]) and adverse events
(12 [21%)]), eight (14%) of which were considered to be
related to avapritinib.

In the D842V population, confirmed overall responses
per central radiology mRECIST 1.1 assessments were
seen in 49 (88%; 95% CI 76-95) of the 56 patients
(five [9%)] patients had a complete response, 44 [79%] had
a partial response, and seven [13%] had stable disease;
table 3; figure 2; appendix p 20) treated at any dose level.
Clinical benefit was seen in 55 (98%; 95% CI 90-100)
patients. The 12-month duration of response was 70%
(95% CI 54-87; figure 3A). Progression-free survival was
100% (95% CI 100-100) at 3 months, 94% (88-100) at
6 months, and 81% (69-93) at 12 months (figure 3B). As
of the data cutoff, 37 (66%) of the 56 patients in the
D842V population remained on treatment with a median
follow-up of 15-9 months (IQR 9-2-24-9) for the overall
survival analysis. Overall survival was estimated to be

100+

80

60

40

-204

~40

-60-

-804

Maximal percentage change in sum of target lesion diameters from baseline (%)

-120

20— == e

2100} === = e

- SD

PR

Patients

Figure 2: Maximal percentage change in sum of target lesion diameters from baseline in patients with PDGFRA D842V-mutant gastrointestinal stromal

tumours

Horizontal dashed lines denoting complete response, partial response, stable disease, and progressive disease refer only to response in target lesions. CR=complete
response. D842V=Asp842Val. PD=progressive disease. PR=partial response. SD=stable disease.
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100% (95% CI 100-100) at 6 months, 91% (83-100) at 24 months. Data were not sufficiently mature as of the
12 months, and 81% (67-94) at 24 months (figure 3C). data cutoff to allow accurate estimation of median values
11 patients had progression events (ie, disease pro- for duration of response, progression-free survival, and
gression or death) and seven patients had died by overall survival. Among patients who received a 300 mg

A Duration of response*
100

o
s

60—

40+

Responding patients (%)

20

0 3 é 12 18 24

Time from first documented response (months)
Number at risk

(number censored) 49 (0) 45(3) 31(12) 16(23) 8(30) 4(34)

B Progression-free survival
100

(o]
T

60—

404

Progression-free survival (%)

Number at risk
(number censored) 56 (0) 55(1) 48 (5) 25(23) 18(28) 7(38)

C Overall survival
100 + t +—+

) % R
S
= 60
2
2
2
§ 4o
>
S
20
0 T T T T 1
0 3 6 12 18 24
Time from first dose (months)
Number at risk
(number censored) 56 (0) 55(1) 53(3) 31(21) 24(27) 13(36)

Figure 3: Duration of response (A), progression-free survival (B), and overall survival (C) in patients with PDGFRA D842V-mutant gastrointestinal stromal
tumours
D842V=Asp842Val. *Evaluated only in patients with complete or partial response.
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starting dose, 26 (overall response rate 93%; 95% CI
77-99) had an objective response (post-hoc analysis).

Discussion

Although imatinib revolutionised care for most patients
with advanced gastrointestinal stromal tumours, patients
with PDGFRA D842V-mutant gastrointestinal stromal
tumours rarely respond to imatinib or other approved
multikinase inhibitors.””** Our study shows that
avapritinib has clinical activity with durable responses
and a manageable safety profile in patients with advan-
ced PDGFRA D842V-driven gastrointestinal stromal
tumours. These results suggest that PDGFRA D842V is a
relevant target, and highlight that potent and selective
inhibitors such as avapritinib can demonstrate clinical
benefit in early clinical testing when administered to
genomically defined patient populations.

Based on central radiology review, avapritinib induced
tumour reductions in 55 of 56 patients with PDGFRA
D842V-mutant gastrointestinal stromal tumours, with
88% achieving a partial or complete response. This finding
is particularly encouraging given that 96% of patients in
the D842V population had metastatic disease and 61% had
target lesions of more than 5 cm. By contrast, previous
experience with imatinib, sunitinib, and regorafenib
(type 1 or 2 tyrosine kinase inhibitors) has demonstrated
little response or disease stabilisation in D842V gastro-
intestinal stromal tumours.*® Clinical activity in D842V
gastrointestinal stromal tumours has also been reported
with the investigational type 1 inhibitor crenolanib,” sug-
gesting that a type 1 mechanism might be required for
efficacy against PDGFRA D842V and other activation loop
mutations. Supporting this notion, avapritinib has also
been shown to have activity in advanced systemic masto-
cytosis, a mast cell neoplasm driven by the KIT D816V
activation loop mutant, which is structurally homologous
to the PDGFRA D842V mutant.”"

Response to avapritinib in PDGFRA D842V-mutated
gastrointestinal stromal tumours was durable, despite
most patients having received previous kinase inhibitor
therapy. The duration of response, progression-free
survival, and overall survival observed in this study was
longer than that observed previously with imatinib,*
suggesting that avapritinib could potentially provide
better clinical benefit in D842V-mutated gastrointestinal
stromal tumours, although formal comparison in a
randomised trial is needed to confirm this hypothesis.
Before the use of imatinib to treat advanced gastro-
intestinal stromal tumours, prognosis was poor, with
median overall survival expected to be 10-20 months.
However, outcomes improved with the approval of
imatinib, with response rates of 54% or higher, median
progression-free survival of 20-24 months, and median
overall survival of 50-55 months.”*

Most treatment-related adverse events among the
patients treated with avapritinib were grade 1 or 2 and
were generally proportional to dose and exposure.

Treatment-related adverse events infrequently led to
treatment discontinuation and were generally manage-
able with standard supportive medical treatments and
dose modifications. Overall, few patients discontinued
treatment because of adverse events. Many of the events
observed with avapritinib, including nausea, vomiting,
anaemia, and oedema, are also reported with imatinib
and other KIT and PDGFRA inhibitors."* By contrast,
hypertension and hand-foot skin reactions—toxicities
associated with multi-kinase inhibitors active against the
vascular endothelial growth factor receptor**—were
uncommon.

Cognitive effects with avapritinib were reported in
approximately 40% of patients. Similar events have been
reported with other kinase inhibitors that penetrate the
CNS, such as lorlatinib® and larotrectinib.* Cognitive
effects were typically grade 1 and were manageable,
showing improvement or resolution with modifications
including dose interruptions with or without dose
reductions. The incidence and severity of cognitive effects
were higher at 400 mg (used during dose escalation and
early phases of expansion) than 300 mg, determining the
latter to be used for the remainder of the study.

Rare intracranial bleeding events reported in
two patients from the safety population occurred, but
resolved or improved with treatment discontinuation.
Whether KIT or PDGFRA inhibition accounts for the
cognitive effects and intracranial bleeding remains to be
established.”?

There are several limitations in the data presented
here. First, NAVIGATOR is an open-label, single-arm,
phase 1 study. Besides a small sample size due to the
rarity of D842V-mutant gastrointestinal stromal tumours,
there was no control group to comprehensively char-
acterise the safety features. Second, at the time of
the analysis, the secondary endpoints of duration of
response, progression-free survival, and overall survival
were not sufficiently mature to further interpret the
outcomes. Finally, because few patients had disease
progression at the time of the data cutoff, PDGFRA
D842V resistance mechanisms remain unknown.

A key strength of this trial was the use of a blinded,
independent central radiology review for tumour
measurements, thereby eliminating potential bias asso-
ciated with investigator assessments. Another important
aspect of the NAVIGATOR study design was inclusion of
multiple preplanned molecularly defined patient groups,
including patients with PDGFRA D842V mutations.
Avapritinib has also demonstrated promising activity in
patients with PDGFRA activation loop mutations besides
D842V, as well as in patients with heavily pretreated
KIT-mutant gastrointestinal stromal tumours.” Given
the heterogeneous nature of gastrointestinal stromal
tumours driven by different mutations, results from
the preplanned molecularly defined groups will be
analysed separately. The antitumour effect observed with
avapritinib in this study is particularly important for

www.thelancet.com/oncology Vol 21 July 2020



Articles

patients with D842V mutations, given the high unmet
need for treatment options for these patients.

Gastrointestinal stromal tumours are a molecularly
heterogeneous disease driven by various oncogenic
primary and secondary KIT and PDGFRA mutations.
Data from our study suggest that avapritinib is active and
has a manageable safety profile in the subset of gastro-
intestinal stromal tumours harbouring the PDGFRA
D842V mutation, a subset that has been refractory to all
currently approved tyrosine kinase inhibitors.
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