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ABSTRACT

Cancer genomics and mechanistic studies have revealed that heterogeneous mutations within a single
kinase can result in a variety of activation mechanisms. The challenge has been to match these insights
with tailored drug discovery strategies to yield potent, highly selective drugs. With optimized drugs in
hand, physicians could apply the principles of personalized medicine with an increasing number of
options to treat patients with improved precision according to their tumor’s molecular genotype.

Small molecule inhibitors designed to target activated onco-
genic kinases have had profound clinical benefit when given to
genomically selected patient populations." As such, it is now
becoming common practice to perform sequencing of tumor
biopsies or circulating tumor DNA to inform a therapeutic
course of action. Targeted kinase inhibitors designed to
specifically interact with mutant epidermal growth factor recep-
tor (EGFR) and B-Raf proto-oncogene serine/threonine
kinase (BRAF) as well as activating fusions of ALK receptor
tyrosine kinase (ALK), ROS proto-oncogene 1 receptor tyrosine
kinase (ROSI) or breakpoint cluster region protein-ABL proto-
oncogene 1 non-receptor tyrosine kinase (BCR-ABL) have been
successfully deployed in the clinic. However, in none of these
cases has a single drug been successful at potently inhibiting all
mutations of a particular gene (i.e., all primary and resistance
mutations), leaving a gap in coverage for patients with certain
driver mutations. One such example is KIT proto-oncogene
receptor tyrosine kinase (KIT) and platelet-derived growth fac-
tor receptor alpha (PDGFRA) activation loop mutations that
drive systemic mastocytosis (SM) and gastrointestinal stromal
tumors (GIST). Most SM patients and many advanced GIST
patients have had no meaningful treatment options thus far.
80% of tumors from patients with advanced GIST have pri-
mary activating mutations in KIT outside of the kinase domain
and receive imatinib as first line therapy.” Imatinib is a highly
selective, well tolerated drug that provides initial clinical bene-
fit. However, most patients eventually progress due to the
emergence of on-target resistance mutations within the KIT
kinase domain, specifically in the adenosine 5'-triphosphate
(ATP)-binding pocket or activation loop.” Sunitinib is adminis-
tered in the second line and is potent against the imatinib-resis-
tant ATP-binding pocket mutations but not those found in the
activation loop. Regorafenib, which is approved as third line
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therapy, has a limited activity profile against some but not all
KIT activation loop mutations. After progression on these
treatments, patients are enriched for KIT activation loop muta-
tions that are resistant to all approved agents. The complex
nature of the KIT mutational spectrum that drives advanced
GIST exemplifies the difficulty for a single inhibitor to provide
coverage across all disease-driving mutations, highlighting the
need for other agents that specifically address mutations not
covered with current therapies.

Beyond GIST, a D816V mutation in the activation loop of
KIT is present in more than 90% of patients with SM.> SM is
driven by accumulation of neoplastic mast cells, which causes
reduced quality of life and a shortened lifespan in the advanced
setting. There are no targeted treatment options for these
patients. The PDGFRA D842V activation loop mutation, which
is structurally equivalent to KIT D816V, is a primary activating
mutation seen in roughly 5-6% of advanced GIST patients for
which there are no effective therapeutic options.* Taken
together, the lack of potent and selective inhibitors for KIT and
PDGFRA activation loop mutations remains an unmet medical
need in multiple malignancies.

Blueprint Medicines’ proprietary kinase-focused small mole-
cule library was used to identify potential inhibitors of the KIT
D816V activation loop mutant enzyme. Screening data from
thousands of compounds across the human kinome and dis-
ease-relevant kinase mutants confirmed the hypothesis that
KIT activation loop mutations destabilize the inactive kinase
conformation, highly skewing the equilibrium to that of the
active conformation and erodes the binding of type II inhibitors
like imatinib (Fig. 1 left). We identified compounds that bound
to the active conformation of the kinase, or type I inhibitors,
which after optimization of physicochemical properties led to
the discovery of avapritinib (formerly known as BLU-285).
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Figure 1. Avapritinib, a type | inhibitor, specifically binds the active conformation of the KIT kinase domain. Left: Structure of imatinib bound to KIT proto-oncogene
receptor tyrosine kinase (KIT) with an open activation loop conformation. The open activation loop was modelled by superimposing the active, KIT:adenosine diphosphate
(ADP) crystal structure (PDB code 1PKG) on the inactive, KIT:imatinib crystal structure (PDB code 1T46) and replacing the activation loop segment of 1T46 (residues 809—
834) with that of 1PKG. The activation loop is colored purple with the Asp-Phe-Gly (DFG) motif and residue D816 shown in ball-and-stick. Steric clash with Phe811 high-
lights the inability of type Il inhibitors like imatinib to bind to an active kinase conformation. Right: Avapritinib docked into the active 1T46/1PKG hybrid structure. Avapri-
tinib readily fits into the adenosine 5'-triphosphate (ATP)-binding pocket with the activation loop in an open, DFG-in conformation.

Avapritinib is the first potent and selective small molecule
inhibitor of the previously unaddressed KIT and PDGFRA acti-
vation loop mutations,” with biochemical half-maximal inhibi-
tory concentration (IC5,) = 0.27 nM and 0.24 nM for the KIT
D816V and PDGFRA D842V mutant enzymes, respectively.
Modeling studies confirmed that, distinct from type II inhibi-
tors, avapritinib bound to the kinase in its active conformation
(Fig. 1 right). Other type I inhibitors such as dasatinib and mid-
ostaurin are less potent than avapritinib against KIT activation
loop mutations (ICso = 1.6 nM and 2.9 nM for KIT D816V,
respectively) and have broader kinome activity. In contrast,
avapritinib’s activity profile across the human kinome demon-
strated that a type I inhibitor of KIT activation loop mutations
can be exquisitely selective. This attribute of avapritinib may
make it advantageous for combining with other agents to aug-
ment efficacy in KIT and PDGFRA-driven diseases.
Furthermore, avapritinib was active across KIT primary
and resistance mutations beyond those in the activation
loop. Avapritinib was potent against mutations in the juxta-
membrane region (exon 11) alone and in tandem with
ATP-binding pocket mutations (exons 11/13 and 11/14).
Juxtamembrane (JM) mutations serve to release an autoin-
hibitory intramolecular interaction in KIT,® allowing the
kinase to more frequently interconvert between the inactive
and active conformations. Imatinib potently inhibits this JM
mutant kinase while in the inactive conformation®; avapriti-
nib inhibits this same mutant kinase but does so by binding
efficiently when in its active conformation. This work sug-
gests that most activating KIT mutants may be amenable to
avapritinib inhibition given that oncogenic mutations ulti-
mately bias the kinase towards an active conformation.
Initial phase 1 testing of avapritinib demonstrated rapid
proof of concept with decreased mutant allele burden and
tumor volume reduction in patients with refractory KIT
and PDGFRA activation loop mutant GIST.” A high overall

response rate was observed in PDGFRA D842V unresectable
GIST, resulting in a breakthrough therapy designation for
avapritinib in this indication. Similarly, treatment of
advanced systemic mastocytosis patients with avapritinib
showed marked decrease in serum tryptase levels reflective
of a decrease in mast cell burden” and significant reduction
of malignant bone marrow mast cell infiltrates.” These data,
in two distinct malignancies driven by KIT and PDGFRA
activation loop mutations, indicate promising initial clinical
activity for avapritinib.

Beyond GIST and SM, several additional tumor types
harbor KIT or PDGFRA activating mutations and may be
indications for future investigation with avapritinib. KIT
activation loop mutants have been observed in numerous
germ cell tumors, melanomas that are BRAF wildtype or do
not correlate with sun exposure and a subset of core bind-
ing factor acute myeloid leukemia (CBF-AML). Further-
more, surveying recent genomic sequencing efforts across
tumor types®® indicates that KIT/PDGFRA mutations can
be identified at low frequency across a broad range of
tumors that may be responsive to avapritinib. Through the
increased adoption of sequencing tumor and liquid biopsies,
oncogenic kinase mutations can be paired with appropri-
ately targeted agents, rather than administered solely by line
of therapy. This will require a wealth of potent and selective
kinase inhibitors, and suggests that in avapritinib, the prac-
titioners of precision medicine may have an additional
agent to deploy in the near future.
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