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The structure-guided discovery of osimertinib: the
first U.S. FDA approved mutant selective inhibitor
of EGFR T790M†
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Small molecule EGFR inhibitors such as
gefitinib and erlotinib have
demonstrated clinical efficacy in the
treatment of EGFR mutation positive
non-small cell lung cancer (NSCLC) after
disappointing earlier results with these
agents in unselected patient
populations. These mutations of EGFR
are commonly referred to as sensitising
or activating mutations. However, resis-
tance to these drugs is commonly ob-
served through an acquired EGFR
T790M secondary mutation, known as
the gatekeeper mutation. Osimertinib is
the first inhibitor approved by the U.S.
FDA to selectively target the T790M re-
sistant mutant whilst sparing the wild-
type form of the enzyme. Essential to
the discovery of this drug was the fo-
cused structure-driven computational
and medicinal chemistry design strategy
and synthetic chemistry innovation. The
focused design work and clear clinical
hypothesis resulted in rapid progress of
the project with identification of the
clinical candidate less than three years
from project start, and U.S. FDA ap-
proval in a record 2 years and 9 months
after the first dose in man.

The initiation of the project that led
to the discovery of osimertinib at
AstraZeneca was triggered in May 2009
at the Alderley Park research site, after

forty compounds were tested in bio-
chemical assays against the EGFR
T790M mutant and wild-type forms of
EGFR. The rationale for this evaluation
was the expectation that interaction
with the more hydrophobic methionine
gatekeeper residue could selectively be
targeted over the more hydrophilic thre-
onine of wild-type EGFR. Encouragingly,
compounds were identified that were in-
deed more active against the T790M re-
sistant mutant; in contrast to com-
pounds such as gefitinib which were
more potent against wild-type.1 These
compounds were selected for testing
using the experience of in-house kinase
projects utilising alternative chemical
scaffolds which were known to favorably
interact with methionine gatekeeper res-
idues. Although these data indicated a
‘T790M mutant selective’ profile was
feasible, the compounds showed poor

activity in cellular EGFR phosphoryla-
tion assays due to the high ATP affinity
of the T790M mutant, which is a pri-
mary mechanism of resistance to ATP
competitive EGFR inhibitors such as
gefitinib. In an attempt to overcome
this challenge, computational modeling
identified an appropriate vector to posi-
tion an acrylamide ‘warhead’ on the
identified molecule to covalently target
Cys-797. If successful, this would result
in an irreversible, non ATP competitive
inhibitor, which might overcome the
impact of the T790M resistant muta-
tion. Compounds such as these were
the first to show the targeted T790M
mutant selective profile in our cellular
EGFR assays, and of particular note was
the observation that they also
maintained activity against the EGFR
sensitizing mutants targeted by gefitinib
and erlotinib. Although these
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Fig. 1 X-ray crystal structure of gefitinib in wild-type EGFR showing close proximity of the com-
pound with the threonine gatekeeper (left). Modelled structure of osimertinib in T790M mutant
of EGFR showing close proximity with the methionine gatekeeper residue and also covalent
bond to Cys-797 (right).
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compounds were a significant step for-
ward, they required further evolution to
improve both potency and physico-
chemical properties to be considered as
clinical candidates. Ultimately, these
improvements were made using binding
mode knowledge to guide variations of
the fused ‘head-group’ at C-4 of the py-
rimidine and the addition of a basic
substituent into the ‘solvent channel’
aniline2 (Fig. 1). Another essential facet
to the early development of the series
was the understanding of the inherent
reactivity of such compounds using an
assay measuring the half-life of reac-
tion of compounds with glutathione
(GSH).

After further medicinal chemistry
evolution, exemplar compounds
displayed high cellular potency against
mutant EGFR accompanied by excellent
pharmacokinetic (PK) properties. Subse-

quent work demonstrated that these
compounds could deliver profound re-
gression in mutant EGFR mouse tu-
mour xenograft models (sensitising and
T790M resistant mutants) at low oral
doses, with a margin to wild-type EGFR.
However, as the inhibitor scaffold had
originated from an earlier project
targeting a methionine gatekeeper ki-
nase (specifically IGF1R), the com-
pounds carried inhibitory activity
against both the insulin receptor tyro-
sine kinase (INSR) and the insulin like
growth factor receptor tyrosine kinase
(IGF1R). Both of these kinases play a
key role in glucose homeostasis and
in vivo evaluation of these early com-
pounds showed pronounced hyperglyce-
mic effects in rat. However, the team
were subsequently able to establish
structure–activity relationships (SAR)
that permitted IGF1R and INSR activity

to be reduced, without compromising
the mutant EGFR potency and wild-type
margin required for a clinical candidate.
A key compound from this series was
shown to be both efficacious in the pre-
viously described disease models at a
low dose (Fig. 2), as well as being devoid
of hyperglycemic effects, and was selected
for clinical development as AZD9291,
now known as osimertinib. After clinical
trials began in March 2013, osimertinib
displayed significant anti-tumour activity
in NSCLC patients who had become re-
fractory to earlier EGFR inhibitors, with
activity being observed in the very first co-
hort of patients. Subsequent clinical eval-
uation continued to show clinical re-
sponses in patients (Fig. 3), and in
November 2015, osimertinib received U.S.
FDA approval “for the treatment of pa-
tients with metastatic epidermal growth
factor receptor (EGFR) T790M mutation-

Fig. 2 Chemical structure of osimertinib with in vivo xenograft activity and in the sensitising (PC-9, left) and T790M resistant models (H1975,
right).3 Figure adapted from Cross et al. (2014) Cancer Discovery, 4, 1046–1061.

Fig. 3 AURA3: tumour response by investigator assessment. Best percentage change in target lesion size is the maximum reduction from baseline
or the minimum increase. *Represents imputed values: if it is known that the patient has died, has new lesions or progression of assessments, best
change will be imputed as 20%.4

MedChemComm Editorial

Pu
bl

is
he

d 
on

 1
0 

M
ay

 2
01

7.
 D

ow
nl

oa
de

d 
on

 0
5/

06
/2

01
8 

16
:1

1:
43

. 
View Article Online

http://dx.doi.org/10.1039/c7md90012k


822 | Med. Chem. Commun., 2017, 8, 820–822 This journal is © The Royal Society of Chemistry 2017

positive non-small cell lung cancer
(NSCLC), as detected by an FDA-approved
test, who have progressed on or after
EGFR tyrosine kinase inhibitor (TKI) ther-
apy”. Osimertinib is now also approved
in regions such as Europe, Korea, Taiwan
and Japan and is marketed globally as
TAGRISSO™. Other indications for
TAGRISSO™ are currently being investi-
gated, including use as a first line therapy
as well as a treatment for NSCLC patients
suffering from CNS and brain
metastases.

TAGRISSO™ was discovered as a
result of an extremely rapid drug dis-
covery and development programme,
with contributions from many scien-
tists and offers new treatment options
for patients suffering from NSCLC. As
well as acknowledging the contribution
of all those involved in the discovery
and development of this molecule
within AstraZeneca, the authors would
like to express their thanks and appre-
ciation to all of our collaborators, cli-
nicians and above all the patients in-
volved in the clinical trials and their
families.
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