W) Check for updates

Therapeutic Advances in Medical Oncology Review

Ther Adv Med Oncol
2017, Vol. 9(6) 387-403

DOI: 10.1177/
1758834017702820

© The Authorl(s), 2017.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Osimertinib in patients with advanced
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mutation-positive non-small cell lung
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Abstract: The identification of epidermal growth factor receptor (EGFR) mutations represented
a fundamental step forward in the treatment of advanced non-small cell lung cancer (NSCLC)
as they define a subset of patients who benefit from the administration of specifically designed

targeted therapies. The inhibition of mutant EGFR through EGFR-tyrosine kinase inhibitors
(TKIs), either reversible, first-generation gefitinib and erlotinib, or irreversible, second-
generation afatinib, has dramatically improved the prognosis of patients harboring this
specific genetic alteration, leading to unexpected clinical benefit. Unfortunately, virtually all
patients who initially respond to treatment develop acquired resistance to EGFR-TKIs within
9-14 months. The EGFR T790M secondary mutation has emerged as a cause of treatment
failure in approximately 60% of resistant cases. To date, several compounds designed with the
aim to overcome T790M-mediated resistance are under clinical investigation. The aim of this
review is to discuss emerging data regarding the third-generation EGFR-TKI, osimertinib, for
the treatment of EGFR T790M mutant advanced NSCLC.
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Introduction

With 1.6 million deaths expected annually, lung
cancer is the most common cause of cancer-
related death worldwide in both men and women.
Currently, lung cancers are classified into non-
small cell lung cancers (INSCLCs), which account
for approximately 80% of cases, and small cell
lung cancers representing the remaining 20%.
Although in the last decade we witnessed an
impressive advancement in the understanding the
molecular mechanisms underlying the develop-
ment and progression of NSCLC, the prognosis
of patients with advanced disease is still disap-
pointing, with 5-year survival rates of less than
5%, lower than many other leading cancer sites.!
In this scenario, the discovery of targetable genetic

mutations that drive distinct subsets of NSCLC
has successfully paved the way for personalized
therapy in patients harboring specific actionable
molecular alterations with astounding clinical
results.

Epidermal growth factor receptor mutations in
NSCLC

Activating mutations in the epidermal growth fac-
tor receptor (EGFR) gene occur in 10-15% of
NSCLC cases in North American and European
patients and in approximately 30-40% in East
Asian patients.?3 Of note, regardless of ethnicity,
EGFR mutations are more frequently found in
female patients with no history of smoking and in
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those with adenocarcinoma histology.+% However,
the presence of EGFR mutations cannot be ruled
out only on the basis of clinical characteristics.

It is noteworthy that EGFR mutations are typi-
cally non-overlapping with other oncogenic driver
mutations found in NSCLC (e.g. KRAS, ALK,
ROS1, MET, HER2, BRAF, NTRKI1) which
make EGFR-mutant (EGFRm) NSCLC a dis-
tinct disease entity.”

EGFR-activating mutations are included in a wide
spectrum of genetic alterations, principally in-
frame deletions, in-frame duplications/insertions,
and point mutations.>8 Altogether, frame dele-
tions in exon 19 at the LeuArgGluAla sequence
(E746-A750), and the exon 21-point mutation
Leu858Arg (I.858R), represent 85-90% of all
EGFR mutations in NSCLC. Additional ‘uncom-
mon’ mutations have been reported, including
G719X in exon 18 (G719C, G719S, G719A),
1.861Q in exon 21, and S768I in exon 20.
However, the predictive significance of these
mutations to treatment with EGFR-TKI is still
unclear, though data reported in literature so far
seem to confirm a positive predictive role also for
uncommon mutations.® On the other hand, exon
20 frame insertions, along with de novo T790M
point mutations in exon 20 are responsible for pri-
mary resistance to EGFR-TKIs.10-12 Clinical trials
evaluating treatment-naive patients with advanced
NSCLC harboring sensitizing EGFR mutations
treated with gefitinib, erlotinib or afatinib, showed
a marked superiority in favor of EGFR-TKIs com-
pared with platinum-based chemotherapy in terms
of objective response rate (ORR), progression-free
survival (PFS) and quality of life.13-15 Afatinib was
also associated with a statistically significant
improvement in overall survival (OS) in patients
with the dell9 EGFR mutation,!® though data
from the LUX-lung 7 trial (a phase IIb trial com-
paring the activity of gefitinib and afatinib as
upfront therapy for advanced EGFR-mutant
NSCLC) showed that the differences in PFS, OS,
time to treatment failure, and ORR with afatinib
and gefitinib were largely unaffected by mutation

type.'”

Unfortunately, despite the initial response to
treatment, virtually all patients develop acquired
resistance (AR) to treatment, which occurs typi-
cally within 9-14 months. In order to overcome
such resistance a number of third-generation
EGFR-TKIs have been designed and are under
clinical evaluation. The aim of this review is to

discuss emerging data regarding the third-genera-
tion EGFR-TKI osimertinib against the EGFR
T790M mutation in the treatment of patients
with advanced NSCLC.

Mechanism of resistance to first and
second-generation EGFR-TKIs

Despite the inhibition of the mutated form of
EGFR being one of the most successful exam-
ples of targeted therapy in NSCLC, the prog-
nosis of these patients still remains unfavorable
because, in addition to primary or intrinsic
resistance, almost all patients who initially ben-
efited will develop AR to EGFR-TKIs. Several
mechanisms of either intrinsic or AR to EGFR-
TKIs have been described so far and many
other are still unknown. Regarding pathogene-
sis, these mechanisms can be schematically
divided in EGFR-dominant (secondary muta-
tion) or EGFR-nondominant (bypass tracks
with activation of other signaling pathways or
phenotypic change). Overall, approximately
60% of AR cases are due to the secondary
T790M mutation in exon 20 of the EGFR gene,
followed by other EGFR mutations such as
C7978S, activation of alternative signaling path-
ways (such as MET or HER2 amplifications and
secondary mutation of PI3KCA or BRAF),
aberrance of the downstream pathways (KRAS
mutations, and loss of PTEN), impairment of
the EGFR-TKIs-mediated apoptosis (BCL2-
like 11/BIM deletion polymorphism) and histo-
logical transformations.18-19

Primary resistance to EGFR-TKIs

Although many mechanisms are not completely
understood, intrinsic resistance, defined as an
immediate ineffectiveness of EGFR-TKIs, is
often due the presence of a nonsensitive EGFR
mutation. The most important EGFR muta-
tions that generate TKI resistance are repre-
sented by exon 20 insertions or duplications,
which account for 1-10% of the entire group of
EGFR mutations. Most of these insertions occur
between amino acids 767 and 775, and their
preferential location is the C-helix (A767 to
C775).20 This region is crucial in orienting the
kinase into a state that controls both the ATP
and the EGFR-TKI binding. The result is that
the majority of exon 20 insertion mutations reg-
ulate the kinase domain conformation into an
active position and reduce the affinity for
EGFR-TKIs.?!
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Although the gatekeeper T790M mutation is rec-
ognized as the most common mechanism of AR,
it has also been associated with primary resistance
and i viro studies have demonstrated transfor-
mational potential when T790M is concurrently
expressed with an EGFR-TKI-sensitizing muta-
tion.??2 Regarding the allelic frequencies of this
mutation in treatment-naive tumors, with the
conventional Sanger sequencing methods, this
valuehasbeenreported asratherlow. Interestingly,
recent studies conducted using more sensitive
techniques such as next-generation sequencing,
locked nucleic acid polymerase chain reaction
(PCR) and high-performance liquid chromatog-
raphy, have reported higher frequency rates of
T790M mutations in EGFR-mutant NSCLC
pretreatment tumors (35%, 38% and 79%
respectively).23-25

Another EGFR mutation that occurs in the extra-
cellular domain, consisting of in-frame deletion of
exons 2—7 (namely EGFR vIII), has been associ-
ated with EGFR-directed therapy failure. This
form of resistance relies on structural changes in
the EGFR protein, ultimately leading to constitu-
tive activation of EGFR vIII.26

Intrinsic resistance may also be caused by concur-
rent molecular or genetic alterations that compro-
mise the EGFR-TKI response in patients with
sensitizing EGFR mutations. An example is rep-
resented by the pro-apoptotic Bcl-2 family mem-
ber BIM, that is a crucial mediator of
EGFR-TKI-induced apoptosis.2” In this regard,
patients with BIM deletion polymorphisms or
harboring low to intermediate levels of messenger
RNA (mRNA) of BIM, have shown disappoint-
ing results when treated with EGFR-TKIs.28

Mechanism of acquired resistance to
EGFR-TKIs

Secondary or AR typically occurs after pro-
longed treatment, and several molecular mecha-
nisms have been discovered in around 60-70%
of cases and fall into one of the following cate-
gories: secondary mutations in the EGFR gene,
activation of alternative pathways and pheno-
typic transformation.

Insurgence of secondary mutations in the EGFR
gene

The most common secondary mutation, detected
in approximately 60% of the AR developed to

erlotinib, gefitinib and afatinib, is the T790M
mutation that occurs in exon 20 of the EGFR
gene.2%-31 Of note, this proportion could be under-
estimated as a higher prevalence of 68% has been
shown using a locked nucleic acid (ILNA)-PCR/
sequencing assay.32 Originally reported in 2003 as
a potential determinant of resistance to first-gener-
ation EGFR-TKIs in vitro,3® the mutation of threo-
nine at residue 790 of EGFR had been increasingly
identified in patients with NSCLC harboring
EGFR-sensitizing mutations that progressed on
first-generation EGFR-TKIs,?* and is currently
considered the most common mechanism of AR to
EGFR-TKI-based therapies. T790 is called ‘the
gatekeeper residue’ because it is located in the
ATP-binding pocket and constitutes a critical
hydrogen bond with the EGFR-TKIs, thus being
responsible for the drugs affinity to EGFR. At this
level, resistance occurs because the substitution of
the nonpolar, hydrophobic methionine 790 for
hydrophilic threonine (T790M) results in a steric
hindrance that interferes with TKI binding.3>
Importantly, the acquisition of the T790M muta-
tion leads to an increased affinity of EGFR for
ATP, ultimately resulting into the displacement of
ATP-competitive TKIs.35

Interestingly, even though the reason is still
unclear, patients with disease progression due to
a secondary EGFR T790M mutation, tend to
have a more indolent natural history and longer
post-progression survival as compared with
patients with T790M-negative tumors.3® To date,
two theories have been proposed in order to
explain the development of these second muta-
tions: subcloning and induced mutation/acquisi-
tion.3” In this respect, although this secondary
mutation is rarely found in TKI-naive tumors,
resistant clones may be selected following pro-
longed exposure to TKIs and are detected in
roughly 60% of EGFR-TKIs-treated patients.?>-38
T790M mutation can also coexist with different
EGFR mutations, such as LL858R and D761Y
and this combination leads to lung cancer cell
survival.?®

Regarding the relationship between the T790M
mutation and the activity of the irreversible
EGFR-TKI, afatinib, a preclinical study showed a
certain grade of activity in EGFR T790M-positive
NSCLC cell lines; however no evidence of sur-
vival benefit has been reported with afatinib after
failure of platinum-doublet chemotherapy and a
first-generation EGFR-TKI.40-41 In addition, the
prevalence of T790M in NSCLC patients with
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AR to afatinib has never been properly studied. In
a recent study, Wu and coworkers enrolled 42
patients with EGFR-mutated NSCLC (14 TKI-
naive and 28 pretreated with first-generation
EGFR-TKIs) that presented with AR to afatinib
and had suitable ‘post-afatinib’ tissue for molecu-
lar analysis. Intriguingly, the authors found
acquired T790M in 47.6% of specimens, in line
with data reported with first-generation EGFR-
TKIs. Moreover, they showed that prevalence of
T790M was also similar in the two groups of
TKI-naive and TKI-pretreated patients (50.0%
and 46.4% respectively) and that clinical factors,
including sex, age and smoking history, were not
associated with a higher prevalence of T790M.
This study did not report either second-site
EGFR mutations besides T790M nor acquired
C797S mutation that is responsible for the AR to
third-generation EGFR-TKIs.3!

Once it was established that T790M represents
the major mechanism of AR to first- and second-
generation EGFR-TKIs and that third-generation
EGFR-TKIs with a specific activity against
T790M such as osimertinib and rociletinib
(CO1686) showed to be very effective also in this
subgroup of patients, it was clear that re-biopsy at
disease progression, whenever possible, is crucial
in order to make the appropriate decision on
management of these patients.42-43

Not surprisingly, several mechanisms of AR to
third-generation EGFR-TKIs osimertinib and
rociletinib, i vitro and in vivo, have recently been
discovered. Niederst and colleagues analyzed
cell-free DNA by next-generation sequencing
(NGS), of 15 patients with resistance to osimerti-
nib, and identified different genotypes before and
after treatment.* The most common was
acquired C797S plus T790M mutation genotype
(40%), followed by T790M mutation without the
C797S mutation (33%) and loss of the T790M
mutation in absence of the mutation C797S
(27%).4* In these cases, proliferation of cancer
cells is still EGFR-dependent but, under selective
pressure of EGFR-TKIs, these cells may develop
tertiary mutations in the EGFR gene, such as
C797S.

Beyond T790M, rare EGFR resistance point
mutations have been identified (<10% of
patients), including T854A, D761Y, and LL747S;
however, the number of cases is extremely lim-
ited and the underlying mechanism is still
unclear.45-46

Activation of alternative signaling pathways (e.g.
MET, HER2, BRAF, PI3KA, IGFR1) and phe-
notypic transformation (epithelial to mesenchy-
mal transition and small cell transformation)
represent other common mechanism of AR to
EGFR-TKIs but are not the subject of this review
and so will not be discussed.

Liquid biopsy in NSCLC

The eligibility for treatment with osimertinib in
advanced NSCLC requires tumor genotyping for
EGFR and the presence of T790M resistance
mutation. Until recently, molecular profiling of
NSCLC was based only on tumor biopsy but the
landmark for the detection of tumor genetic alter-
ations is rapidly and excitingly changing. A new
perspective for molecular tumor characterization
is represented by the analysis of circulating tumor
DNA (ctDNA) that provides a non-invasive alter-
native approach to tumor biopsy.

The use of liquid biopsy has multiple potential
applications and advantages. It represents a fast
and non-invasive method applicable for early
diagnosis, assessment of prognosis, monitoring of
tumor burden and identifying AR during the
treatment,*’ while repeating tissue biopsy to eval-
uate genomic tumor evolution at the time of dis-
ease progression or even during therapy is
problematic, expensive and unsafe and may not
be reflective of tumor heterogeneity.*®

Several methods are available for the blood-based
EGFR mutational status analysis which must be
highly sensitive because of the low frequency of
ctDNA in blood compared with germline cell-
free DNA. These methods include: allele-specific
PCR platforms like the Cobas® EGFR Mutation
Test (Roche, Basel, Switzerland) and the
Therascreen® EGFR amplification refractory
mutation system (ARMS) assay (Qiagen, Hilden,
Germany), digital assays including the droplet
digital PCR (ddPCR), as well as the beads, emul-
sions, amplification and magnetics (BEAM)ing
dPCR technique (Sysmex Inostics, Hamburg,
Germany). Moreover, NGS is evolving to be
applicable for ctDNA analysis (Amplicon-based
targeted NGS as well as Captured-based
Targeted NGS), offering efficiently large spec-
trum genotyping analysis starting from a limited
amount of material.%® In recent years many stud-
ies have shown that ctDNA can be used to iden-
tify and quantify mutations in solid cancers. In
2009, Rosell and colleagues analyzed 164
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samples of ctDNA extracted from the serum of
patients, suffering from NSCLC with activating
mutations of the EGFR determined on tumor tis-
sue, yielding a sensitivity equal to 59.2%.15 Later,
Liu and colleagues identified the same activating
mutation in ctDNA extracted from plasma com-
pared with that detected on the tissue sample by
using the ARMS platform in 67.5% of the cases
analyzed.’® In the last decade, several studies
have shown that it is feasible to detect mutations
in the plasma or serum of NSCLC patients with
a sensitivity ranging between 46—-80% and with a
high level of specificity and concordance with
tumor tissue analysis.50-56

A recent systematic review and meta-analysis
including 25 studies on a total of 2605 patients
showed, for a blood-based test, a sensitivity, spec-
ificity, and concordance rate of 0.61, 0.90, and
0.79, respectively. Serum testing was associated
with a lower sensitivity (0.56 wversus 0.65) but
higher specificity (0.95 wversus 0.85) and concord-
ance (0.86 versus 0.74) than plasma. Furthermore,
clinical data showed that EGFR mutations (exon
19 or 21) in blood were significantly associated
with objective response [RR: 4.08; 95% confi-
dence interval (CI) 2.48-6.70], PFS [hazard ratio
(HR): 0.72; 95% CI 0.64-0.80], and OS (HR:
0.71;95% CI 0.50-0.99). Collectively, these data
demonstrate that blood can be a good surrogate
when tumor tissue is absent or insufficient for
testing EGFR mutations to guide EGFR-TKI
treatment in patients with NSCLC.57

Recently Sacher and colleagues have analyzed by
ddPCR (Bio-Rad/Molecular MD, California,
USA) ctDNA of 120 patients at the time of diag-
nosis and 60 patients at the time of AR to an
EGFR-TKI, demonstrating a sensitivity of plasma
genotyping of 82% for EGFR exon 19 deletion,
74% for the L858R mutation, 77% for the
T790M mutation, and 64% for the KRAS G12X
mutation, compared with tumor biopsy molecu-
lar analysis.’® Another recent study focused on
EGFR mutation-positive NSCLC patients with
AR to EGFR-TKIs identified TKI-sensitizing
and T790M mutations in plasma of 120 (46.2%)
and 75 (28.8%) patients, respectively.’®* T790M
was detected in 56.7% of patients with plasma
positive for TKI-sensitizing mutations. The con-
cordance for mutation detection at the time of
resistance by ddPCR in plasma compared with
tumor tissue or malignant fluid specimens, evalu-
ated on 41 patients with paired samples, was
78.0% for TKI-sensitizing mutations and 65.9%

for T790M (identified especially in larger tumors
and more heavily treated tumors).>°

The ability of real-time based methods (Cobas,
Therascreen, ddPCR and BEAMing dPCR) to
detect EGFR mutations, including T790M, has
been assessed using plasma samples collected in
the phase I part of AURA trial.®° Results showed
a sensitivity/specificity for EGFR-sensitizing
mutations of 78-90%/100% and 90-100%/93—
100% for nondroplet and droplet platforms,
respectively. Digital platforms detected a higher
percentage of T790M mutations, compared with
nondigital platforms characterized by low sensi-
tivity (29% for Therascreen and 41% for Cobas
versus 71% of ddPCR and BEAMing dPCR) but
high specificity (100% versus 83% for ddPCR and
67% for BEAMing dPCR). The Cobas® EGFR
Mutation Test and BEAMing dPCR were used in
a subsequent assessment on a different set of
plasma samples independently from the AURA
trial showing concordant results, with high sensi-
tivity (73—-81%) and low specificity (58-67%) for
the detection of the T790M mutation. The
T790M resistance mutation was more frequently
detected in the plasma of patients with metastatic
versus locally advanced disease as already
reported.®®© Genomic heterogeneity may explain
the reduced specificity observed with plasma-
based detection of T790M mutations versus
tissue. The objective response rate (ORR) to
osimertinib was 59% and 61% in patients positive
for the T790M mutation in plasma and in tissue
(both assessed using the Cobas® EGFR Mutation
Test), respectively. Together, these results show
that the Cobas® EGFR Mutation Test and
BEAMing dPCR have the potential to identify
patients harboring T790M mutations from
plasma ctDNA.

More data about the clinical correlation between
plasma genotyping and osimertinib have been
recently reported by Oxnard and colleagues.®!
Retrospective analysis of the AURA trial revealed
a similar ORR and median PFS in patients with
T790M-positive plasma (ORR, 63%; PFS, 9.7
months) or T790M-positive tumor (ORR, 62%;
PFS, 9.7 months) with a sensitivity of ctDNA
analysis for detection of T790M of 70%. Of 58
patients with T790M-negative tumors, T790M
was detected in the plasma of 18 (31%). This
study showed that tumor and plasma genotyping
have complementary roles for T790M testing.
For 30% of patients who usually test negative for
T790M in plasma, a re-biopsy can be considered.
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The plasma genotyping can represent a first ini-
tial analysis; however, further investigation, in the
presence of plasma T790M-negative assessment
on tumor tissue, are warranted to identify patients
who may benefit from anti-T790M agents.

CtDNA genotyping by the Therascreen® EGFR
plasma PCR kit is approved for use with gefitinib
in Europe and China, in patients with advanced
NSCLC from whom a tumor biopsy sample is
not available. In June 2016, The United States
Food and Drug Administration (US FDA)
approved the Cobas® EGFR Mutation Test (v2
blood-based companion diagnostic test) for eligi-
bility for treatment with erlotinib. Furthermore,
in Europe T790M mutation detection for osimer-
tinib treatment eligibility can be performed using
either a tissue-based or plasma-based test. Also,
ctDNA sequencing could be used for patients
with NSCLC that progressed during treatment
with third-generation TKIs, for example for the
detection of C797S EGFR mutation resist-
ance.4%58:62 Several studies have shown that quan-
titative and qualitative EGFR mutational status
monitoring by using ctDNA is feasible and per-
mits detection of resistance mutations anticipat-
ing clinical progression.®?-%¢ Sorensen and
colleagues found that detection of resistance
mutation in the plasma of patients with advanced
NSCLC occurs very early (range, 15-344 days)
before radiological evidence of progression dur-
ing first-line erlotinib treatment and increases
until progression of disease.®* Nevertheless,
resistance monitoring cannot yet be used to
change therapy before clinical evidence of resist-
ance. No data are available on changing treat-
ment early and outcomes in EGFR-mutant cancer
patients.

Liquid biopsy is feasible and increases the num-
ber of patient eligible for target therapy but sev-
eral issues are still open. More efforts are required
to increase sensitivity, to avoid artifacts and
reduce false positive, and finally translate the
entire potential of ctDNA analysis in the clinical
management of cancer patients.

Pharmacodynamics and pharmacokinetics

The most common sensitizing mutations of
EGFR, including in-frame deletions of exon 19
and the point mutation 1L858R, have been dem-
onstrated to reduce ATP affinity and increase the
sensitivity of mutant receptors to competitive
inhibitors.®> Consistently, gefitinib and erlotinib
show a dramatic clinical benefit in patients with

EGFR exon 19 or exon 21-mutated NSCLCs.%
The missense T790M variant in exon 20 of EGFR
with the primary activating mutation of the EGFR
allele results in a significantly increased affinity of
mutant EGFR for ATP.3 In detail, pharmacoki-
netic analyses showed the Michaelis—Menten
constant (Km) for ATP of respectively 8.4 + 0.3
uM, 5.2 = .02 uM and 148 *= 4 uM in the L858R/
T790M mutant, wild-type and single L858R
mutant receptor.3> As a consequence, the T790M
mutation markedly reduces the potency of EGFR
competitive inhibitors, representing the primary
mechanism of T790M-mediated first-generation
TKI resistance.

Osimertinib (TAGRISSO™, AZD9291;
AstraZeneca, London, UK) is a mono-anilino-
pyrimidine, orally available, irreversible, third-
generation EGFR-TKI, which inhibits EGFR, via
the C797 amino acid covalent bond, both sensi-
tizing mutations (exon 19 deletion, 1.L858R) and
double mutants harboring T790M at a nine-fold
lower concentration compared with wild-type
EGFR. In wvitro assays showed that osimertinib
also possesses a certain grade of activity at clini-
cally relevant concentration against ERBB2,
ERBB3, ERBB4, BLK and ACKI1. Consistently,
preclinical models involving NSCLC cell lines
and tumor xenografts showed that osimertinib
exerts an impressive activity against those tumors
harboring LL858R, exon 19 deletions alone or in
coexistence with T790M mutations. Of note, two
of its metabolites AZ7550 and AZ5104, which
are circulating at approximately 10% of the
mother compound, retain a comparable inhibi-
tory profile on EGFR mutations to osimertinib.
AZ7550 showed also a similar potency to the
original molecule while AZ5104 exhibits an eight-
fold greater potency against exon 19 deletion and
T790M mutation, and up to 15-fold higher
against wild-type EGFR.3° Following a single oral
administration, osimertinib exhibits a linear phar-
macokinetics, the area under the plasma concen-
tration-time curve (AUC), along with maximal
plasma concentration (Cmax) and minimal con-
centration (Cmin) increases in a dose propor-
tional manner over the 20-240 mg dose range.
Osimertinib is given once daily, with a three-fold
body accumulation after single administration,
which results in steady-state exposure achieved in
22 days of dosing, reaching a mean volume of dis-
tribution of approximately 986 1. Importantly, the
AUC of osimertinib derivative compounds
AZ5104 and AZ7550 is approximately 10% of
the exposure of osimertinib. Of note, pharma-
cokinetic exposure does not substantially differ
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Table 1. Drug summary box.

Name

AZD9291, osimertinib, Tagrisso™

Chemical structure W r
% o NH ‘
&3] N\/\N/
'%\y@/ |
o

Biochemical name
3-ylpyrimidin-2-

N-[2-[2-(dimethylamino]ethyl-methylamino]-4-methoxy-5-[[4-(1-methylindol-

yllaminolphenyllprop-2-enamide

Pharmacodynamics

Irreversible, covalent bond and inhibition of sensitizing mutation (exon 19

deletion, L858R) and double mutants harboring T790M

Pharmacokinetics Median time to C

max

=6h

Mean volume of distribution V., = 986 |

Oral clearance = 14.2 l/h

Mean half-life = 38 h

Time to steady state: 22 days
Elimination: 68% fecal and 14% urinary

Drug interaction

Adverse events

CYP3A inhibitors or inducers, substrates of CYP3A, BCRP and CYP1A2

Any grade =5%: diarrhea, rash, dry skin, nail toxicity, decreased appetite

Select toxicities of special interest: ILD/pneumonitis, QTc interval prolongation,
cardiomyopathy, hyperglycemia

ILD, interstitial lung disease

between Asian and Western patients. Osimertinib
has a mean half-life of 48 h and its primary degra-
dation pathway involves oxidation (predomi-
nantly CYP3A) and dealkylation i witro.
Although osimertinib does not interact with
CYP2C8, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6 and
2El, it is a competitive inhibitor of CYP3A.
Besides, osimertinib has been demonstrated to be
a substrate of P-glycoprotein and the ATDP-
binding cassette subfamily G member 2, but it is
not a substrate of organic anion-transporting pol-
ypeptide proteins, OATP1B1 and OATP1B3
(Table 1) [AstraZeneca Pharmaceuticals LP
2015].30

Clinical efficacy of osimertinib in NSCLC

On the heels of promising preclinical data, the
phase I/ITl AURA trial [ClinicalTrials.gov identifier:
NCT01802632] was conducted in order to assess
the safety and efficacy of osimertinib in patients
with advanced EGFR-mutant (EGFRm) NSCLC
who progressed on or following a first- or second-
generation EGFR-TKI (Figure 1). A total of 253
patients were enrolled in this study. Of them, 33
were included in the dose-escalation portion, and
222 in the dose-expansion cohort that evaluated
five doses ranging from 20-240 mg daily. All

patients had received at least one EGFR-TKI prior
to osimertinib, while 80% had also received prior
cytotoxic chemotherapy. Overall, 138 of the 222
patients (62%) enrolled in the expansion cohorts
had a documented T790M mutation whereas it
was not detected in tumors from 62 patients in
those cohorts (28%). For the remaining 22 patients,
EGFR mutational status was unknown (10%).
Overall, osimertinib showed a promising clinical
activity with a an ORR of 51%. Of 239 patients
evaluable for response, 123 (51%) experienced a
partial response (PR, » = 122) or a complete
response (CR, z = 1) and 78 (33%) had stable dis-
ease, while only 34 (14%) had progressive disease
(PD). Importantly, in patients with a documented
T790M mutation at central testing, the ORR was
61%, with a disease control rate (DCR) of 95%.
On the other hand, the subgroup of patients who
were negative for T790M experienced inferior
ORR (21%) and DCR of (61%) compared with
the T790M-positive counterpart. The median PFS
was 8.2 months. Again, patients harboring a
T790M mutation had a median PFS of 9.6 months,
whereas those without the mutation had a lower
median PFS of 2.8 months. No difference in
ORR was observed between Asian and Western
patients.*? In view of increasing toxicities observed
at the 160 mg and 240 mg doses, and similar
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response rates reported across different osimertinib
dosing schedules, 80 mg daily was the recom-
mended dose for subsequent studies, including reg-
istration trials.

These findings have been further enlarged by the
preliminary results of the expansion cohort of the
AURA trial and the phase II AURAZ2 trial (Figure
1). In the expansion cohort of AURA, which
involved 201 patients with T790M-positive
locally advanced or metastatic NSCLC, osimerti-
nib was associated with an ORR assessed by an
independent review committee (ICR) of 58% and
a DCR of 92%.%7 In the AURA2 trial, an open-
label, single-arm phase II study, 210 patients with
advanced NSCLC and harboring the T790M
mutation as assessed by central testing confirma-
tion (Cobas™ EGFR mutation test) received osi-
mertinib at the recommended dose of 80 mg.
ORR assessed by ICR was 70% and DCR was
92%. The median duration of response was 11.4
months (95% CI 9.0-not calculable). Notably,
data for 70 of these patients were censored at the
time of data cutoff and the proportion of patients
remaining in response was 76% and 59% at 6 and
9 months respectively, and 48% at 12 months.
Median PFS as assessed by blinded independent
central review was 9.9 months (95% CI 8.5-12.3)
and the proportion of patients estimated to be
progression-free at 6, 9 and 12 months was
respectively 71%, 56% and 44%.8

More recently, updated results from the T790M-
positive cohort of the AURA phase I trial, along
with a pooled analysis of phase II studies (expan-
sion of AURA trial and AURA2) were presented
at the European Lung Cancer Conference
(ELCC) 2016. Respectively, 63 and 411 patients
received treatment within AURA phase I (only
those who tested positive for T790M at central
confirmation analysis) and AURA pooled phase
IT (expansion cohort of AURA + AURA2). In
AURA phase I, investigator-assessed ORR was
71% (43/61;95% CI 57-82), with a median dura-
tion of response (DoR) of 9.6 months (95% CI
7.7-15.6) and median PFS of 9.7 months
(95% CI 8.3-13.6). On the other hand, in the
pooled analysis of phase II studies, a blinded
independent central review (BICR) confirmed an
impressive ORR of 66% (262/397; 95% CI 61—
71) with a median DoR approaching 12.5 months
(95% CI 11.1-not calculable). The median PFS
reached 11.0 months (95% CI 9.6-12.4) and the
proportion of patients free of progression at 12
months was 47.5% (95% CI 42.4-52.5).%° Based

on the above mentioned data, osimertinib was
granted US FDA accelerated approval for T9OM-
positive patients who progress on a first or sec-
ond-generation EGFR-TKI and European
Medicines Agency (EMA) conditional authoriza-
tion for patients with metastatic NSCLC who test
positive for an EGFR T790M mutation regard-
less of prior EGFR-TKI treatment.

To further investigate the activity of osimertinib
in EGFRm NSCLC, additional phase III studies
have been designed with the aim to assess the role
of osimertinib in different clinical settings (Figure
1). AURA3 is an open-label study in which 419
patients with locally advanced or metastatic
NSCLC with an EGFR T790M mutation who
had progressed to a previous EGFR-TKI were
randomized in a 2:1 ratio to receive osimertinib
or a platinum-based chemotherapy doublet as
second-line therapy. The investigators reported a
significantly better ORR with osimertinib (71%)
compared with platinum-pemetrexed treatment
(31%) (odds ratio, 5.39; 95% CI, 3.47-8.48, p <
0.001) The median DoR was 9.7 months with
osimertinib and 4.1 months with platinum-peme-
trexed. Accordingly, the duration of PFS accord-
ing to a BICR was consistent with the
investigator-assessed duration, and significantly
favored osimertinib over platinum-pemetrexed
treatment, with a median of 11.0 months versus
4.2 months (adjusted HR, 0.28; 95% CI, 0.20—
0.38; p < 0.001).7° The efficacy outcomes are in
line with those reported in the previous phase I/II
studies. Due to a superior clinically meaningful
outcome over platinum-based chemotherapy, osi-
mertinib is now established as the standard of
care for T790M-positive patients who progress
on or following a first-line EGFR-TKI.

Whether osimertinib could provide a further
clinical benefit as wupfront therapy is still
unknown. The ongoing phase III FLAURA trial
will further characterize the potential of osimerti-
nib 80 mg daily in the first-line EGFRm setting.
This trial is a double-blind, randomized, phase
III study aimed to assess the efficacy and safety of
osimertinib compared with standard of care gefi-
tinib or erlotinib in treatment-naive patients with
locally advanced or metastatic EGFRm
NSCLC."! This study is currently ongoing and
results are eagerly awaited. However, though
preliminary, updated data from the expansion
cohort of the phase I/II AURA trial investigating
the efficacy and safety of first-line osimertinib in
treatment-naive T790M positive advanced
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NSCLC patients, showed encouraging results in
a first-line setting with a confirmed ORR of 77%
and a median PFS of 19.3 months. Moreover, at
18 months 55% of patients were progression-free
and the median duration of response had not yet
been reached.” Worthy of note, a ‘real life’ study
of single agent osimertinib for metastatic EGFR
T790M-positive NSCLC patients (ASTRIS),
who have received prior EGFR-TKIs is currently
ongoing worldwide. The primary outcome meas-
ures are OS and safety, and the estimated com-
pletion date is August 2019 [ClinicalTrials.gov
identifier: NCT02474355].

Lastly, the ADAURA trial is a double-blind, pla-
cebo-controlled randomized study evaluating the
efficacy and safety of osimertinib versus placebo as
adjuvant treatment for patients with EGFRm
stage Ib—IIla NSCLC who underwent complete
tumor resection followed or not by adjuvant
chemotherapy [ClinicalTrials.gov  identifier:
NCT02511106] (Figure 1).

Safety and tolerability of osimertinib

First- and second-generation EGFR-TKIs have
been tested on a large number of patients over
the last decade, meanwhile most studies involv-
ing third-generation TKIs, including osimerti-
nib are currently ongoing, and safety data are
still immature. However, even though long-term
follow up is required for a precise assessment on
safety, osimertinib seems to have an acceptable
toxicity profile and tolerability, better if indi-
rectly compared with first- and second-genera-
tion EGFR-TKIs.

In the dose-escalation cohort of the phase I
AURA trial, osimertinib displayed a satisfactory
safety profile, and no dose limiting toxicities were
observed at any dose level tested (ranging from
20-240 mg daily). The overall incidence of any
grade of adverse event (AE) was 96%, with 32%
of patients experiencing grade 3—5 AEs. AEs lead-
ing to dose reduction or drug withdrawal were
observed in 7% and 6% of patients, respectively.
Serious AEs considered to be treatment-related,
as assessed by the site investigator, occurred in
6% of patients. Notably, no differences in the
severity or frequency of AEs were observed
between Asian and Western patients. The most
common AEs were diarrhea (47%), rash (40%),
nausea (22%), and decreased appetite (21%).
Furthermore, 6 cases (2.4%) of pneumonitis-like
AEs occurred, and resolved following osimertinib

discontinuation. Additionally, 11 patients (4.3%)
developed prolongation of the QTc interval while
6 patients (2.4%) experienced hyperglycemia
during osimertinib treatment.#?2 The expansion
cohort study and the AURA2 trial showed similar
results in terms of safety and tolerability. In a
pooled analysis of these studies the most common
AEs of any grade with osimertinib 80 mg/daily
were diarrhea (42%), rash (41%), dry skin (31%)
followed by paronychia (25%). AEs requiring
dose reduction or drug discontinuation mani-
fested 4.4% and 5.6% of patients, respectively. A
prolonged QTc interval (2.2%) and neutropenia
(1.9%) were the most common event associated
with dose reduction or discontinuation. Of note
in both trials, four cases of deadly interstitial lung
disease occurred that was considered eventually
related to osimertinib by the investigator.®® More
recently, osimertinib confirmed a satisfactory
safety profile also in the AURAS3 trial. In this
study 273 out of 279 (98%) patients reported at
least one AE. In the osimertinib arm, the most
commonly reported AEs were diarrhea (41%),
rash (34%), dry skin (23%), and paronychia
(22%). AEs of grade =3 occurred in 16 patients
(6%) and included diarrhea (1%), anemia (1%),
decreased appetite (1%), skin rash (1%) and
interstitial lung disease (1%). Of note, interstitial
lung disease-like AEs were recorded in 10 patients
(4%) in the osimertinib group, with 9 events of
grade 1 or 2 in severity and 1 death. Compared
with platinum-pemetrexed chemotherapy, osi-
mertinib was associated with a lower rate of AEs
leading to permanent discontinuation (7% versus
10%).70

Efficacy of osimertinib in EGFR-mutant

NSCLC brain metastases

Central nervous system (CNS) failure is a com-
mon event during treatment with EGFR-TKIs,
probably reflecting the long survival benefit
achieved with targeted therapies. In front of poor
penetration rates of first-generation EGFR-TKIs
across the blood-brain barrier (BBB), CNS
response occurs in approximately 80% of patients
with pre-existing brain metastases (BMs) treated
with upfront gefitinib or erlotinib, suggesting a
significant intracranial efficacy of these drugs.
Unfortunately, after initial intracranial response
26-33% experience disease progression in CNS
which associates with a very poor prognosis.”3

Whether osimertinib exerts activity also against
brain metastasis is still poorly addressed and data
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are lacking. In an early preclinical study involving
an EGFRm BM xenograft mouse model, osimer-
tinib distribution into the brain was 10-fold higher
compared with gefitinib at clinically relevant
doses, and resulted in a marked shrinkage of brain
lesions.”* These data have been further corrobo-
rated by Ballard and colleagues who confirmed a
greater penetration of osimertinib across the BBB
than gefitinib, rociletinib (CO-1686), or afatinib,
and at clinically relevant doses in a mouse model.
Worthy of note, osimertinib was associated with a
sustained tumor regression in an EGFRm PC9
mouse BM model; conversely the third-generation
EGFR-TKI rociletinib, did not achieve tumor
regression. Moreover, under positron emission
tomography micro-dosing conditions, [11C]osi-
mertinib showed a greater exposure in the cyn-
omolgus monkey brain compared with both [11C]
rociletinib and [11C]gefitinib.?> Interestingly, the
authors also provided evidence of clinical activity
of osimertinib against BMs in two patients (within
the expansion cohort of AURA trial) with EGFRm
and T790M-positive BMs who achieved an over-
all PR according to Response Evaluation Criteria
In Solid Tumors (RECIST) 1.1, with noncom-
plete response-nonprogressive disease (SD)
reported within the CNS.7> Consistent with these
findings, our group has recently published the
cases of two radiotherapy-naive patients with
EGFRm and T790M-positive pretreated advanced
NSCLC and BMs who responded to osimertinib.
There was one patient that had a solitary brain
lesion at diagnosis and was treated with upfront
erlotinib that led to a prolonged control of CNS
disease and no need of cranial radiation. Upon
documentation of T790M-positive disease pro-
gression (extra- and intracranial), brain radiother-
apy was withheld in favor of osimertinib, which
allowed a re-response in the brain and in extracra-
nial sites, suggesting that osimertinib crosses the
BBB and overcomes a T790M-mediated resist-
ance in the CNS. On the other hand, the second
patient developed CNS disease following T790M-
mediated resistance to gefitinib. At the time of
progression, the patient was switched to osimerti-
nib from which they achieved an impressive
intracranial response. Both cases confirmed the
clinical activity of osimertinib in BMs from
T790M-positive NSCLC. Overall, this report
may suggest that delaying cranial radiation in
favor of a third-generation EGFR-TKI osimerti-
nib, might represent an excellent therapeutic
alternative for radiotherapy-naive patients pro-
gressing in the brain on a first- or second-genera-
tion EGFR-TKI, especially in view of the long life

expectancy these patients usually encounter.”°
More recently, pooled data from two phase II
studies on CNS response to osimertinib in patients
with T790M-positive advanced NSCLC has been
presented at the International Association for
the Study of Lung Cancer World Conference on
Lung Cancer 2016. The authors reported an
objective intracranial response rate (OIRR) of
54% and an impressive intracranial disease con-
trol rate (IDCR) of 92%. Of note, a CNS response
was observed regardless of prior brain irradiation,
and 82% of patients responded by the time of first
assessment (within 6 weeks).””

Finally, it should be mentioned that an ongoing
phase I study (BLOOM) [Clinical Trials.gov identi-
fier: NCT02228369] designed to assess the efficacy
of osimertinib in EGFR-TKIs pretreated patients
with BMs/leptomeningeal carcinomatosis from
EGFRm NSCLC confirmed by positive cerebro-
spinal fluid (CSF) cytology. Preliminary results
were presented at the 2016 American Society of
Clinical Oncology (ASCO)meeting. A total of 20
patients were dosed with osimertinib 80 mg. Of 12
reaching a 12-week intracranial image assessment,
7 had radiological improvement, 2 had a stable dis-
ease and 3 were not evaluable. Importantly, of 12
patients reaching the 12-week neurological assess-
ment, 6 were symptomatic, of which 3 had improve-
ment in neurological symptoms, while 1 had no
change and 2 were not evaluable. Notably, of 9
patients with pre-dose and cycle 2 day 1 CSF time-
point samples, 8 had a significant decrease in
EGFRm DNA copy, which was >50% in 5
patients.”® Taken together, these data support the
hypothesis that osimertinib can actually cross the
BBB and be effective against CNS metastases from
EGFRm NSCLC. Certainly these findings are still
immature and should be interpreted with caution,
however are very encouraging.

Regulatory affairs

In November 2015, the US FDA granted osimer-
tinib approval for the treatment of patients with
T790M-positive advanced NSCLC who had pro-
gressed on or following first- or second-generation
EGFR-TKIs (gefitinib, erlotinib, afatinib) accom-
panied by the approval of a companion diagnostic
test (Cobas® EGFR Mutation Test v2; Roche).
Subsequently, osimertinib was registered with the
same indication in Europe, Japan and South
Korea. Of note, in Europe tissue- and blood-based
EGFR mutation testing before treatment with
osimertinib were allowed concurrently to the

journals.sagepub.com/home/tam

397


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 9(6)

Table 2. Clinical efficacy of osimertinib in advanced NSCLC.

Trial Phase (n) ORR DCR Median PFS Remaining alive and
progression-free
AURA®7 | (253) Overall: 51% Overall: 84% Overall: 8.2 months 12 months: 41%
T790M-: 21% T790M-: 61% T790M-: 2.8 months 18 months: 29%
T790M+:71% T790M+: 93% T790M+: 9.7 months 24 months: 17%
Pooled AURA Il (441) T790M+: 66% T790M: 91% T790M+: 11 months 12 months: 48%
extension - 18 months: NA
AURA-2¢7 24 months: NA
AURA 370 11(279) T790M+: 71% T790M+: 93% T790M+: 11 months 6 months: 69%

12 months: 44%

DCR, disease control rate; NSCLC, non-small cell lung cancer; ORR, objective response rate; PFS, progression-free survival; NA, not assessed.

approval of the drug. Conversely, in the US the
blood-based testing for EGFR mutations has been
available for determining osimertinib eligibility
since September 2016, but is not feasible in case
tissue sampling.

Conclusion and future perspectives
EGFR-TKIs represent the mainstay of first-line
therapy for patients with advanced NSCLC har-
boring sensitizing EGFR mutations. Nevertheless,
resistance to treatment invariably occurs, gener-
ally within 1 year. Patients with disease progres-
sion after first-line TKIs have been traditionally
switched to a platinum-doublet-based second-
line chemotherapy, which unfortunately yields a
disappointing ORR of 30%, considerably lower
compared with 51% and 71% reported with osi-
mertinib in phase I and II studies, respectively.?9:80
Recently, the results of the phase III AURA3
trial have been published and confirmed an
astounding clinical efficacy of osimertinib com-
pared with platinum-doublet chemotherapy
in terms of ORR and DCR (71% wversus 31%
and 93% wversus 74%, respectively).?3 Taken
together, these data suggest the use of osimerti-
nib upon documented T790M-mediated dis-
ease progression after therapy with EGFR-TKIs
of the precedent generation, setting aside cyto-
toxic platinum-based chemotherapy as third-line
treatment (Table 2).

Osimertinib is also being evaluated in a first-line
setting within the phase III clinical trial FLAURA
which compares osimertinib with gefitinib/
erlotinib in EGFRm treatment-naive advanced
NSCLC. This study is expected to provide novel
data that might elucidate whether osimertinib can

gain a role as upfront therapy, as T790M-positive
clones have been proven to coexist in untreated
patients with an EGFR-sensitizing mutation.
Finally, osimertinib is also being studied as part of
combination therapy. In the phase Ib trial
TATTON [ClinicalTrials.gov identifier:
NCT02143466] osimertinib was administered in
combination with either darvalumab (anti PD-L1),
selumetinib (MEK inhibitor) or savoltinib (MET
inhibitor). Preliminary results from the osimertinib
plus darvalumab cohort showed an ORR of 67%
(6/9) and 21% (3/14) in EGFR-TKI pretreated
patients with T790M positive and T790M nega-
tive NSCLC, respectively, and 70% (7/10) in
EGFRm treatment-naive patients.”” However, the
combination resulted in more toxicity, especially
with immunotherapy, with interstitial lung disease
and diarrhea occurring with higher incidence and
grade in an osimertinib—darvalumab association
then osimertinib or darvalumab alone.”
Interestingly, osimertinib is also being evaluated
in combination with dasatinib for the treatment
of patients with EGFRm NSCLC. Dasatinib is a
potent, orally available Abelson murine leuke-
mia viral oncogene homolog 1/Proto-Oncogene
Tyrosine-Protein Kinase Src (ABL1/SRC) TKI,
approved for the first-line treatment of chronic
myeloid leukemia and in patients with imatinib-
resistant disease and is being studied in patients
with advanced solid tumors. Recently, researchers
identified Cripto-1 overexpression as a mechanism
of intrinsic resistance to EGFR-TKIs via activation
of the SRC oncogene.8® On this basis, an open
label, nonrandomized, phase I/II trial evaluating
the combination of osimertinib and dasatinib in
TKI-naive, advanced, EGFRm NSCLC has been
designed, and is currently recruiting participants
[ClinicalTrials.gov identifier: NCT02954523].
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Lastly, osimertinib is being studied in combination
with bevacizumab for the treatment of TKI-naive
patients with EGFRm metastatic NSCLC in a
phase I/II clinical trial [ClinicalTrials.gov identi-
fier: NCTO02803203]. The estimated primary
completion date is June 2019.

Despite the impressive clinical results reported
so far, patients with T790M-positive advanced
NSCLC who initially respond to osimertinib con-
stantly develop resistance to treatment, with pre-
liminary data showing a PFS ranging from 9.7-11
months,42:69-70

In consideration of the clinical efficacy showed so
far and the favorable safety profile, osimertinib is
expected to become the standard treatment for
patients with EGFRm and documented T790M
mutation advanced NSCLC who progress on a
first- or second-generation EGFR-TKI. Ongoing
clinical trials will further clarify whether osimerti-
nib can carve out a role in a first-line setting or in
combination with other agents.

Along with osimertinib, several third-generation
EGFR-TKIs are wunder clinical investigation.
Rociletinib is a small mutant-selective, covalent
inhibitor of both the activating EGFR mutations
(exon 19 deletions and 1.858R) and the resistance
mutation T790M. Despite initial promising results
in terms of ORR (59%) and DCR (93%) among
patients with centrally confirmed T790M-positive
tumors in a phase I/II trial,*3 the updated ‘con-
firmed’ response rates were extremely disappoint-
ing, reaching 34% at a 625 mg twice daily dose and
28% at a 500 mg twice daily dose in patients with
T790M-positive NSCLC, with a median duration
of response of 9 months for both doses (Clovis
presentation at the JP Morgan Healthcare
Conference, 13 January 2016). Following the
achievement of these data, the developmental pro-
gram of rociletinib has been recently discontinued.

EGF816 is another third-generation covalent
EGFR inhibitor with potent inhibitory activity
against the most common sensitizing dell9 and
L858R mutations and resistant T790M
mutants.8! In preclinical models, EGF816 proved
to be more efficacious than earlier generation
EGFR inhibitors. Updated results of a phase I
study conducted in advanced harboring T790M
confirmed an ORR of 44% (56/127, with an addi-
tional 11 responders awaiting confirmation) with
a DCR of 91%. Additionally, the Kaplan—Meier
(KM) estimate of median duration of response

(mDOR) was 9.2 months, while the median KM
estimate of PFS was 9.2 months.8? Other third-
generation EGFR-TKIs (e.g. PF-06747775,
HM61713, ASP8273) are currently being evalu-
ated in phase I/II trials, but final results of ORR
and toxicities have not yet been published in peer-
reviewed journals.

Certainly, the development of resistance to
third-generation EGFR-TKIs represents a new
challenge in the treatment of EGFR-addicted
NSCLC. However, fourth generation TKIs that
might overcome C797S-mediated resistance are
already under preclinical evaluation and are
expected to provide a new weapon against this
deadly disease.
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