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ABSTRACT

Introduction: Osimertinib is an oral, potent, irreversible
EGFR tyrosine kinase inhibitor (TKI) selective for EGFR TKI
and T790M resistance mutations. To enhance understand-
ing of osimertinib’s mechanism of action, we aimed to
evaluate the modulation of key molecular biomarkers after
osimertinib treatment in paired clinical samples from the
phase I AURA trial.

Methods: Paired tumor biopsy samples were collected
before the study and after 15 plus or minus 7 days of osi-
mertinib treatment (80 or 160 mg daily). Clinical efficacy
outcomes were assessed according to whether viable paired
biopsy samples could be collected; safety was also assessed.
Immunohistochemical analyses assessed key pathway
and tumor/immune-relevant markers (phospho-EGFR,
phospho-S6, phospho-AKT, programmed death ligand 1, and
CD8), with samples scored by image analysis or a patholo-
gist blinded to treatment allocation.

Results: Predose tumor biopsy samples were collected
from 61 patients with EGFR T790M tumors; 29 patients had
no viable postdose biopsy sample because of tumor
regression or insufficient tumor sample. Evaluable predose
and postdose tumor biopsy samples were collected from 24
patients. Objective response rate (ORR) and median
progression-free survival (mPFS) were improved in patients
from whom a postdose biopsy sample could not be collected
(ORR 62% and mPFS 9.7 months [p ¼ 0.027]) compared
with those from whom paired samples were collected (ORR
29% and mPFS 6.6 months). Osimertinib modulated key
EGFR signaling pathways and led to increased immune cell
infiltration.

Conclusions: Collection of paired biopsy samples was
challenging because of rapid tumor regression after osi-
mertinib treatment, highlighting the difficulties of per-
forming on-study biopsies in patients treated with highly
active drugs.

� 2017 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction
EGFR tyrosine kinase inhibitor (TKI)-sensitizing mu-

tations occur in approximately 10% to 15% of Western
and 30% to 40% of Asian patients with advanced
NSCLC.1–3 Current guidelines for this patient population
recommend first-line treatment with the EGFR
TKIs erlotinib, afatinib, and gefitinib.4 Despite initial
responses, acquired resistance and subsequent disease
progression typically occur within 1 to 2 years of treat-
ment initiation.4–8 An additional mutation in exon 20 of
the EGFR kinase domain, T790M, is responsible for
resistance in approximately 60% of patients in whom
acquired resistance develops.9,10

Osimertinib is an oral, potent, irreversible EGFR TKI
selective for EGFR mutations and the T790M resistance
mutation. In murine models, osimertinib induced dura-
ble tumor shrinkage consistent with inhibition of EGFR
signaling and its downstream pathways.11 Results from
the phase III AURA3 trial confirmed that osimertinib is
superior to chemotherapy in patients with T790M who
had progressed during prior treatment with an EGFR
TKI12; osimertinib is approved for this indication in
multiple countries.4

We are reporting results from a planned paired
biopsy analysis conducted in patients with advanced
T790M NSCLC after prior treatment with an EGFR TKI
who received osimertinib during the phase I AURA study
(NCT01802632). This unique analysis aimed to assess
the modulation of key components of the EGFR-signaling
pathway, along with changes in the immune system,
in paired patient tumor samples after exposure to
osimertinib.

Patients and Methods
Study Design and Participants

Full details of the methodology for the AURA Phase I,
open-label, multicenter study (NCT01802632) of osi-
mertinib have been published.13 Patients with tumor
EGFR T790M status confirmed in a postprogression
biopsy sample were enrolled to a preplanned paired
biopsy sample cohort as part of the dose expansion
cohorts of the study (see Supplementary Material for
details). Eligibility criteria for this cohort included the
presence of at least one nontarget lesion suitable for
multiple biopsies during the study. Patients received 80
mg or 160 mg osimertinib, orally, once daily.

Osimertinib treatment was continued until disease
progression (treatment beyond progression was
permitted in patients with continued clinical benefit), the
development of unacceptable adverse events (AEs), or
withdrawal of consent. All participating sites received
approval from the associated independent institutional
review board or independent ethics committee. The
study was performed in accordance with the Declaration
of Helsinki and is consistent with International Confer-
ence on Harmonization/Good Clinical Practice, appli-
cable regulatory requirements, and the AstraZeneca
policy on bioethics. All patients provided written
informed consent before study inclusion.

Paired Tumor Tissue Sampling
Fresh tumor biopsy samples were collected at

screening (before treatment with osimertinib), where
possible. Alternatively, existing biopsy samples collected
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after progression during the most recent line of therapy
could be provided. In addition to the mandatory pre–
osimertinib treatment biopsy sample, which was used
as the baseline biopsy sample for all planned paired
analyses and for central identification of T790M muta-
tion status; an optional biopsy sample could be collected
from a secondary lesion. On-study tumor biopsy samples
were taken after 15 days (±7 days) of treatment with
osimertinib.
Assessments
All patients had efficacy and safety assessments; pa-

tients received computed tomography or magnetic
resonance imaging scans at baseline and every 6 weeks
thereafter until disease progression. Tumor response
was assessed by investigators according to the Response
Evaluation Criteria in Solid Tumors (version 1.1) to
determine objective response rate (ORR), duration of
response (DOR), and progression-free survival (PFS).
AEs were graded according to the National Cancer
Institute Common Terminology Criteria of Adverse
Events, version 4.
Patients enrolled in AURA phase I escalation and expansion cohorts
 (n = 402)

Patients signed informed consent to participate in paired
 biopsy sample analysis

(n = 125)    

Patients with T790M-positive tumors by central testing 
eligible for inclusion in this analysis

(n = 67)

Patients with successful collection of predose tumor biopsy sample
(n = 61)

Patients with successful collection of predose and postdose
 tumor biopsy samples

(n = 42)

Patients with paired tumor biopsy samples evaluable for
 biomarker analyses

(n = 24)

Figure 1. Flow diagram of the eligible study population. Of
participate in the paired biopsy sample analyses, 67 had T790
samples were successfully collected from 61 patients, and both
patients. Of these, 24 patients had viable predose and postdos
Immunohistochemical Analyses
Immunohistochemical analyses were conducted us-

ing predose and postdose paired samples to profile
relevant biomarkers from the EGFR signaling pathway
(phospho-EGFR [pEGFR] [Y1173]/phospho-S6 [pS6]
[Ser235/236]/phospho-AKT [Thr308]), the immu-
nooncology biomarker programmed death ligand-1
(PD-L1) positivity, and the prevalence of cytotoxic
T-cells (CD8) (see Supplementary Materials for further
details). Only patients for whom evaluable tumor sam-
ples were collected both before and after a dose were
included (Fig. 1).
Statistical Methods
Clinical data before the May 1, 2015, cutoff were

analyzed. All patients with measurable disease at baseline
according to the Response Evaluation Criteria in Solid
Tumors (version 1.1) who had received at least one dose
of osimertinib were considered evaluable for response
and included in efficacy assessments. Definitions of ORR,
DOR, and PFS have been presented previously13 (see
Supplementary Materials for further details).
Patients excluded
Postdose biopsy not possible due to tumor regression                 (n = 14)
Predose tumor biopsy sample depleted by central T790M testing  (n = 3)
Predose tumor biopsy sample lost to follow-up (shipping error)      (n = 1)
Patient medically excluded from postdose biopsy                          (n = 1)

Patients excluded
Postdose tumor biopsy sample had less than 100 viable tumor cells
Predose tumor biopsy sample had less than 100 viable tumor cells

(n = 15)
(n = 3) 

the 125 patients who provided signed informed consent to
M-positive tumors by central testing. Predose tumor biopsy
predose and postdose biopsy samples were collected from 42
e samples and were eligible for biomarker analyses.
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Results
Patients

Overall, 402 patients were enrolled across 35 cen-
ters globally onto the phase I component of AURA. Of
these, 271 patients were included in the dose expan-
sion cohorts, 190 received osimertinib at 80 mg or 160
mg once daily, and 125 provided signed informed
consent to participate in the paired biopsy sample
analysis. Of the 125 patients, 67 (54%) had T790M-
positive tumors by central testing; predose tumor
biopsy samples were successfully collected from 61
patients, and both predose and postdose biopsy sam-
ples were collected from 42 patients. Paired tumor
biopsy samples evaluable for biomarker analyses were
successfully collected from 24 patients (see Fig. 1),
most of whom underwent their on-study biopsy within
7 to 10 days (range 7–20 days, median 9.5 days) of
their first dose of osimertinib (16 of 24 [67%]). Eight
of 24 patients (33%) received osimertinib 80 mg once
daily; 16 patients (67%) received 160 mg once daily.
Baseline demographics in these 24 patients were
consistent with those reported for the overall study
population (Supplementary Table 1). There were 29
patients for whom a postdose biopsy was not possible
on account of tumor regression (n ¼ 14) or because of
the postdose biopsy sample having fewer than 100
viable tumor cells (n ¼ 15).
Paired Biopsy Collections and Clinical Response
The confirmed ORR in the 24 patients evaluable for

biomarker analyses was 29% (95% confidence inter-
val [CI]: 13–51) (Table 1) with a median duration of
follow-up of 2.8 months (interquartile range 1.4–5.5)
at the time of data cutoff. Three patients were not
Table 1. Efficacy Outcomes in Evaluable Patients Included in t

Endpoint
Predose and Postdose Biopsy Samples
Evaluable for Biomarker Analysis (n ¼

Median follow-up
(IQR), mo

2.8 (1.4–5.5)

Response, n (%)
Complete response 0 (0)
Partial response 7 (29)
Stable disease 13 (54)
Progressive disease 1 (4)
NE 3 (13)

ORR (95% CI), n (%) 7 (29) (13–51)
ORR in patients evaluable

for response (95% CI)a
7 (33) (15–57)

Median DOR (95% CI), mo NE (2.8–NE)
Median PFS (95% CI), mo 6.6 (3.9–NE)
aOf 24 patients, 21 were evaluable for response; two patients were not eligible, a
central review read, and one patient had no baseline scan.
CI, confidence interval; DOR, duration of response; IQR, interquartile range; NE
evaluable for efficacy; the ORR in the 21 evaluable
patients was 33% (95% CI: 15–57). Most patients
(54%) achieved stable disease. Responses were higher
in the 29 patients excluded from the biomarker ana-
lyses on account of lack of evaluable postdose biopsy
tissue; the difference in response from that of the
24 patients evaluable for biomarker analyses
(p ¼ 0.027). Confirmed responses were reported in
62% (95% CI: 42-79) of the 29 patients lacking
evaluable postdose biopsy tissue; the median duration
of follow-up was 5.5 months (interquartile range 2.7–
9.5). At the time of analysis, only one patient had
progressive disease; this patient was included in the
biomarker analyses group. In patients with an evalu-
able on-study biopsy sample (n ¼ 24 [Fig. 2]), the
median DOR was not calculable (NC) (95% CI: 2.8–NC)
and the median PFS was 6.6 months (95% CI: 3.9–NC);
the median time on treatment was 6.2 months. In the
29 patients in whom collection of a postdose biopsy
sample was not possible, the median DOR and median
PFS were 8.4 months (95% CI: 6.9–NC) and 9.7
months (95% CI: 7–NC), respectively (see Fig. 2); the
median time on treatment was 7.9 months. The
median PFS was not significantly different between
those patients with and those without an evaluable
on-study biopsy sample (p ¼ 0.101).

Safety
All patients who received one or more doses of osi-

mertinib and from whom a predose tumor biopsy sample
was successfully collected (n ¼ 61) were included in the
safety analysis. AEs in this subgroup of patients were
consistentwithprevious reports fromtheAURAstudy13 (see
Supplementary Material for details and Supplementary
Table 2).
he Paired Biopsy Sample Cohort

24)
Predose Biopsy Sample but No Postdose Biopsy Sample
(Tumor Regression/Lack of Viable Tissue) (n ¼ 29)

5.5 (2.7–9.5)

1 (3)
17 (59)
11 (38)
0
0
18 (62) (42–79)
—

8.4 (6.9–NE)
9.7 (7.0–NE)

s they did not have measurable disease according to the blinded independent

, nonevaluable; ORR, objective response rate; PFS, progression-free survival.
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Modulation of Key Molecular Biomarkers of
Osimertinib Activity

pEGFR, pS6, and phospho-AKT levels were reduced
from baseline in eight of nine (89%), 12 of 14 (86%),
and seven of 13 (54%) evaluable paired samples,
respectively. PD-L1 expression was consistently reduced
from baseline, with a corresponding trend toward
increased CD8-positive immune cell infiltration (Fig. 3)
(for details, see Supplementary Material, Supplementary
Table 3, and Supplementary Fig. 1).

Discussion
The collection of paired tumor samples for this

unique analysis was challenging; viable postdose biopsy
samples were available for only 24 of 61 patients with a
predose biopsy sample. To overcome this limitation,
collection of the postdose biopsy sample earlier in the
predefined collection window was recommended to in-
vestigators. The difficulties in collecting viable post-
treatment biopsy samples within 15 days (±7days) of
treatment initiation indicated that significant tumor
shrinkage may occur within the first 2 weeks of osi-
mertinib treatment in some patients. Response at first
scan (6 weeks after treatment initiation) has been
reported in most responders in both AURA and the
phase II AURA2 study13,14; this is consistent with other
TKIs that target oncogenic driver mutations, which also
show rapid times to first response.15

Patients eligible for the paired biopsy analyses ach-
ieved a lower ORR and median PFS (29% and 6.6
months, respectively) compared with patients for whom
it was not possible to collect a viable postdose biopsy
sample (62% and 9.7 months, respectively). These
results suggest that patients eligible for the biomarker
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analyses—those with persistent disease after osimerti-
nib treatment—may have less-responsive cancers
compared with the overall population. However,
although all patients had advanced disease, the analysis
was not controlled for overall tumor burden at baseline,
which may also be expected to influence response. The
ORR for all patients with T790M NSCLC was 61% in the
AURA phase I study (n ¼ 138), and PFS was 9.6
months.13 The relationship between persistent disease at
time of rebiopsy and a poorer response requires further
validation. In addition, biological studies are needed to
understand the mechanisms that may underlie the
observed differences in response.

Consistent with osimertinib’s mechanism of action
and preclinical data,11 immunohistochemical analyses in
a limited number of paired biopsy samples demon-
strated trends toward pharmacodynamic inhibition of
membrane pEGFR and cytoplasmic phospho-S6 levels.
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Furthermore, membrane PD-L1 levels were consistently
reduced after osimertinib treatment, with a corre-
sponding increase in immune cell infiltration suggesting
that inhibition of pEGFR by osimertinib may promote
positive immune changes within the tumor microenvi-
ronment. However, because of the challenges of postdose
biopsy sample collection, the number of paired samples
was small and the analysis likely representative of a
specific cohort of patients with limited response. Biopsy
sample collection within a few days of treatment initia-
tion may be required to accurately reflect biomarker
modulation in a clinically relevant population. Analyses
using plasma circulating tumor DNA offer an alternative
technique that may overcome some of the challenges of
obtaining tissue biopsy samples from patients with
advanced disease.
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