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Background: For patients with stage IV non-small-cell lung cancer with epidermal growth factor receptor (EGFR) exon
19 deletions and exon 21 L858R mutations, osimertinib is the standard of care. Investigating the activity and safety of
osimertinib in patients with EGFR exon 18 G719X, exon 20 S768I, or exon 21 L861Q mutations is of clinical interest.
Patients and methods: Patients with stage IV non-small-cell lung cancer with confirmed EGFR exon 18 G719X, exon 20
S768I, or exon 21 L861Q mutations were eligible. Patients were required to have measurable disease, an Eastern
Cooperative Oncology Group performance status of 0 or 1, and adequate organ function. Patients were required to
be EGFR tyrosine kinase inhibitor-naive. The primary objective was objective response rate, and secondary
objectives were progression-free survival, safety, and overall survival. The study used a two-stage design with a plan
to enroll 17 patients in the first stage, and the study was terminated after the first stage due to slow accrual.
Results: Between May 2018 and March 2020, 17 patients were enrolled and received study therapy. The median age of
patients was 70 years (interquartile range 62-76), the majority were female (n ¼ 11), had a performance status of 1
(n ¼ 10), and five patients had brain metastases at baseline. The objective response rate was 47% [95% confidence
interval (CI) 23% to 72%], and the radiographic responses observed were partial response (n ¼ 8), stable disease
(n ¼ 8), and progressive disease (n ¼ 1). The median progression-free survival was 10.5 months (95% CI 5.0-15.2
months), and the median OS was 13.8 months (95% CI 7.3-29.2 months). The median duration on treatment was
6.1 months (range 3.6-11.9 months), and the most common adverse events (regardless of attribution) were
diarrhea, fatigue, anorexia, weight loss, and dyspnea.
Conclusions: This trial suggests osimertinib has activity in patients with these uncommon EGFR mutations.
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Historically, patients with metastatic non-small-cell lung
cancer (NSCLC) were treated with platinum-based chemo-
therapy, which had a modest improvement in overall sur-
vival (OS). The field realized that platinum-based
chemotherapy had reached a therapeutic plateau, and
focused on developing targeted therapies.1 Epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitors
were among the first targeted therapies developed, and
they were initially investigated in patients who were not
selected based on molecular characteristics.2,3 In the early
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trials, however, patients with a history of never or light
smoking, adenocarcinoma, and Asian ancestry were
observed to have a higher response rate.4 These observa-
tions led to the identification of sensitizing EGFR mutations,
and clinical trials demonstrated the superiority of first- or
second-generation EGFR tyrosine kinase inhibitors (TKIs)
compared with chemotherapy in patients with a confirmed
EGFR exon 19 deletion or exon 21 L858R mutation.5

A subsequent trial demonstrated the superiority of osi-
mertinib compared with gefitinib or erlotinib in this patient
population.6 EGFR exon 19 deletions and exon 21 L858R
compromise the majority of the EGFR mutations and are
especially sensitive to EGFR TKIs.

Additional EGFR mutations were identified as oncogenic
drivers but were less sensitive to EGFR TKIs or associated
primary resistance to EGFR TKIs (EGFR exon 20 insertion
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mutations). EGFR mutations, such as exon 18 G719X, exon
20 S768I, and exon 21 L861Q mutations were associated
with lower response rates to EGFR TKIs. This subset of EGFR
mutations comprisew10%-15% of EGFR mutations, and are
often referred to as ‘uncommon EGFR mutations’ or ‘atyp-
ical EGFR mutations’.7 Preclinical data indicated that the
sensitivity to EGFR TKIs varied depending on the EGFR
mutation subtype and the specific EGFR TKI.8-10

When this trial was designed in 2017, the majority of the
clinical data available for ‘uncommon’ mutations were from
retrospective studies from patients treated in routine clin-
ical care which included a heterogeneous group of EGFR
mutations and EGFR TKIs.11-13 A post hoc analysis of three
trials of afatinib in 38 patients with NSCLC with EGFR exon
18 G719X, exon 20 S768I, and exon 21 L861Q mutations
reported an objective response rate (ORR) of 71% [95%
confidence interval (CI) 54% to 84%], and a median
progression-free survival (PFS) of 10.7 months (95% CI 5.6-
14.7 months).14 However, approximately 40% of patients
treated with afatinib 40 mg daily require a dose reduction,
mainly related to EGFR-related adverse events, which raised
concerns about the tolerability of this agent.15

Osimertinib, a third-generation EGFR TKI, had demon-
strated superiority compared with chemotherapy in pa-
tients with disease progression after a first-generation EGFR
TKI with an EGFR exon 19 deletion or exon 21 L858R mu-
tation and an exon T790M mutation and subsequently in
treatment-naive patients compared with first-generation
EGFR TKIs.6,16 In these trials, osimertinib was observed to
have a lower rate of EGFR-related adverse events compared
with first- and second-generation EGFR TKIs. In the second-
line trial, four patients with a G719X and one patient with
S768I EGFR mutations received osimertinib, and patients
with these mutations were excluded from the first-line trial.

Based on the limited data on the efficacy of osimertinib
in patients with ‘uncommon mutations,’ we developed an
investigator-initiated phase II trial of osimertinib in patients
with specific EGFR mutations (exon 18 G719X, exon 20
S768I, or exon 21 L861Q). These mutations were selected
based on the efficacy of afatinib in these specific mutations,
and to reduce the heterogeneity in the patient population.
The trial was originally designed as a two-stage trial;
however, due to slow accrual which was exacerbated by the
COVID-19 pandemic the trial closed after completion of
the first stage. We report the final results for this trial, and
the results are reported descriptively.

MATERIALS AND METHODS

Patients

Patients were required to have stage IV NSCLC, and EGFR
mutation testing as carried out on a Clinical Laboratory
Improvement Amendment certified laboratory test
demonstrating EGFR mutation of exon 18 G719X, exon 20
S768I, or exon 21 L861Q. Patients with compound muta-
tions (also referred to as multiple mutations) were eligible
provided one of the specified mutations was present. Pa-
tients were required to have an Eastern Cooperative
2 https://doi.org/10.1016/j.esmoop.2023.101183
Oncology Group (ECOG) performance status (PS) of 0 or 1,
and measurable disease by Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1.17 Patients were required
to have adequate hepatic, renal, and hematologic function
on laboratory parameters. Patients were required to have a
left ventricular ejection fraction �45% on echocardiogram,
and normal QT interval on electrocardiograms (ECG) eval-
uation QT corrected interval of �450 ms in males or �470
ms in females obtained from three ECGs. Patients with
treated brain metastases were eligible provided >14 days
had elapsed from completion of radiotherapy and the
treating physician determined the patient’s neurological
symptoms were stable, and patients with untreated
asymptomatic brain metastases were eligible.

Key exclusion criteria were prior therapy with EGFR TKI
therapy, more than two lines of prior systemic therapy for
metastatic NSCLC, and untreated and symptomatic brain
metastases. Patients with concurrent EGFR mutation with
exon 20 T790M, exon 19 deletion, exon 21 L858R mutation,
or exon 20 insertion were excluded.

The institutional review boards of all the participating
centers approved the study, and this trial was conducted in
accordance with Good Clinical Practice guidelines and the
provisions of the Declaration of Helsinki. Patients were
required to provide written informed consent before any
study-related procedures.

Treatment administration and assessments

Patients received osimertinib 80 mg daily, and one cycle
was defined as 28 days. Adverse events were assessed by
the investigator using Common Terminology Criteria for
Adverse Events (CTCAE) version 4.03 and with each cycle.
Repeat ECGs were performed per institutional standard.
Dose modifications for adverse events were defined in the
protocol. Patients who experienced grade 3, intolerable
grade 2 adverse events that did not resolve to grade �1
after 21 days, or had recurrent adverse grade 3 or intoler-
able grade 2 adverse events after dose reduction to 40 mg
daily, discontinued study therapy. The patient’s medication
diary was collected at each study visit.

Patients underwent computed tomography (CT) scans of
the chest and abdomen, and brain magnetic resonance
imaging scans were obtained at baseline. Patients had
repeat assessment with CT scans of the chest and abdomen
every two cycles. Patients without brain metastases un-
derwent repeat brain imaging as clinically indicated, and
patients with brain metastases underwent repeat imaging
every three cycles.

Patients continued study therapy until disease progression,
unacceptable toxicity, or withdrawal of informed consent.

Study outcomes

The primary study outcome was ORR as assessed by the
investigator using RECIST 1.1. Secondary endpoints were PFS,
which was defined from the start of study therapy until dis-
ease progression using RECIST 1.1 or death (whichever occurs
first), and OS which was defined as from the start of study
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23 Patients consented and
screened for study enrollment

Ineligible patients

Prolonged QT interval (n = 2)
Cardiac ejection fraction <45% (n = 1)
Non-evaluable by RECIST (n = 1)
Ineligible by EGFR mutation criteria (n = 1)
Untreated and symptomatic brain metastases (n = 1)

17 Patients received study
therapy

Reasons for treatment 
discontinuationa

Disease progression (n = 11)
Adverse events (n = 2)
Provider decision (n = 1)
Decline in PS (n = 1)

Figure 1. Patient disposition.
EGFR, epidermal growth factor receptor; PS, performance status; RECIST, Response Evaluation Criteria in Solid Tumors.
aTwo patients remain on treatment at the time of the analysis.
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therapy until death. Exploratory endpoints were the ORR and
PFS in patients with NSCLC with an EGFR mutation of the
exon 18 G719X, exon 20 S768I, exon 21 L861Q, and com-
pound mutations, as previously defined. A post hoc analysis of
duration of response was carried out, which was defined from
the start of study therapy to the end of response.
Study design and statistical analysis

This study was an investigator-initiated, multicenter, open
label, single-arm phase II clinical trial. The safety analysis set
included all patients who received at least one dose of osi-
mertinib. A modified intent-to-treat was used for the efficacy
analysis set, in which patients who withdrew consent or
were ineligible before receiving study therapy were not
included. The trial was designed to test the null hypothesis
that the ORR was �20% against the alternative that the ORR
was �40% with a one-sided type I error rate of 0.10 and
w90% power. This study used a Simon’s optimal two-stage
design, in which 17 patients were to be enrolled in the
first stage and if three or fewer responses were observed,
the study would be terminated.18 If four or more responses
were observed, the study would enroll an additional 20 pa-
tients for a total of 37 patients. Due to slow accrual, how-
ever, the study was terminated after the first stage. The
results are reported descriptively, and formal hypothesis
Volume 8 - Issue 2 - 2023
testing was not carried out. Time-to-event endpoints are
summarized using the KaplaneMeier method, and 95% CIs
using Greenwood’s formula. The ORR rate was estimated
and its 95% CI was computed using the ClopperePearson
method. Statistical analyses were carried out using SAS
version 9.4. This study is registered with ClinicalTrials.gov
(ClinicalTrials.gov Identifier: NCT03434418).
RESULTS

Between May 2018 and March 2020, 23 patients underwent
study screening, and 17 eligible patients were enrolled and
received study therapy (Figure 1). Data analysis was carried
out as of 16 September 2022. The median age of patients
was 70 years [interquartile range (IQR) 62-76 years], the
majority were female (n ¼ 11), had a PS of 1 (n ¼ 10), and
five patients had brain metastases at baseline (Table 1). Of
the five patients with baseline brain metastases, three
received radiation therapy for the brain metastases and two
were asymptomatic and untreated at baseline. The most
common EGFR mutation was G719X (n ¼ 7), L861Q (n ¼ 6),
and compound mutations (n ¼ 4). The ORR was 47% (95% CI
23% to 72%). Radiographic responses observed were partial
response (n ¼ 8), stable disease (n ¼ 8), and progressive
disease (n ¼ 1) (Figure 2). With a median follow-up of 12.6
months (range 5.1-31.0 months), 14 of the 17 patients have
https://doi.org/10.1016/j.esmoop.2023.101183 3
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Table 1. Patient characteristics

Characteristic Total patients (n [ 17)

Median age (years) 70 (IQR 62-76)
Gender
Female 11
Male 6

Race
White 12
Black or African American 3
Asian 2

ECOG performance status
0 7
1 10

EGFR mutation subtype
G719X 7
L861Q 6
G719X/L718X 1
G719X/S768I 1
L861Q/S768I 1
G719X/V689L 1

Location of metastasesa

Bone 8
Brain 5
Liver 5
Lung 4
Lymph node 8
Pleura 5

IQR, interquartile range.
aPatients could have more than one location for metastases.
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experienced a PFS event, and the median PFS was 10.5
months (95% CI 5.0-15.2 months), and 12 of the 17 patients
have died and the median OS was 13.8 months (95% CI
L861Q

G719X

G719X
G719X
L718X
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L861Q G719A
V689L
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Figure 2. Waterfall plot for target lesion tumor size.
PD, progressive disease; PR, partial response; SD, stable disease.
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9.3-29.2 months) (Figure 3). The median duration of
response (n ¼ 8) was 8.7 months (range 1.9-13.9 months).
The exploratory analysis of the efficacy by mutation subtype
is presented in Supplementary Table S1, available at https://
doi.org/10.1016/j.esmoop.2023.101183. In the subset of
patients with brain metastases at baseline (n ¼ 5), the ORR
was 40% (95% CI 5% to 85%), the median duration of
response was 8.8 months (3.8 months in one patient and
13.9 months in one patient), the median PFS was 6.6 months
(95% CI 1.6 months to not evaluable), and the median OS
was 13.8 (95% CI 4.3 to not evaluable).

The median duration on treatment was 6.1 months
(range 3.6-11.9 months), and the adverse events (regardless
of attribution) observed in two or more patients are pre-
sented in Table 2. The most common all grade adverse
events (regardless of attribution) observed were diarrhea
(n ¼ 13), fatigue (n ¼ 9), anorexia (n ¼ 7), weight loss (n ¼
7), dyspnea (n ¼ 6), vomiting (n ¼ 5), abdominal pain (n ¼
5), cough (n ¼ 4), acneiform rash (n ¼ 4), and mac-
ulopapular rash (n ¼ 4). Two grade 4 events were observed
(respiratory failure and thromboembolic event), and no
grade 5 events were observed. Of the 17 patients enrolled,
2 patients remain on therapy at the time of analysis and 15
discontinued therapy. The most common reasons for
treatment discontinuation were disease progression (n ¼
11), adverse events (n ¼ 2), decline in PS (n ¼ 1), and
provider decision (n ¼ 1) (Figure 1). The specific adverse
events that lead to treatment discontinuation were grade 3
QT prolongation and grade 3 infection.
Q

G719X

L861Q

G719X

G719X
S768I

L861Q G719X

L861Q
S768I

Best response
PD

PR

SD
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Figure 3. Progression-free survival (PFS) and overall survival (OS) KaplaneMeier curves.
CI, confidence interval.
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DISCUSSION

Unfortunately, this trial was closed before completing the
intended accrual, and the data are observational. The ORR
of 47% (95% CI 23% to 72%), and the median PFS of 10.5
months, however, demonstrate promising activity. Of note,
the lower limit of the ORR is greater than the ORR of 20%
which was set to be not worthy for further investigation
specified at the time of study design. We did not accrue
enough patients to determine whether there was a trend
for greater activity for a specific mutation which limits the
value of the exploratory analyses.

The adverse events were collected regardless of attribu-
tion, and this decision was based on the premise that
attributing causality between treatment- and disease-
related adverse events can be difficult. The higher rate of
adverse events observed may be related to lower response
rate observed in this patient population compared with
patients with an EGFR exon 19 deletion and exon 21 L858R
mutation resulting in more disease-related adverse events.
The most common reason for treatment discontinuation
was disease progression, and only two patients dis-
continued treatment due to adverse events. One of the
events, QT prolongation, was likely treatment related and
the other event was an infection which was not related to
treatment. If we focus on the specific EGFR-related adverse
events of rash and diarrhea, the rate of these events is
similar to those in other studies of osimertinib.

At the time this trial was designed in 2017, data of the
efficacy of osimertinib were lacking, but since that time
Volume 8 - Issue 2 - 2023
another single-arm phase II trial revealed the activity of
osimertinib in uncommon mutations (n ¼ 36).19 The ORR
was 50% (18 of 36 patients; 95% CI 33% to 67%). Median
PFS was 8.2 months (95% CI 5.9-10.5 months), similar to our
study. The most common adverse events (any grade)
observed in that study were rash, pruritus, decreased
appetite, diarrhea, and dyspnea. Thus, the two studies
reveal similar activity and adverse events.

A retrospective study of 299 patients treated on clinical
trials with osimertinib, identified 21 patients with these
mutations.20 Ten patients were previously treated with an
EGFR TKI, and three had a T790M resistance mutation. The
entire cohort ORR was 47.6% (95% CI 25.7% to 70.2%)
and the median PFS was 5.5 months (95% CI 4.2-6.7
months). In the cohort of patients with first-line osi-
mertinib (n ¼ 11) the ORR was 63.6% (95% CI 30.8% to
89.1%) and the median PFS was 5.5 months. A retro-
spective, global, multicenter study reviewed existing
health records identified consecutive EGFR TKI-naive pa-
tients with uncommon EGFR mutations.21 Two hundred
and forty-six patients were identified from nine countries,
and only six patients received osimertinib and were
assessable for response. These experiences suggest that
obtaining data on the activity of osimertinib in retro-
spective studies will be difficult.

Ultimately, multiple factors likely contributed to the slow
accrual. In retrospect, given the prevalence of uncommon
EGFR mutations in the United States we should have
designed the trial to have 5-10 study sites. An ongoing
https://doi.org/10.1016/j.esmoop.2023.101183 5
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Table 2. Adverse events

Adverse event, n (%) Grade 1 Grade 2 Grade 3 Grade 4

Abdominal pain 1 (6) 4 (24) 0 0
Anorexia 2 (12) 5 (29) 0 0
Bronchial infection 0 3 (18) 0 0
Bruising 2 (12) 0 0 0
Constipation 2 (12) 1 (6) 0 0
Cough 2 (12) 0 1 (6) 0
Creatinine increase 1 (6) 1 (6) 0 0
Depression 0 2 (12) 0 0
Diarrhea 8 (47) 4 (24) 1(6) 0
Dizziness 1 (6) 1 (6) 0 0
Dry mouth 3 (18) 1 (6) 0 0
Dry skin 3 (18) 1 (6) 0 0
Dysgeusia 2 (12) 0 0 0
Dyspepsia 1 (6) 1 (6) 0 0
Dyspnea 1 (6) 5 (29) 0 0
Edema (limbs) 2 (12) 0 0 0
Epistaxis 2 (12) 0 0 0
Fall 1 (6) 2 (12) 0 0
Fatigue 5 (29) 4 (23) 0 0
Flank pain 2 (12) 0 0 0
Post-nasal drip 2 (12) 0 0 0
Productive cough 2 (12) 1 (6) 1 (6) 0
QT interval prolonged 0 0 2 (12) 0
Rash acneiform 4 (23) 0 0 0
Rash maculopapular 4 (23) 0 0 0
Thromboembolic event 0 0 2 (12) 1 (6)
Tumor pain 1 (6) 1 (6) 0 0
Urinary tract infection 0 2 (12) 0 0
Vomiting 2 (12) 3 (18) 0 0
Weight loss 5 (29) 1 (6) 1 (6) 0
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single-arm phase II trial with a similar design in Japan will
enroll 40 patients, and plans on having 30 study sites.22 We
also selected the EGFR mutation subtype based on the
patients eligible to receive afatinib, so there would be
similarity in the molecular characteristics of the patient
population. We could have included patients with EGFR
exon 18 E709X mutations, which have been reported to be
sensitive to first-generation EGFR TKIs.8 One challenge is
that there is no agreed upon definition of ‘uncommon’
EGFR mutation, and developing a consensus definition of
this term would facilitate future research. Another mecha-
nism of prospectively collecting data in this patient popu-
lation is international registries which have been used for
the patients with RET fusions and NRG1 fusions.23,24 In our
trial we limited enrollment to patients with an ECOG PS of
0 or 1, and more recent targeted therapy trials have allowed
enrollment of patients with ECOG PS of 2. A broader PS
eligibility criterion may have facilitated enrollment and
made the study a better reflection of the patients who are
seen in routine clinical care.

Although our trial did not complete accrual, we hope the
data obtained will help in the development of future trials
or be combined with other trials to develop a better un-
derstanding of the clinical benefit of osimertinib in this
patient population.
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