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ABSTRACT

Introduction. Osimertinib is a third-generation tyrosine
kinase inhibitor, initially approved for epidermal growth factor
receptor (EGFR) mutant non-small cell lung cancer (NSCLC)
with T790M acquired resistance, and now approved in the
first-line setting. However, data supporting the use of osimer-
tinib in untreated brain metastases are limited, although it
has established central nervous system (CNS) activity. Our
study compares the clinical outcomes of patients experiencing
progressing brain metastases treated with cranial irradiation
and osimertinib with those treated with osimertinib alone.
Methods. Forty patients who were treated with osimerti-
nib at the Stanford Cancer Center from November 2015 to
December 2016 were identified by searching an electronic
medical record database. Eleven patients had progressing
brain metastases and did not receive radiation (group A),
9 patients had progressing brain metastases and received
radiation when starting osimertinib (group B), and
20 patients had stable brain metastases at the time of initi-
ating osimertinib (group C). Patient and disease character-
istics, radiographic responses, and survival outcomes were
evaluated retrospectively for the three groups.

Results. The CNS response rate was 32.3%. Median time
to treatment failure (TTF), overall progression-free sur-
vival (PFS), and overall survival (OS) were 10.0 months
(95% confidence interval [CI], 4.5–11.8), 8.8 months (95%
CI, 6.2–12.1), and 16.2 months, respectively. Median TTF
was 15.1 months for group A (95% CI, 1.7–28.5),
7.7 months for group B (95% CI, 0–15.5), and 10.7 months
for group C (95% CI, 9.0–12.5). The median PFS was
8.8 months for group A (95% CI, 4.3–13.4), not reached
for group B, and 8.4 months for group C (95% CI,
5.6–11.1). The median OS was not reached for group A
and C, and was 16.2 months for group B. There was no
apparent difference in TTF, PFS, or OS between the three
groups.
Conclusion. Receiving radiation prior to starting osimertinib
for patients with progressing brain metastases did not pro-
long TTF, PFS, or OS in our series. To minimize the risks of
radiation-related toxicity, delaying radiation could be con-
sidered for some patients with EGFR-mutant NSCLC with
brain metastases who initially respond to osimertinib in
the second-line setting. The Oncologist 2019;24:836–843

Implications for Practice: Osimertinib is a third-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibi-
tor recently approved for the first-line treatment of EGFR-mutant non-small cell lung cancer. Although it appears to have
central nervous system (CNS) activity, most clinical trials have excluded patients with untreated, progressing brain metasta-
ses. This study included patients with stable and progressing CNS metastases treated with osimertinib and found no appar-
ent differences in median time to treatment failure, time to progression, and overall survival in patients who received
osimertinib alone compared with those who received osimertinib and radiosurgery. This may support a clinician’s decision
to defer radiation for selected patients with untreated brain metastases who are candidates for osimertinib therapy.

INTRODUCTION
The management of central nervous system (CNS) metasta-
ses in EGFR-mutant non-small cell lung cancer (NSCLC) pre-
sents a unique challenge, particularly related to the long
median overall survival from diagnosis of CNS metastases of

approximately 14.5 months for patients with EGFR-mutant
NSCLC, leading to the potential for adverse effects from radi-
ation [1]. In general, systemic chemotherapy has a limited
effect on CNS disease because of poor penetration of the
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blood-brain barrier. Although first-generation tyrosine kinase
inhibitors (TKIs) have shown CNS responses, therapies are
limited for patients who have progressed on them. Currently,
whole-brain radiation (WBRT), stereotactic radiosurgery
(SRS), or surgical resection of CNS metastases are the best
options for patients whose disease is refractory to systemic
therapies with CNS activity. However, a third-generation epi-
dermal growth factor receptor (EGFR) TKI that has efficacy
against the common EGFR driver mutations as well as the
T790M mutation, osimertinib (Tagrisso; AstraZeneca, London,
UK) may have better efficacy than previous-generation TKIs
in the management of NSCLC with brain metastases. Osimer-
tinib has evidence of clinically relevant penetration of the
blood-brain barrier and tumor regression in mouse models
as well as responses reported in patients with stable brain
and leptomeningeal metastases with no prior radiotherapy
[2–6]. Osimertinib was initially approved by the U.S. Food
and Drug Administration as second-line therapy for patients
who have progressed on first-generation TKIs and whose
tumors have the T790M acquired resistance mutation [7].
However, based on the data presented from the phase III
FLAURA trial, osimertinib was approved in April 2018 as first-
line therapy for EGFR-mutant NSCLC [8]. In the FLAURA trial,
the median progression-free survival (PFS) for osimertinib
was 18.9 months compared with 10.2 months for the first-
generation drugs gefitinib or erlotinib. However, the FLAURA
trial only included patients with stable or treated brain
metastases at baseline.

Because these clinical trials excluded patients with pro-
gressing brain metastases, there are limited data on the
effect of osimertinib in this patient population. We con-
ducted a single-center retrospective study of 40 patients with
brain metastases treated with osimertinib at our institution

to analyze outcomes. Our hypothesis is that some patients
with EGFR-mutant lung cancer with brain metastases that ini-
tially respond to osimertinib may be able to defer or delay
radiation without reducing overall survival.

MATERIALS AND METHODS

Study Design and Patients
We retrospectively reviewed the medical records of all
patients who were treated with commercial osimertinib
from November 2015 to December 2016 at our institution,
using a cohort identified by the Stanford Cancer Institute
Research Database. Institutional review board approval
was obtained at Stanford University. The cutoff date for
data collection was October 15, 2017. Sixty patients were
identified who had been started on osimertinib during the
study period, and of these patients, 40 patients had brain
metastases at baseline. The baseline characteristics of
these patients, including age, sex, stage, smoking history,
T790M status, status of brain metastases, size of brain
metastases, presence of neurologic symptoms, and prior
treatment regimens, were noted. The dates of initial cancer
diagnosis, brain metastases diagnosis, initiation and com-
pletion of osimertinib, systemic and CNS progression, most
recent follow-up, and death were noted, if known.

Patients with brain metastases were stratified into three
groups: 11 patients with progressing brain lesions who did not
receive radiation (group A), 9 patients with progressing brain
lesions who did receive radiation (group B), and 20 patients
with stable, untreated brain lesions at the time of initiating osi-
mertinib (group C). All patients received standard 80 mg dosing
of osimertinib with the exception of three patients in group A,
two of whom received 160 mg daily and one of whom received

Table 1. Baseline characteristics of patients with brain metastases

Characteristic
All patients

(n = 40), n (%)

Untreated brain
metastases

(n = 10), n (%)

Treated brain
metastases

(n = 10), n (%)

Stable brain
metastases

(n = 20), n (%)

Age, median (range) 63 (32–81) 65 (32–77) 62 (42–81) 60 (37–81)

Sex, female 29 (72.5) 6 (60) 8 (80) 15 (75)

Ethnicity

Asian 20 (50) 7 (70) 7 (70) 6 (30)

White 15 (37.5) 3 (30) 3 (30) 9 (45)

Other ethnicity 5 (12.5) 0 0 5 (25)

Smoking history

Former 5 (12.5) 0 2 (20) 3 (15)

Never 33 (82.5) 9 (90) 8 (80) 16 (80)

Unknown 2 (5) 1 (10) 0 1 (5)

T790M status

Positive 30 (75) 6 (60) 7 (70) 17 (85)

Negative 5 (12.5) 1 (10) 2 (20) 2 (10)

Unknown 5 (12.5) 3 (30) 1 (10) 1 (5)

Presence of neurologic symptoms 11 (27.5) 4 (40) 4 (40) 3 (15)

Prior lines of treatment, median (range) 2 (1–6) 2 (1–4) 2 (1–4) 2 (1–6)

Prior lines of TKI, median (range) 1 (1–4) 1 (1–2) 1 (1–2) 1 (1–4)

Abbreviation: TKI, tyrosine kinase inhibitor.
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80 mg every other day. The patients in group B received Cyber-
knife (Accuray, Sunnyvale, CA) as the only modality of CNS irra-
diation, and no patients received WBRT prior to starting
osimertinib. Tumor response was determined for CNS and sys-
temic disease. Systemic tumor response was calculated based
on computed tomography scans, generally performed every
2–4 months for all patients, based on RECIST version 1.1. CNS
progression, based on MRI with contrast performed every

6 weeks to 4 months, was defined as the development of new
brain lesions or an interpretation of growth of existing lesions
by the local radiologist. Complete remission (CR) of CNS disease
was defined as the disappearance of all brain lesions. Partial
response (PR) of CNS disease was defined as decrease of
greater than 30% of all brain lesions larger than 10 mm or an
interpretation of significant reduction of brain lesions by a radi-
ologist for patients with unmeasurable lesions at baseline. Con-
firmation of PR was not required. Stability of CNS disease was
defined as disease activity not meeting criteria for progression,
PR, or CR of CNS disease. Time to treatment failure (TTF) was
measured from the date of initiation of osimertinib to the date
of the event of stopping therapy or death, with censorship at
the last follow-up visit for patients lost to follow-up, regardless
of radiographic changes in disease status. PFS was measured
from the date of initiation of osimertinib to the date of the
event of overall progression or death, with censorship at the
last follow-up visit for patients lost to follow-up. Time to CNS
progression was measured from the date of initiation of osi-
mertinib to the date of the event of progression of CNS disease
or death, with censorship at the last follow-up visit for patients
lost to follow-up.

Statistical Analysis
Clinical outcomes were calculated, including TTF, PFS, and
overall survival (OS). Survival curves were estimated using
the Kaplan-Meier method with analysis performed using
SPSS (IBM, Armonk, NY). Survival curves were compared
using the log-rank test without adjustment for variables. A
swimmer chart was created using Apple Numbers (Apple,
Cupertino, CA).

RESULTS

Patient Characteristics
Forty patients with EGFR-mutant adenocarcinoma with
brain metastases began treatment with osimertinib during
a period from November 2015 to December 2016. The
patient characteristics for the three groups are summarized
in Table 1. The characteristics of age, sex, smoking history,
stage at diagnosis, T790M status, and prior treatment his-
tory were similar between the three groups. The median
age was 63 years. Regarding sex, 72.5% of patients were
female. Groups A and B each included 70% of patients with
Asian ethnicity and 30% of patients with white ethnicity,
whereas group C included 30% Asian patients, 45% white
patients, and 25% patients of another ethnicity (Hispanic
or African American). Regarding smoking history, 82.5% of
patients were lifetime nonsmokers. The T790M status neg-
ativity was 12.5%. The five patients who were T790M nega-
tive were only tested with liquid biopsy, which may have
led to false negative results. Groups A and B each included
40% of patients experiencing neurologic symptoms,
whereas group C had 15% of patients with neurologic
symptoms. All groups had median two prior lines of treat-
ment and one prior line of TKI; 96.7% of patients had
received erlotinib previously. Group A tended to have non-
significantly smaller sizes of brain metastases compared

Figure 1. TTF, PFS, and OS curves for all patients.
Abbreviations: CI, confidence interval; OS, overall survival; PFS,
progression-free survival; TTF, time to treatment failure.
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with the patients who received radiation, with a mean size
of 9 mm (range of 3–25 mm) compared with 11 mm (range
of 4–30 mm; p = .468).

Clinical Outcomes
The CNS response rate to osimertinib was 32.3% for the
31 patients who had evaluable disease at 3 months, with
three CRs (9.7%) noted. Of the nine nonevaluable
patients, survival information was available, but their dis-
ease status was nonevaluable because five died within
3 months of starting osimertinib, and the other patients
did not have accessible imaging. Of the 40 patients with
brain metastases, the median TTF was 10.0 months (95%
confidence interval [CI] 6.2–13.9), PFS was 8.8 months
(95% CI, 6.3–11.3), and OS was 16.2 months (95% CI,
12.6–18.2), shown in Figure 1. At the data cutoff,
12 patients were still receiving osimertinib. One of the
40 patients stopped osimertinib because of toxicity result-
ing in fatal pneumonitis.

The median TTF was 15.1 months for group A (95% CI,
1.7–28.5), 7.7 months for group B (95% CI, 0–15.5), and
10.7 months for group C (95% CI, 9.0–12.5). The median
PFS was 8.8 months for group A (95% CI, 4.3–13.4), not
reached for group B, and 8.4 months for group C (95% CI,
5.6–11.1). The median OS was not reached for group A and
C and was 16.2 months for group B.

There was no apparent difference with regard to TTF (p =
.775), PFS (p = .960), or OS (p = .282) noted between the three
groups, as shown in Figures 2–4. Of the patients in group A, one
patient was known to later receive brain irradiation about
13 months after starting osimertinib, which was still continued
at the last date of data collection. Of the patients in group B, no
patients received any additional brain irradiation, and one
patient received craniotomy for resection of a brain metastasis

about 15 months after starting osimertinib, which was still con-
tinued at the last date of data collection.

Figure 5 shows the best CNS response and duration of
therapy for 31 patients with brain metastases who had
follow-up imaging. Nine patients had progressing brain
metastases and did not receive local radiation. Of these
nine patients, two patients had radiographic evidence of
CNS response, including one patient with complete resolu-
tion of CNS lesions, and seven patients had initially stable
disease, of whom two were later continued on osimertinib
after progression of brain metastases. The interval MRI
imaging of one of the patients who experienced a partial
response on osimertinib alone is shown here (Fig. 6). Seven
patients received radiation for their progressing brain
metastases within 1 month of initiating osimertinib. Of
these seven patients, two patients had radiographic evi-
dence of CNS response, including one patient with com-
plete response, two patients with progressive CNS disease,
and three patients with stable disease. Fifteen patients
had stable brain metastases at the time of starting osimer-
tinib. Of these 15 patients, 4 patients had radiographic
evidence of CNS response, including 1 patient with com-
plete response, 3 patients with progressive CNS disease,
and 8 patients with stable CNS disease. All groups of
patients (progressing brain metastases with and without
concomitant radiation, and stable brain metastases) had a
similar distribution of CNS disease outcomes, including
complete resolution, disease stability, and progression.

DISCUSSION

We conducted a retrospective analysis of patients with
EGFR-mutant NSCLC with progressing brain metastases
who were treated with cranial irradiation and osimertinib
compared with those treated with osimertinib alone.
There are currently limited data on the effectiveness of

Figure 2. PFS for patients with progressing brain metastases without radiation, progressing brain metastases with radiation, and
stable brain disease at the time of starting osimertinib.
Abbreviations: CI, confidence interval; PFS, progression-free survival.
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osimertinib alone for patients with progressing brain
metastases. Some case reports have demonstrated that
the clinical responses achieved on osimertinib may obvi-
ate the need for whole-brain radiation in some patients
[9, 10]. The phase I BLOOM study studied the effects of
osimertinib 160 mg daily on 20 patients with advanced
NSCLC who had progressed on prior EGFR TKIs and had
confirmed leptomeningeal disease by cerebrospinal fluid
cytology, but the study did not focus on parenchymal

metastases [6]. The subset of 75 patients in the AURA3
trial with stable and progressing CNS metastases treated
with osimertinib in the second-line setting were noted to
have a median CNS PFS of 11.7 months, whereas the
overall population had a PFS of 10.1 months for osimerti-
nib in the second-line setting [11]. Our single-institution
data reveal a shorter median PFS of 8.8 months in NSCLC
patients with brain metastases. However, this compares
favorably, considering that our “real world” population

Figure 3. TTF for patients with progressing brain metastases without radiation, progressing brain metastases with radiation, and
stable brain disease at the time of starting osimertinib.
Abbreviations: CI, confidence interval; TTF, time to treatment failure.

Figure 4. OS for patients with progressing brain metastases without radiation, progressing brain metastases with radiation, and
stable brain disease at the time of starting osimertinib.
Abbreviation: OS, overall survival.
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may not have met the inclusion criteria for a trial such as
AURA3 because of borderline functional status, higher
number of prior lines of therapy, and lack of availability
of tissue for T790M testing.

A recent pooled, multicenter retrospective analysis sug-
gested that patients receiving SRS prior to first-line erloti-
nib had superior overall survival (46 months) compared
with those receiving WBRT (30 months) or those receiving
erlotinib with deferral of radiotherapy (25 months) [12]. It
is unclear whether the same survival benefit may be true
for receiving SRS prior to starting osimertinib. Our study
indicates that there is no apparent difference in TTF, PFS,
or OS for patients with brain metastases regardless of
whether they received local radiation therapy prior to
starting osimertinib. It also suggests that initiating osimerti-
nib alone may a reasonable choice even for patients with
progressing brain metastases.

Our study has several limitations. Most notably it is a
small retrospective analysis at a single center, which may
limit the detection of statistically meaningful differences
between the three groups. Furthermore, the criteria used
to determine CNS and systemic response and progression
were based on data available to a treating physician, includ-
ing imaging and reports. Only three patients had untreated
CNS lesions that were 10 mm or greater that would have
allowed application of RECIST 1.1 criteria to these lesions.
We believe that this methodology would be consistent with
a treating physician’s assessment of response and progres-
sion, but it is possible that our conclusions could differ from
those obtained using central radiological review and other
methods. The survival outcomes calculated are grossly com-
parable to those from clinical trials, but larger prospective
studies are needed to further evaluate for differences in
outcomes for patients receiving osimertinib alone compared

Figure 5. Swimmer’s plot of 31 patients who had evaluable brain metastases showing duration of best brain response and dura-
tion of osimertinib use after central nervous system progression. Patients with lines that terminate with arrows were still alive
and receiving osimertinib at last follow-up. Patients with lines that terminate without arrows were known to be no longer receiv-
ing osimertinib because of death, progression of disease, toxicity, or unknown reason, as stated.
Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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with those receiving CNS radiation at the time of initiating
osimertinib. In our study, there may be differences between
the radiation-receiving and non-radiation-receiving groups
for patients with progressing brain metastases in terms of
initial size of CNS lesions and performance status, leading
to selection bias. The median size of the largest lesions
measured was lower for the patients with progressing brain
metastases who did not receive radiation compared with
the patients with progressing brain metastases who did
receive radiation, but this difference was not statistically
significant, and otherwise the two groups had similar base-
line characteristics. Additionally, differences in specific neu-
rologic symptoms and severity may have led to a clinical
decision to defer radiation in less symptomatic patients,
but this effect is hard to discern from retrospective chart
review. Most patients in this study were not documented
to have neurologic symptoms or deficits, which may limit
the generalizability of our results to a more symptomatic
patient population.

Given the emergence of osimertinib as a first-line drug
for NSCLC after the FLAURA results, one remaining question
is the optimal therapy for patients with brain metastases
who have progressed on osimertinib in the first-line setting.
It has been hypothesized that EGFR-mutant NSCLC may be
particularly radiosensitive, as shown in one study in which
54% of patients with EGFR mutations received a response
from WBRT, which was double the response in the EGFR
wild-type group [13]. In another study, EGFR-mutant patients
who received radiation had an increased time to CNS pro-
gression compared with EGFR wild-type patients [1]. There-
fore, radiotherapy may have some extended benefits for
patients with EGFR-mutant NSCLC beyond progression, but
this should be weighed against the potential of long-term tox-
icity from radiation.

CONCLUSION

This study found an initial CNS response rate to second-line
osimertinib of 32.3% and a median TTF of 10.0 months,

PFS of 8.8 months, and OS of 16.2 months. There was no
apparent difference in PFS, TTF, or OS for patients who did
not receive cranial irradiation at the time of initiating osi-
mertinib compared with patients treated with cranial irra-
diation for progressing brain metastases at the time of
starting osimertinib. When selecting patients who may be
appropriate for deferral of initial CNS irradiation, we rec-
ommend doing so judiciously for patients who have small
lesions (<10 mm) with minimal or no vasogenic edema and
are asymptomatic or minimally symptomatic. In general,
our group defers WBRT when an alternative systemic ther-
apy with CNS penetration, such as osimertinib, is available.
We generally recommend follow-up imaging every 2–3
months when using systemic therapy alone. Deferral of cra-
nial irradiation may be considered for select patients who
initially respond to second-line osimertinib, but further
prospective studies are needed to elucidate the longer-
term risks and benefits of this approach.
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