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ABSTRACT

Introduction: Patientswith EGFR-mutantNSCLChave a high
incidence of brain metastases. The EGFR-directed tyrosine
kinase inhibitor osimertinib has intracranial activity, making
the role of local central nervous system (CNS)-directed
therapies, such as radiation and surgery, less clear.

Methods: Patients with EGFR-mutant NSCLC and brain
metastases who received osimertinib as initial therapy after
brain metastasis diagnosis were included. Individual lesion
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response reflecting best objective response of 100%. Best
response occurred at a median of 96 days (range: 28–1113
d) from baseline magnetic resonance imaging. This reflects
a best objective response rate of 100%. Two-year overall
survival was 80%. CNS progression rates at 1-, 2-, and 3-
years post-osimertinib were 21%, 32%, and 41%, respec-
tively. Lesion-level local failure was estimated to be 0.7%
and 4.7% at 1- and 2-years post-osimertinib, respectively.
No clinicodemographic factors including brain metastasis
number were associated with post-osimertinib progression.

Conclusions: Intracranial response to osimertinib is excel-
lent for patients with EGFR-mutant NSCLC with de novo,
previously untreated brain metastases. Very low local fail-
ure rates support a strategy of upfront osimertinib alone in
selected patients.

� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
The EGFR pathway activation is an oncologic driver

of 15% to 40% of NSCLC.1 Incidence of brain metastases
in patients with EGFR-mutant NSCLC (EGFRm) is esti-
mated to be as high as 70%, considerably higher than
that in non–EGFR-driven NSCLC.2–5 Given that brain
metastases have considerable risk of morbidity and
mortality, optimal management remains an important
challenge.

Surgery and radiotherapy are cornerstones of brain
metastasis management and remain important and effi-
cacious strategies irrespective of cancer type or molec-
ular profile.6 Nevertheless, contemporary brain
metastasis management now incorporates rational inte-
gration of central nervous system (CNS)-active systemic
therapies when available. In the context of EGFRm, the
third-generation EGFR-targeting tyrosine kinase inhibi-
tor (TKI) osimertinib has been found to have both blood-
brain tumor barrier penetrance and intracranial activ-
ity.7–11 These data have led to a recent ASCO-SNO-ASTRO
guideline recommendation that osimertinib alone may
be offered to patients with asymptomatic brain metas-
tases with delay of local therapy until evidence of
intracranial progression.12 This recommendation was
made by informal consensus with the expert panel
highlighting poor evidence quality to forego local ther-
apy. This is likely because although most studies report
global intracranial activity, durability and correlates of
TKI responses, particularly with lesion-level dynamics,
remain unclear.

The role of upfront local therapies, thus, remains
controversial for patients with newly diagnosed brain
metastases who are planning for osimertinib. We sought
to analyze brain metastasis lesion-level characteristics,
response dynamics, and CNS patterns of failure for sys-
temic therapy-naive patients with previously untreated
lesions treated with osimertinib.

Materials and Methods
Patient Selection

We performed an Institutional Review Board–
approved retrospective cohort study, with waiver of
informed consent given its retrospective nature. Patients
were selected from an institutional database maintained
by the Multidisciplinary Brain Metastasis Program at a
National Cancer Institute–designated Comprehensive
Cancer Center and were included if they had a diagnosis
of EGFR-mutant NSCLC and treated with osimertinib
between 2014 and 2022. Inclusion was further limited to
patients who (1) received osimertinib alone as initial
therapy after first brain metastasis diagnosis, (2) had at
least one intact brain metastasis not previously treated
with systemic or local therapy (stereotactic radiosurgery
[SRS], whole brain radiotherapy, or surgery) at osi-
mertinib initiation, and (3) had baseline brain magnetic
resonance imaging (MRI) before, and at least one scan
after, osimertinib initiation.

Response Evaluation
Lesions were tracked across subsequent scans until

either discontinuation of osimertinib, first brain-directed
radiotherapy or surgery, or death by a blinded neuro-
radiologist. Patients had the largest diameter of up to
five of their largest eligible brain metastases measured
in millimeters on sequential MRIs using thinnest avail-
able slice thicknesses (ranging from 1 to 5 mm), with no
minimum lesion size requirement. Classification of
intracranial response of individual lesions was deter-
mined using a modification of the RANO-BM criteria on a
per-lesion basis as opposed to summing diameters.13

Complete response (CR) for a given lesion was defined
as disappearance of the lesion, partial response (PR) as
greater than or equal to 30% decrease, and progressive
disease (PD) as greater than or equal to 20% increase in
size relative to nadir or development of new brain
metastasis. Stable disease was defined as any other
scenario.

Study End Points
The primary end point of the study was CNS pro-

gression defined as either progression of existing brain
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metastasis or development of new parenchymal or lep-
tomeningeal metastases. Local failure was defined as
progression of an index lesion present before initiation
of osimertinib. Pattern of first failure was noted to be
within the CNS only, outside the CNS only, or simulta-
neous CNS/extra-CNS, defined as radiographic evidence
of progression in both compartments within 1 month.
Figure 1. CONSORT diagram for patient inclusion. CNS,
central nervous system; MRI, magnetic resonance imaging;
SRS, stereotactic radiosurgery; WBRT, whole brain
radiotherapy.
Statistical Analysis
Descriptive statistics were used to characterize the

cohort and lesions studied. For overall survival (OS),
follow-up was defined from osimertinib start to death
(event) or last follow-up (censored). Kaplan-Meier
methodology was used to describe survival. CNS pro-
gression rates after osimertinib were estimated with
cumulative incidence considering death as a competing
risk. Variables of interest were associated with CNS
progression using the subdistribution hazard model
where death was a competing event. Cumulative inci-
dence rates for local failure at the lesion level were
estimated in the competing risks setting with sandwich-
based variance adjustment of 95% confidence intervals
(CIs) owing to multiple lesions per patient. A generalized
linear mixed model was attempted to associate lesion
size with lesion progression where the correlation of
repeated assessments within each lesion and the corre-
lation of lesions within each patient were accounted for
using a hierarchical model structure. Analyses and
graphics were performed using SAS version 9.4 (The SAS
Institute, Cary, NC) and R version 4.2.2 (The R Founda-
tion for Statistical Computing).
Results
Patient Cohort

Of the 88 identified patients with EGFR-mutant
NSCLC who received osimertinib for de novo brain me-
tastases, 36 met the criteria for inclusion (Fig. 1). Overall,
69% were never-smokers and 72% female, and nearly
all of whom (94%) were diagnosed with metastatic
disease at presentation (Table 1). All but two patients
had metastatic disease at NSCLC diagnosis, and 31
(86%) had extracranial metastases in addition to brain
metastases. The remaining two patients had originally
localized NSCLC treated without systemic therapy and
later developed metachronous metastatic brain disease
after initial treatment. Half of the patients had docu-
mented symptoms attributable to brain metastasis. No
patient received any other cancer-directed systemic
therapy before osimertinib initiation. The median dura-
tion from brain metastasis diagnosis to start of osi-
mertinib was 25 days (interquartile range: 17.5–35.5 d).
During the study period, four patients (11%) required
osimertinib dose reductions owing to toxicity or
intolerance.

Before initiation of osimertinib, EGFR alteration was
confirmed by the MSK-IMPACT or MSK-ACCESS next-
generation sequencing platforms for 25 of 36 patients
(69%) (Supplementary Fig. 1A).14 The remainder were
diagnosed using a polymerase chain reaction–based
molecular testing platform (n ¼ 6) or next-generation
sequencing panels (n ¼ 5) performed elsewhere. Over-
all, the most common alteration was exon 19 deletion
(n ¼ 24, 67%) followed by L858R mutation (n ¼ 8,
22%). Other alterations included two missense muta-
tions (n ¼ 2) and exon 19 insertion (n ¼ 1). One patient
was reported as “EGFR mutant” on an outside
sequencing panel but the specific alteration was not
available. Nearly all the identified mutations were driver
mutations and found in the EGFR kinase domain; all al-
terations for patients sequenced using the MSK-IMPACT
platform were deemed likely oncogenic by the OncoKB
platform (Supplementary Fig. 1B).15
Lesion-Level Analysis
Just more than half of the patients (21 of 36, 58%)

had six or more brain metastases at the time of osi-
mertinib initiation (19% solitary brain metastasis, 22%
two to five brain metastases). In total, 136 previously
untreated brain metastases were present at baseline and



Table 1. Cohort and Lesion Characteristics

Characteristics N ¼ 36

Median age at brain
metastasis diagnosis (range)

64 (47–83)

Female sex 26 (72)
Never smoker 25 (69)
Lung cancer stage at diagnosis

I–III 2 (5.6)
IV 34 (94)

Initial ECOG score
0 11 (31)
1 14 (39)
2 4 (11)
Unknown 7 (19)

Baseline brain metastasis burden
1 brain metastasis 7 (19)
2–5 brain metastases 8 (22)
6–10 brain metastases 8 (22)
11þ brain metastases 13 (36)
Median lesion level baseline

brain metastasis maximum
diameter (cm) (range)a

0.66 (0.15–5.00)

Median size of largest brain
metastasis (cm) (range)

0.99 (0.43–5.00)

Neurologic symptoms from
brain metastases

18 (50)

Extracranial status at the time
of brain metastasis diagnosis

Additional extracranial metastases 31 (86)
No extracranial metastases 5 (14)

Note: All values are given in n (%).
aN ¼ 136.
N, number; ECOG, Eastern Cooperative Oncology Group.
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subsequently tracked. Median baseline maximum diam-
eter was 0.66 cm (range: 0.15–5.0 cm). In total, 42 le-
sions (30.9%) were more than 1 cm, 12 lesions (8.8%)
more than 2 cm, and three lesions (2.2%) more than 3
cm at baseline. At the patient level, the largest brain
metastasis had a median maximum diameter of 1.0 cm
(range: 0.43–5.0). The decision to forego surgery or
radiotherapy for larger lesions was made on a case-by-
case basis after multidisciplinary discussion. Excluded
patients had a similar distribution of lesion number, with
significantly higher maximal tumor diameter (data not
revealed).

Lesion-Level Response Rate
In total, 1129 baseline and post-treatment MRIs were

reviewed. Of 136 tracked lesions, at the first reassess-
ment, 64 lesions (47%) had CR, 66 (49%) had PR, and
the remaining six (4.4%) were stable. Many brain me-
tastases had continued response with further osimerti-
nib exposure; 105 (77.2%) had CR as their best response
during the recorded period. Of the 31 remaining lesions,
all (31 of 31) had PR. Thus, in aggregate, the best overall
response rate for osimertinib was 136 of 136 lesions
(100%). The median time to best response from baseline
MRI was 95.5 days (range: 28–1113 d). The median
number of scans to best response (not including baseline
MRI) was one (range: one to eight).
Patient-Level Outcomes
Median follow-up for survivors was 2.6 years from

osimertinib initiation (range: 0.38–4.72 y). Median time
between post-treatment surveillance MRIs was 86 days.
Median OS for the cohort was not reached, and the 1-, 2-,
and 3-year survival estimates post-osimertinib were
90.9% (95% CI: 81.1%–100%), 79.7% (95% CI: 65.0%–
94.4%), and 62.4% (95% CI: 40.2%–84.6%), respec-
tively (Fig. 2A).

Overall, 21 patients had disease progression events at
a median of 9.0 months post-osimertinib (range: 1.0–33.5
m). The most common site of first cancer progression was
non-CNS only (n ¼ 12, 33%), CNS only (n ¼ 8, 22%), and
mixed CNS/extra-CNS (n ¼ 1, 3%). There were 12 CNS
progression events (33%) which included local paren-
chymal only (n ¼ 3), distant parenchymal only (n ¼ 3),
simultaneous local/distant parenchymal (n ¼ 2), and
leptomeningeal (n ¼ 4). Figure 2B reveals the cumulative
incidence of CNS progression post-osimertinib initiation.
CNS progression rates at 1-, 2-, and 3-years post-initiation
of therapy were 21.3% (95% CI: 9.2%–36.7%), 32.0%
(95% CI: 16.3%–48.8%), and 41.2% (95% CI: 22.2%–
59.3%), respectively. Of these relapses, eight were in the
brain parenchyma, including progression of preexisting
brain lesions alone (n ¼ 3), development of new brain
metastases (n ¼ 3), and mixed progression of new/pre-
existing brain metastases (n ¼ 2). Figure 2C reveals the
cumulative incidence of local failure at the lesion level
assuming death as a competing risk, which was estimated
to be 0.7% (95% CI: 0.1%–4.6%) and 4.7% (95% CI:
2.0%–11.1%) at 1- and 2-years post-osimertinib, respec-
tively. In addition, four patients relapsed with lep-
tomeningeal disease, of which three had baseline
leptomeningeal involvement which had stabilized on
osimertinib for between 8 and 19 months. Of the 12
progressions, three (25%) were symptomatic, and all
these patients had leptomeningeal disease. The remaining
progression events were diagnosed radiographically.

We did not identify any clinicodemographic factors
significantly associated with risk of subsequent CNS
progression post-osimertinib including baseline total
number of brain metastases. Although the cohort pre-
dominantly consisted of patients with subcentimeter
lesions, we could not formally test association of size
with progression given few progression events. Figure 3
illustrates a spline-fit model of lesion-level sizes strati-
fied by baseline brain metastasis size greater than or
equal to 1 cm or less than 1 cm revealing a trend toward



Figure 2. (A) Overall survival from the time of osimertinib initiation by Kaplan-Meier, and (B) cumulative incidence of CNS
progression after start of osimertinib considering death as a competing risk. (C) Cumulative incidence of lesion-level local
failure after the start of osimertinib considering death as a competing risk. CNS, central nervous system.
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CR within the first year of therapy for smaller lesions
and PR for larger lesions. Of note, six patients included in
this series had at least one lesion above 2 cm and du-
rable control was attained. Figure 4 illustrates an
example of a patient with high burden of symptomatic
brain metastases with almost three years of sustained
response.
Figure 3. Spline regression analysis of the brain metastasis m
stratified by the baseline size of the brain metastasis and groupe
than or equal to 1 cm (red plus markers/red line).
Salvage strategies to manage post-osimertinib CNS
relapse were driven by the distribution of disease. Six
patients were treated with radiotherapy (SRS, n ¼ 5;
whole brain radiotherapy, n ¼ 1). One patient received
multiagent chemotherapy (carboplatin, pemetrexed,
bevacizumab) and one received increased osimertinib
dose (80 mg, from 40 mg). Overall, there were five cases
aximum diameter after initiation of osimertinib. Lines are
d as less than 1 cm (blue circle markers/blue line) or greater



Figure 4. Case example of high burden of baseline brain metastasis with durable response to osimertinib. Top row illustrates
representative index lesions from the baseline (pre-osimertinib) scan. Middle row illustrates the first MRI after initiation of
osimertinib which already had significant regression of disease. The patient remained controlled intracranially until 34
months post-osimertinib, at which point he developed a subcentimeter new lesion which was subsequently treated with SRS.
MRI, magnetic resonance imaging; SRS, stereotactic radiosurgery.
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of subsequent leptomeningeal progression, four of which
had not had any prior parenchymal progression events.
Leptomeningeal disease was treated with craniospinal
irradiation (n ¼ 3) or involved field photon radiotherapy
(n ¼ 2).
Discussion
The CNS activity of osimertinib has been well estab-

lished,11,16 with superior intracranial efficacy before
generation EGFR TKI options.8 This has rapidly trans-
lated to decreased upfront utilization of surgery and
radiotherapy for EGFRm brain metastases. Despite this
evolution,12 the practice of relying solely on osimertinib
and not also local therapy remains controversial and is
not universally endorsed, given continued evidence
gaps.11,17 At present, there are significant differences of
opinion regarding optimal first-line strategy for asymp-
tomatic brain metastases.18 This is likely due to chal-
lenges in data interpretation given significant
heterogeneity in reported outcomes, which in many
cases included patients with prior exposure to earlier-
generation TKIs or chemotherapy, and relatively few
longitudinal lesion-level assessments to guide longer-
term success. At present, National Comprehensive Can-
cer Network guidelines for CNS malignancies state that it
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is reasonable to consider upfront CNS-active agents for
asymptomatic patients. Nevertheless, they caution on
universal endorsement given the lack of prospective
clinical trials comparing the two strategies to assess
what the impact of delayed radiation would be in terms
of survival or in delay of neurologic deficit
development.19

The approach herein including longitudinal imaging
assessment of osimertinib-treated EGFRm brain metas-
tases offers additional insight into the implications of
foregoing local therapies in the upfront setting. The
strength of this series is its homogeneity, only including
patients with no prior systemic therapy exposure before
osimertinib, enabling pure assessment of the intracranial
control potential of the TKI alone. We found that most
baseline lesions responded well to osimertinib and
durably, with the first post-treatment MRI not neces-
sarily indicative of best response, as many lesions
continued to regress with further osimertinib treatment
and with nearly 80% CNS control at 1 year.

Although other series have reported on CNS
progression-free survival rates, there are relatively few
published reports on the durability of lesion-level out-
comes. This metric is more applicable for the decision of
whether to prioritize upfront integration of focal thera-
pies such as surgery and radiosurgery. The recent pub-
lication by Hui et al.20 investigated the local control
potential of osimertinib in a cohort of 37 patients with
284 intact, nonirradiated lesions greater than or equal to
5 mm. They identified a 14% 1-year cumulative inci-
dence of local brain metastasis failure and 4% in patients
with first-line osimertinib, similar to the current series.
Notably, their cohort included some pretreated patients,
with 22% exposed to prior (non-osimertinib) TKIs, 22%
to prior chemotherapy, and 8% to prior immunotherapy.
They found that several factors were associated with
increased local brain metastasis failure including un-
controlled primary tumor, poorer performance status,
and increasing number of prior systemic therapies pre-
osimertinib (which may predispose to C797S and other
resistance mechanisms).21

Our study builds on this work with longer follow-
up and a more homogenous population as all pa-
tients in our series were previously systemic therapy
naive. We believe that this population is more clinically
relevant in contemporary practice, where EGFR
sequencing results return rapidly in the de novo brain
metastatic setting and can inform upfront systemic
therapy decision-making for such patients otherwise
considered for local therapy. Our inability to confirm
the factors they associated with local failure is likely
due to the fact that their failure events were concen-
trated in their more heavily pretreated subgroup
(which was not applicable in our more homogeneous
cohort). Of note, excellent intracranial response rates
for treatment-naive patients are comparable to those
reported in the FLAURA study of upfront TKI utiliza-
tion.8 Furthermore, Peled et al.16 reported a similarly
strong intracranial objective response rate of 84% for
20 treatment-naive patients with asymptomatic brain
metastases treated as part of a nonrandomized phase 2
study. They noted a median intracranial PFS of 11.8
months (95% CI: 7.7–NA) for this subgroup, and
lesion-level analysis revealed a similar trend to those
reported in Figure 3.

Taken together, there is growing evidence to support
the approach of relying on osimertinib alone for de novo
brain metastases, particularly for those with small le-
sions. Although osimertinib alone has good CNS activity,
it remains unclear whether the combination of osi-
mertinib plus upfront radiotherapy would improve out-
comes even further. Such a paradigm of EGFR TKI plus
upfront radiotherapy is supported in several analyses of
first- and second-generation EGFR TKIs describing su-
perior outcomes with combination therapy versus TKI
alone.22–24 For example, in the multi-institutional Mag-
nuson report, despite being enriched for more high-risk
brain metastasis features, OS was significantly prolonged
in patients who received upfront SRS followed by TKI
versus TKI alone.22 The applicability of this finding to
osimertinib, which has superior blood-brain tumor bar-
rier penetration compared with earlier generation TKIs,
is less clear. In a cohort of patients who received CNS-
active TKI versus upfront SRS followed by TKI, Thomas
et al.25 concluded that there was no significant difference
in time to intracranial progression or treatment failure
between the two strategies. Similar to the Magnuson
analysis, brain metastases treated with upfront radio-
therapy were larger and more symptomatic, so similar
outcomes between the groups raise the real possibility
that upfront radiation was able to help overcome some
of these higher risk features.22,25

Going forward, we suspect that the management of
these patients will become more individualized and
nuanced. We were unable to identify lesion-level
characteristics associated with local failure to pro-
vide recommendations for lesions where upfront local
therapy should be strongly considered. Nevertheless, it
is possible that despite more than 2 years of follow-up,
we do not have sufficient follow-up to identify addi-
tional local failure events. Neither the Stanford series20

nor our work was able to reveal greater local failure
risk for larger lesions, and the potential for dramatic,
rapid responses is reported (Fig. 4).26 Nevertheless,
we remain cautious and often advocate for upfront
radiotherapy for larger lesions particularly in eloquent
locations; this is driven by the uncertainty of the
durability of response and the possibility that
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radionecrosis rates are significantly higher for patients
with prior exposure to or concurrent utilization of
EGFR-directed TKIs.27,28 Although Hui et al.20 sug-
gested consideration of early integration of SRS for
lesions which do not respond as rapidly to osimertinib
given higher local failure risk, we did not observe this
trend. Instead, we found that even large lesions
continue to regress over time.

Numerous additional open questions remain around
the CNS-directed management of EGFRm NSCLC. First,
for resected brain metastases, which carry a progression
rate of some 50% without adjuvant therapy, it remains
unclear how adjuvant osimertinib compares to adjuvant
SRS, which has excellent control rates and remains
standard of care.29–31 A second question surrounds the
optimal management of leptomeningeal disease, which is
known to be enriched in EGFRm patients.32 In this series,
utilization of proton craniospinal radiotherapy was used
as a salvage strategy after osimertinib failure33 but the
optimal sequencing of these interventions is uncertain.
Thus, despite the potential for good local control of
baseline brain metastases, we continue to advocate for
close CNS surveillance and multidisciplinary manage-
ment of this population given demonstrably lower
overall CNS control.34,35

There are several limitations to this work. First,
despite longitudinal tracking of more than 100 lesions,
this is a single-institution cohort with inherent referral
and selection biases given there were no consistent
criteria to guide whether osimertinib alone was recom-
mended. As expected, patients included in this study
have smaller lesions than those excluded (in turn largely
because of use of local therapy instead of osimertinib
alone) given larger tumors often require resection,
represent leptomeningeal metastasis plaques, or other-
wise discouraged reliance on medical therapy alone
given the established efficacy of radiation therapy.
Further investigation is needed to determine the efficacy
of medical strategies for large parenchymal tumors and
leptomeningeal metastasis; however, in the real-world
setting, these are less common and often require
aggressive CNS-directed therapy given symptoms. We
chose to include small lesions (<5 mm) to be as reflec-
tive of real-world practice as possible, though we
acknowledge the difficulties and possibility of detection
biases when tracking small lesions. Another consider-
ation is that given this was retrospective, all post-
treatment scans did not have uniform scan thickness.
Despite these caveats, for our analysis, we feel that the
general downward size trajectories are as informative as
specific size changes. Finally, we adjusted variance esti-
mates for local failure incidence to account for the
interdependence of lesions within a patient; however,
there are known biological cluster effects, beyond the
characteristics of an individual brain metastasis alone,
that could affect a patient’s risk of brain metastasis
progression (notably the emergence of resistance
mechanisms and the potential for metastatic seeding).36
Conclusion
Intracranial response rates for osimertinib are

excellent in patients with de novo, previously untreated
brain metastases. Given very low rates of local failure,
treatment with osimertinib alone without local therapies
may be a reasonable first strategy for many patients,
particularly those with subcentimeter lesions.
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