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ABSTRACT

Introduction: This multicenter review evaluated the effi-
cacy and safety of osimertinib dose escalation for central
nervous system (CNS) progression developing on osi-
mertinib 80 mg in EGFR-mutant NSCLC.

Methods: Retrospective review identified 105 patients
from eight institutions with advanced EGFR-mutant NSCLC
treated with osimertinib 160 mg daily between October
2013 and January 2020. Radiographic responses were
clinically assessed, and Kaplan-Meier analyses were used.
We defined CNS disease control as the interval from osi-
mertinib 160 mg initiation to CNS progression or discon-
tinuation of osimertinib 160 mg.

Results: Among 105 patients treated with osimertinib 160
mg, 69 were escalated for CNS progression, including 24
treated with dose escalation alone (cohort A), 34 who
received dose-escalated osimertinib plus concurrent chemo-
therapy and/or radiation (cohort B), and 11 who received
osimertinib 160 mg without any prior 80 mg exposure. The
median duration of CNS control was 3.8 months (95% con-
fidence interval [CI], 1.7–5.8) in cohort A, 5.1 months (95% CI,
3.1–6.5) in cohort B, and 4.2 months (95% CI 1.6–not
reached) in cohort C. Across all cohorts, the median duration
of CNS control was 6.0 months (95% CI, 5.1–9.0) in isolated
leptomeningeal progression (n ¼ 27) and 3.3 months (95%
CI, 1.0–3.1) among those with parenchymal-only metastases
(n ¼ 23). Patients on osimertinib 160 mg experienced no
severe or unexpected side effects.

Conclusion: Among patients with EGFR-mutant NSCLC
experiencing CNS progression on osimertinib 80 mg daily,
dose escalation to 160 mg provided modest benefit with
CNS control lasting approximately 3 to 6 months and
seemed more effective in patients with isolated lep-
tomeningeal CNS progression.

� 2022 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/).

Keywords: EGFR; Osimertinib; 160 mg; CNS progression;
Leptomeningeal progression
Introduction
For patients with advanced EGFR-mutant NSCLC,

osimertinib is the preferred first-line EGFR inhibitor
based on the FLAURA study, which revealed improved
progression-free survival (PFS) and overall survival (OS)
for first-line osimertinib compared with erlotinib or
gefitinib.1 Although osimertinib has improved central
nervous system (CNS) penetrance over older EGFR
tyrosine kinase inhibitors (TKIs),2,3 progression within
the CNS remains an important clinical challenge in pa-
tients with EGFR-mutant NSCLC. Among patients with
baseline CNS disease treated with osimertinib on the
FLAURA study, the CNS response rate was 91% (95%
confidence interval [CI], 71%–99%).4 However, 30% of
patients with baseline CNS disease developed CNS pro-
gression or death due to CNS progression during amedian
follow-up of 12.4months. CNS progression on osimertinib
is particularly challenging given the limited CNS efficacy of
alternative systemic therapies.

When patients experience CNS progression on osi-
mertinib, treatment options include local therapies, such
as surgery and radiation (stereotactic radiosurgery [SRS]
or whole brain radiation [WBRT]), or systemic therapies,
among which pemetrexed is often considered the most
CNS penetrant.5,6 Although the evaluation of resistance
mechanisms through tissue or plasma is used to guide
post-osimertinib therapy among patients with systemic
disease progression, it is more challenging to evaluate
mechanisms of resistance in patients with CNS-only
progression.7 Finally, clinical trials often exclude those
with active CNS disease, further limiting next-line
treatment options.8,9

Although the standard dose of osimertinib is 80 mg
daily, the 160 mg dose has been evaluated within the
context of CNS disease. In the BLOOM trial, osimertinib
was given at 160 mg and had an efficacy in patients
progressing on early generation EGFR TKIs with lep-
tomeningeal disease (with or without concurrent
parenchymal metastases).10 On the basis of these data
and case reports of leptomeningeal response with osi-
mertinib dose escalation,11,12 many oncologists use dose
escalation from 80 mg to 160 mg to treat CNS progres-
sion. The effectiveness of this approach, however, re-
mains unclear given only limited prospective data.13,14

We conducted a multi-institutional, retrospective study
of osimertinib 160 mg at the time of CNS progression
and herein report the largest series, to our knowledge, of
patients who underwent osimertinib dose escalation for
CNS progression.
Methods
Study Design and Patients

We retrospectively collected data from eight in-
stitutions on patients with advanced EGFR-mutant
NSCLC treated with osimertinib at a dose of 160 mg
daily. Data were collected by investigators at each
participating institution according to approved insti-
tutional review board protocols, including sex, smoking
status, date of diagnosis, EGFR mutation type, reason
for osimertinib 160 mg therapy, pattern of CNS pro-
gression (parenchymal metastases, leptomeningeal

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. Treatment-based cohort assignments. Patients
were assigned to cohorts A, B, or C according to treatment
with osimertinib 80 mg before CNS PD and concurrent
chemotherapy or RT at the time of CNS PD. Chemo, chemo-
therapy; CNS, central nervous system; Osi, osimertinib; PD,
disease progression; RT, radiation therapy.
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disease, or both), and clinical outcomes. For this
analysis, we focused on patients treated with osi-
mertinib 160 mg for CNS progression, regardless of
having simultaneous systemic progression or not. Pa-
tients treated with osimertinib 160 mg for any reason
other than CNS progression were excluded. All
included patients had provided informed consent to
participate in retrospective clinical research at their
respective institutions or data were collected by
approved institutional review board protocols that
allow use of a waiver of consent for retrospective data
collection. Analyses were performed in accordance
with an approved local institutional review board
protocol and data use policies at the lead site.

Treatments, Assessments, and Statistical
Considerations

Patients treated with osimertinib 160 mg were
categorized into four cohorts on the basis of whether
they had previously received osimertinib 80 mg before
160 mg and whether they received osimertinib 160 mg
alone or with any other therapies, such as chemotherapy
or radiation (Fig. 1).

CNS progression was defined as detection of new
or increasing parenchymal brain metastases on routine
surveillance imaging or clinical evidence of lep-
tomeningeal progression indicated by imaging, symp-
toms, or malignant cells on cerebrospinal fluid (CSF)
cytology. Radiographic responses and progression
were clinically evaluated by investigators at each
participating site. Response of leptomeningeal disease
was also determined clinically by improvement in
clinician-assessed symptoms attributed to lep-
tomeningeal disease or clearance of CSF cytology when
available. Treatment-related toxicities were clinically
assessed by investigators at each site.

Kaplan-Meier analyses were used for time-to-event
end points including duration of CNS control on osi-
mertinib 160 mg and OS. The duration of CNS disease
control on osimertinib 160 mg was defined as the in-
terval from initiation of osimertinib 160 mg to CNS
progression or discontinuation of osimertinib 160 mg.

Results
Patients

A total of 105 patients from eight institutions treated
with osimertinib 160 mg daily for advanced EGFR-
mutant NSCLC between October 2013 and January 2020
were identified. Of these, the 69 who received osi-
mertinib 160 mg for CNS progression are included in this
analysis (Table 1). Median age was 57 years (range 36–
79) and 43 (62%) were female. EGFRmutations included
L858R (n ¼ 31), exon 19 deletions (n ¼ 29), and other
activating mutations (n ¼ 9). Patients had been treated
with a median of 1 (range 0–8) line of therapy before
treatment with osimertinib. The type of CNS progression
experienced included leptomeningeal progression only
in 27 (39%), brain parenchymal progression only in 23
(33%), or both in 11 (16%). In addition, among the 69
patients, 58 (84%) had CNS-only progression, without
concurrent systemic disease progression. The proportion
of patients with systemic progression concurrent with
CNS progression was similar across cohorts (Table 1;
overall, 11.4%; cohort A, 12.5%, cohort B, 12%; cohort C,
9%).

Patients were categorized into cohorts (Fig. 1) such
that cohort A (osimertinib dose escalation without
chemotherapy or radiation) consisted of 24 patients,
cohort B (osimertinib dose escalation with concurrent
chemotherapy and/or radiation) consisted of 34 pa-
tients, and cohort C (osimertinib 160 mg as initial osi-
mertinib treatment) consisted of 11 patients. There were
no patients who fell into cohort D (osimertinib 160 mg
as initial osimertinib treatment with concurrent
chemotherapy and/or radiation). The breakdown of
concurrent therapies received in cohort B included
chemotherapy in 41% (n ¼ 14), SRS in 41% (n ¼ 14),
and WBRT in 24% (n ¼ 8). Patients in cohort B
accounted for more than half of those (six of 11) who
were treated with osimertinib dose escalation for con-
current systemic and CNS progression.
Efficacy
Patient outcomes were analyzed by cohort and type

of CNS progression prompting osimertinib 160 mg QD.
In cohort A (n ¼ 24), dose escalation to osimertinib 160
mg monotherapy was associated with a median duration
of CNS disease control of 3.8 months (95% CI, 1.7–5.8)
and a median OS of 14.8 months (95% CI, 7.0–not
reached [NR]; Table 2). In cohort B (n ¼ 34), dose
escalation to osimertinib 160 mg in combination with



Table 1. Characteristics of Patients Treated With Osimertinib 160 mg for Central Nervous System Progression

Characteristic Total, N ¼ 69 Cohort A, n ¼ 24 Cohort B, n ¼ 34 Cohort C, n ¼ 11

Age, median (range) 57 (36–79) 55 (36–71) 58 (41–73) 63 (40–79)
Female, n (%) 43 (62%) 16 (67%) 21 (62%) 6 (55%)
Median prior lines of systemic therapy (range): 1 (0–8) 1 (0–8) 1 (0–6) 3 (0–6)
Prior TKI exposure:a

Osimertinib 80 mg 58 (84%) 24 (100%) 34 (100%) 0
Erlotinib 36 (52%) 12 (50%) 17 (50%) 7 (64%)
Afatinib 13 (19%) 3 (13%) 7 (21%) 3 (27%)
Rociletinib 5 (7%) 1 (4%) 0 4 (36%)
Gefitinib 2 (3%) 1 (4%) 1 (3%) 0
None 15 (22%) 5 (21%) 9 (26%) 1 (9%)

CNS progression pattern:
Leptomeningeal only 27 (39%) 11 (46%) 11 (32%) 5 (45%)
Parenchymal only 23 (33%) 8 (33%) 12 (35%) 3 (27%)
Both 19 (27%) 5 (21%) 11 (33%) 3 (27%)

Concurrent CNS and systemic progression 12 (11.4%) 3 (12.5%) 4 (12%) 1 (9%)
Therapies given concurrently with

osimertinib 160 mg:
Chemotherapy Cohort B only - 14 (41%) -
Stereotactic radiosurgery - 14 (41%) -
Whole brain radiotherapy - 8 (24%) -

EGFR mutation subtype:
L858R 31 (45%) 13 (54%) 15 (44%) 3 (27%)
Deletion 19 29 (42%) 8 (33%) 14 (41%) 7 (64%)
Other 9 (13%) 3 (13%) 5 (15%) 1 (9%)

aTKIs preceding osimertinib 160 mg.
Cohort A: osimertinib dose-escalated from 80 mg to 160 mg; cohort B: osimertinib dose-escalated from 80 mg to 160 mg and concurrent chemotherapy and/or
radiotherapy; cohort C: initial osimertinib dose of 160 mg.
CNS, central nervous system; TKI, tyrosine kinase inhibitor.
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radiotherapy (n ¼ 22) and/or chemotherapy (n ¼ 14)
yielded a median duration of CNS control of 5.1 months
(95% CI, 3.1–6.5) and a median OS of 10.5 months (95%
CI, 7.0–25.3). Among cohort B patients treated only with
osimertinib dose escalation and chemotherapy (n ¼ 10;
nine with leptomeningeal disease), the median duration
of CNS control was 8.2 months (95% CI, 1.5–NR) and OS
was 10 months (95% CI, 1.5–NR).

Within all groups of patients, whether divided into
cohorts or considered together, patients with a
leptomeningeal-only pattern of progression achieved
prolonged duration of CNS disease control compared
with parenchymal-only progression. Combining all co-
horts, the leptomeningeal group (n ¼ 27) had a median
duration of CNS disease control of 6.0 months (95% CI,
5.1–9.0), whereas the parenchymal-only pattern of pro-
gression had 3.3 months (95% CI 1.0–3.1). Notably, pa-
tients in cohort B with CNS parenchymal-only versus
leptomeningeal-only progression were more most often
treated with CNS radiation [9 of 12, 75% (7 SRS, 2
WBRT) versus 5 of 11, 45% (2 SRS, 3 WBRT)].
Neurologic Function
Improvement in neurologic symptoms on osimertinib

160 mg was clinically documented by providers in 14
(20%) patients, including 5 of 24 (21%) patients in cohort
A, 5 of 34 (15%) patients in cohort B, and 4 of 11 (36%)
of patients in cohort C. Conversely, documentation of
clinical worsening of neurologic symptoms despite osi-
mertinib 160 mg was present in 10 (15%) patients.

Safety
Though adverse events were not prospectively

graded according to the Common Terminology Criteria
for Adverse Events for most patients included in this
study, retrospective review revealed no reported grade 3
or higher toxicities with osimertinib 160 mg. All re-
ported treatment-related toxicities were grade 1 or
grade 2 and those occurring in more than one patient
included diarrhea (grade 1, n ¼ 12; grade 2, n ¼ 2),
xerosis (grade 1, n ¼ 11), fatigue (grade 1, n ¼ 8, grade
2, n ¼ 1), rash (grade 1, n ¼ 6), paronychia (grade 1, n ¼
5, grade 2, n ¼ 2), cytopenia (grade 1, n ¼ 4), anorexia
(grade 1, n ¼ 4), dysgeusia (grade 1, n ¼ 1, grade 2, n ¼
2), and mucositis (grade 2, n ¼ 2). There were no reports
of radiation necrosis on osimertinib 160 mg.

Discussion
In this retrospective multicenter study, osimertinib

dose escalation revealed modest clinical benefit among



Table 2. Duration of CNS Control and Overall Survival on Osimertinib 160 mg QD

Cohort
Median Duration of CNS
Control, mo (95% CI) Median OS, mo (95% CI)

Full cohorts treated with osi 160 for any type of CNS progression (N ¼ 69)
Cohort A (n ¼ 24) 3.8 (1.7–5.8) 14.8 (7.0–NR)
Cohort B (n ¼ 34) 5.1 (3.1–6.5) 10.5 (7.0–25.3)
Cohort C (n ¼ 11) 4.2 (1.6–NR) NA

Subsets treated with osi 160 for CNS leptomeningeal-only progression (n ¼ 27)
Cohort A (n ¼ 11) 5.8 (1.7–9.1) 14.8 (4.1–NR)
Cohort B (n ¼ 11) 7.1 (5.0–NR) a

Cohort C (n ¼ 5) a a

Combined A/B/C (n ¼ 27) 6.0 (5.1–9.0) a

Subsets treated with osi 160 for CNS parenchymal-only progression (n ¼ 23)
Cohort A (n ¼ 8) 2.0 (1–4.9) 13.0 (2.2–NR)
Cohort B (n ¼ 12) 3.1 (0.8–NR) a

Cohort C (n ¼ 3) a a

Combined A/B/C (n ¼ 23) 3.3 (1–3.1) a

aOutcome data not evaluated. Time-to-event outcomes calculated using Kaplan-Meier analyses.
CNS, central nervous system; CI, confidence interval; NA, insufficient number of events to calculate median; NR, not reached; OS, overall survival; osi,
osimertinib.
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patients with EGFR-mutant NSCLC who developed CNS
progression on osimertinib 80 mg daily with an accept-
able safety profile.

Among 58 patients treated with an increase in osi-
mertinib dose from 80 to 160 mg daily at the time of CNS
progression, the median duration of CNS control was 3.8
months (95% CI, 1.7–5.8) in those without overlapping
chemotherapy or radiation and 5.1 months (95% CI, 3.1–
6.5) in those who were treated with chemotherapy and/
or radiation in addition to osimertinib dose escalation.
The 11 patients who had not been treated with any prior
osimertinib until their 160 mg initiation also derived
similar benefit, with a median duration of CNS control of
4.2 months (95% CI, 1.6–NR). Statistical power was
limited by sample size and heterogeneous therapies, and
direct comparisons of one cohort to another revealed no
statistical differences. Nevertheless, trends suggested
that the benefit of osimertinib dose escalation may be
greatest for those with leptomeningeal-only CNS pro-
gression (ranging 6–7 mo) compared with those with
parenchymal-only CNS progression (ranging 2–3 mo), in
both cohorts A and B individually and in all cohorts
combined. Notably, the combination of osimertinib dose
escalation and chemotherapy conferred a duration of
CNS control of 8.2 months (95% CI, 1.5–NR) among 10
patients in cohort B, nine of whom had leptomeningeal
disease at the time of escalation. The median OS with
osimertinib dose escalation ranged from 10.5 to 14.8
months, which is encouraging in this high-risk popula-
tion. Osimertinib dose escalation was overall well-
tolerated in this study with no grade 3 or greater
adverse events reported.

In EGFR-mutant lung cancer, there have previously
been retrospective studies and one prospective
nonrandomized study evaluating the strategy of
continuing TKI beyond progression with the addition of
locally ablative therapy targeting sites of oligoprog-
ression. These approaches have revealed an additional
duration of disease control of approximately 6 to 16
months,15–17 are most often used in practice, and are
included in the National Comprehensive Cancer Network
lung cancer treatment guidelines.18 The strategy studied
here, osimertinib dose escalation to 160 mg for CNS
progression, is an analogous approach with a compara-
ble magnitude of benefit. Our study contributes to the
growing literature supporting consideration of dose
escalation of osimertinib to 160 mg as a viable clinical
strategy, especially for patients with leptomeningeal
progression. Although treatment with platinum-
pemetrexed regimens can provide some CNS benefit
for chemotherapy-naive patients,5,6 osimertinib dose
escalation remains a relevant addition to currently
available therapies given that CNS progression on osi-
mertinib is a challenging clinical scenario with limited
active options.

Pulse-dose treatment strategies with earlier genera-
tion EGFR TKIs have been explored to improve CNS ac-
tivity. The postulated mechanism of this approach is
increasing the peripheral blood levels of drug, therefore
increasing CNS penetration. Side effects of first- and
second-generation EGFR TKIs, primarily mediated by
EGFR wild-type inhibition, prohibited the possibility of
simply raising the daily dose to achieve this effect. Pul-
satile dosing was initially attempted with gefitinib19 and
erlotinib,20–22 but suggested only transient clinical
benefit. For example, the largest series reporting efficacy
for pulse-dose erlotinib (1500 mg once weekly) was a
retrospective study that included nine patients with
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either new CNS disease (three patients) or CNS pro-
gression on standard-dose EGFR TKI (six patients).20

Although the radiographic response rate to pulse-dose
erlotinib was high at 67%, the median time to CNS
progression was only 2.7 months. Pulse-dose afatinib
was also tested in a phase I study at a variety of doses,
but the study was not confined to EGFR-mutant cancers
and CNS progression was an exclusion criterion for
enrollment.23

Pulsatile dosing strategies have not been explored
with osimertinib, but with decreased EGFR wild-type
inhibition, osimertinib seems to be safe and generally
tolerable at 160 mg daily.24 The phase I BLOOM study
was the first prospective trial to assess osimertinib 160
mg in those with leptomeningeal progression after first-
and second-generation EGFR TKIs.10 This study was
performed before regulatory approval of osimertinib,
and all patients were receiving osimertinib for the first
time at 160 mg. The study had an encouraging median
PFS of 8.6 months and median OS of 11.0 months;
however, it remains unclear whether this benefit was
due to the high-dose strategy or simply the first expo-
sure to an active drug for the T790M resistance
mechanism and with excellent CNS penetration. A
recent retrospective study found no difference in out-
comes between patients with leptomeningeal progres-
sion on earlier EGFR TKIs treated with osimertinib 80
mg or 160 mg,25 though patients in both groups
received additional therapies (such as intrathecal
chemotherapy and WBRT) and none of these patients
underwent dose escalation. To our knowledge, only two
prospective studies have assessed the efficacy of osi-
mertinib dose escalation after CNS progression on a
third-generation EGFR TKI.13,14 Importantly, in the
study by Park et al.,14 although a subset of patients (33
of 80) were treated with osimertinib 160 mg after
progression on a third-generation EGFR TKI, only 13 of
80 specifically underwent osimertinib dose escalation.
In a subgroup analysis of a phase II study by Goldstein
et al.,13 11 patients underwent dose escalation though
only two had leptomeningeal disease at the time of CNS
disease progression. The median PFS with dose esca-
lation in these two prospective studies was 7.6 months
(95% CI, 5–16.6 mo) and 4.3 (0.7–25.5 mo), respec-
tively. Our multi-institutional experience describes a
similar magnitude of benefit for 58 patients who un-
derwent osimertinib dose escalation for CNS progres-
sion, contributing to the growing evidence for a clinical
strategy not likely feasible for study with larger pro-
spective trials. Of note, most patients treated with osi-
mertinib in our study received it in the second-line or
later setting for T790M-mediated acquired resistance
(only 15 of 69 patients were treated with first-line
osimertinib).
Historical studies suggested that T790M was rarely
detected in the CSF of patients with CNS progression on
first-generation EGFR TKIs, suggesting treatment failures
were more likely related to pharmacokinetic limitations
rather than genomic-acquired resistance, and therefore
may be more responsive to dose increases.26–28 Whether
the same trend holds with osimertinib 80 mg is not
known, though growing evidence suggests that this may
be the case given the substantial disparity between
plasma and CSF osimertinib concentrations (CSF-to-free
plasma ratio of 16%).10 The recent OCEAN study assessed
blood concentrations of osimertinib and its metabolite,
AZ5014, among 37 patients treated with osimertinib 80
mg and did not find a significant difference in CNS PFS
among patients with “high” versus “low” plasma concen-
trations of AZ5014, though there was a trend toward
longer CNS PFS in the “high” cohort (34.5 versus 19.8 mo,
p ¼ 0.197).29 CSF drug levels were tested in only seven
patients in the OCEAN study; thus, it was unclear whether
the CSF concentration of osimertinib correlated with CNS
response. Previous studies have reported CSF penetration
rates ranging from 2.5% to 31.7% with osimertinib 80
mg30,31 and 16% with osimertinib 160 mg10 with differ-
ences potentially attributable to calculation methods. In
the APOLLO study of standard-dose osimertinib for pa-
tients with CNS progression on earlier generation EGFR
TKIs, patients with intracranial responses had an overall
higher median CSF “penetration rate” (36.5%) than those
without a response (25.8%) (“penetration rate” was
defined as the ratio of osimertinib CSF-to-plasma con-
centration, each measured simultaneously 6 ± 2 h after
the last dose).31 Importantly, it is also unknown, and our
study did not evaluate, whether dose escalation of osi-
mertinib from 80 to 160 mg leads to a meaningful in-
crease in drug levels in the CNS in individual patients.

In addition to drug levels, the CSF can provide insight
into resistance mechanisms underlying CNS progression
on osimertinib. Our retrospective study did not include
CSF molecular analyses, but emerging data suggest that
there may be increased frequency of MET amplification
and on-target resistance mutations, such as C797S, when
the CSF is sampled.32,33 Unlike those with pharmacoki-
netic failure, we hypothesize that patients who develop
genomic resistance mechanisms within the CNS would
be less likely to benefit from TKI dose escalation but may
be candidates for combination TKI strategies targeting
identified mechanisms of resistance, highlighting the
potential role of molecular analysis of cerebrospinal
fluid, when available, in the clinic.

In this context, the results of our study were
encouraging but should be interpreted with caution. Our
retrospective study design yielded a heterogeneous
group of patients from eight academic medical centers,
making direct comparisons across the entire cohort
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challenging. In addition, responses were clinically
assessed by investigators at each site rather than using a
formal system such as the Response Evaluation Criteria
In Solid Tumors. Assessing for radiographic response is
particularly challenging in CNS disease, and criteria
developed for this purpose—such as RANO-LM34—
warrant further prospective validation.

In conclusion, we have revealed that osimertinib dose
escalation from 80 mg daily to 160 mg daily had modest
clinical prolongation of CNS control in patients with CNS
progression on osimertinib. The benefit is approximately
3 to 6 months, on par with locally ablative therapy to
oligoprogressing sites in EGFR mutation-positive pa-
tients. Given the limited number of effective therapeutic
options for patients who develop CNS progression on
osimertinib, this may be a reasonable clinical option
especially for those with leptomeningeal progression,
though further prospective study of osimertinib dose
escalation should be pursued.
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