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ABSTRACT

Central nervous system (CNS) metastases are a common com-
plication in patients with epidermal growth factor receptor
(EGFR)-mutated non-small cell lung cancer (NSCLC), resulting in
a poor prognosis and limited treatment options. Treatment of
CNS metastases requires a multidisciplinary approach, and the
optimal treatment options and sequence of therapies are yet to
be established. Many systemic therapies have poor efficacy in
the CNS due to the challenges of crossing the blood-brain bar-
rier (BBB), creating a major unmet need for the development of
agents with good BBB-penetrating biopharmaceutical proper-
ties. Although the CNS penetration of first- and second-
generation EGFR tyrosine kinase inhibitors (TKIs) is generally
low, EGFR-TKI treatment has been shown to delay time to CNS

progression in patients with CNS metastases from EGFR-
mutated disease. However, a major challenge with EGFR-TKI
treatment for patients with NSCLC is the development of
acquired resistance, which occurs in most patients treated with
a first-line EGFR-TKI. Novel EGFR-TKIs, such as osimertinib, have
been specifically designed to address the challenges of acquired
resistance and poor BBB permeability and have demonstrated
efficacy in the CNS. A rational, iterative drug development pro-
cess to design agents that could penetrate the BBB could pre-
vent morbidity and mortality associated with CNS disease
progression. To ensure a consistent approach to evaluating CNS
efficacy, special consideration also needs to be given to clinical
trial endpoints.The Oncologist 2018;23:1–11

Implications for Practice: Historically, treatment options for patients who develop central nervous system (CNS) metastases have
been limited and associated with poor outcomes. The development of epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs) has improved outcomes for patients with EGFR-mutated disease, and emerging data have demonstrated the ability
of these drugs to cross the blood-brain barrier and elicit significant intracranial responses. Recent studies have indicated a role for
next-generation EGFR-TKIs, such as osimertinib, in the treatment of CNS metastases. In the context of an evolving treatment
paradigm, treatment should be individualized to the patient and requires a multidisciplinary approach.

INTRODUCTION

Central nervous system (CNS) metastases are common in
patients with advanced non-small cell lung cancer (NSCLC),
with a higher incidence observed in patients with epidermal
growth factor receptor (EGFR)-mutated NSCLC, compared with
patients with EGFR-wild type disease, even when adjusted for
differences in survival [1, 2]. In patients with EGFR-mutated dis-
ease, the prevalence of brain metastases at first diagnosis is
approximately 25%, increasing to around 40% of patients 2
years after diagnosis [3, 4]. Leptomeningeal metastases (LM),
the spread of tumor cells into the cerebrospinal fluid (CSF) and

the leptomeninges, occur in 9%–15% of patients with EGFR-
mutated disease [2, 5]. Concurrent brain metastases are com-
mon, with up 82% of patients with LM experiencing prior or
current brain metastases [6, 7]. Brain metastases are associated
with a significantly poorer prognosis [8, 9], and the median
overall survival (OS) time for patients with LM is just 3.6–4.5
months, despite multimodality treatment [10, 11].

The treatment of CNS metastases is particularly challenging
given the limited passage of molecules across the blood-CSF
barrier and blood-brain barrier (BBB; Fig. 1). Many modern
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therapeutic agents, including most chemotherapies, are large
hydrophilic molecules that are unable to cross the BBB [12, 13].
As such, systemic therapies tend to be ineffective against brain
metastases, with response rates for chemotherapy ranging
from 15% to 30% [13]. However, for patients with EGFR-
mutated disease, small molecule EGFR tyrosine kinase inhibi-
tors (TKIs) have the potential to elicit CNS responses. This
review aims to discuss preclinical and clinical evidence for
EGFR-TKIs in the treatment of CNS metastases, within the con-
text of current treatment options.

NONTARGETED TREATMENT OPTIONS FOR CNS METASTASES

In the National Comprehensive Cancer Network (NCCN) Guide-
lines for NSCLC, recommended options for patients with fewer
than three brain metastases include (a) stereotactic radiosur-
gery (SRS) or (b) surgical resection (if symptomatic or needed
for diagnosis) followed by SRS or whole-brain radiotherapy
(WBRT) [14]. Although surgical resection was long considered
the standard of care for solitary brain metastasis, SRS is equally
as effective in extending patient survival [15]. Factors affecting
the choice of surgery versus SRS include tumor size and loca-
tion, systemic disease status, and the need for relief from
symptomatic mass effect or edema [16]. SRS has been shown
to be equally as effective in patients with 5–10 brain metasta-
ses, compared with patients with 2–4 brain metastases, indicat-
ing that SRS is also suitable for patients with extensive brain
metastases [17]. However, although SRS provides a high local
tumor control rate (84%–93%) [18, 19], it does not provide dis-
tant brain control [18, 20].

Traditionally, the NCCN Guidelines for NSCLC have recom-
mended WBRT to target multiple metastases and prevent dis-
tant brain failure [21]; however, as extended survival is possible
for patients with EGFR-mutated disease, the treatment-related

toxicities associated with WBRT are of concern. Acute adverse
effects, such as nausea and headache, are typically self-limiting.
However, late adverse effects (occurring months or years after
treatment) such as neurocognitive decline, leukoencephalop-
athy, and radiation necrosis are irreversible and may have
severe consequences [22, 23]. Results from a recent phase III
trial indicate that the addition of WBRT to optimal supportive
care does not significantly improve survival or quality of life for
patients with brain metastases from NSCLC [24]. However, this
study was not specific to patients with EGFR-mutated disease,
in whom the risk-benefit assessment may differ due to
improved systemic prognosis. In line with these results, the
NCCN Guidelines for NSCLC have revised recommendations for
the treatment of brain metastases by decreasing recommenda-
tions for WBRT [14].

There is a lack of standard treatments for patients with LM,
from any type of primary cancer, due to insufficient evidence in
the literature [25]. The NCCN Guidelines for CNS cancers rec-
ommend that patients with LM, from any primary cancer, be
stratified into poor-risk and good-risk groups. The recom-
mended treatment for patients in the poor-risk group is pallia-
tive/best supportive care and to consider radiotherapy to
symptomatic or painful sites for palliation. For patients in the
good-risk group, radiotherapy to bulky disease or symptomatic
sites is recommended; a CSF flow scan is strongly recom-
mended to direct further treatment. Depending on the results
of CSF flow scans and CSF cytology, further treatment options
include intra-CSF chemotherapy, radiotherapy, and systemic
chemotherapy [25].

EGFR-TKIS
EGFR-TKIs have a lowmolecular weight and the potential to cross
the BBB more readily than most intravenous chemotherapies.

Figure 1. Passage of molecules across the blood-brain barrier. Endothelial cell tight junctions provide a structural barrier between the
blood and the brain. Only small lipophilic molecules with a molecular weight of <400 Da can gain entry to the brain via passive diffusion;
the passage of other larger molecules is carrier- or receptor mediated [12]. The drug efflux transporter proteins BCRP and P-gp further
restrict the access of therapeutic molecules to the brain by actively transporting them back into circulation [129, 130].
Abbreviations: BCRP, breast cancer-resistance protein; Da, Dalton; P-gp, permeability glycoprotein.
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However, first- and second-generation EGFR-TKIs generally have
poor biopharmaceutical properties for BBB penetration due to
their affinity for efflux transport proteins such as the adenosine
triphosphate-binding cassette subfamily members B1 and G2
(ABCB1 and ABCG2), hereafter referred to as permeability glyco-
protein (P-gp) and breast cancer-resistance protein (BCRP),
respectively [26–28] (Fig. 1). Preclinical studies have shown that
uptake of EGFR-TKIs in the brain is low because they do not
readily cross the BBB [29, 30]. The CSF penetration of first- and
second-generation EGFR-TKIs is generally low, with average CSF
penetration rates of <1%, 1%–3%, and 3%–6% reported for
afatinib, gefitinib, and erlotinib, respectively [31–34]. The CSF
penetration of gefitinib is enhanced in patients with brain
metastases, compared with patients without brain metastases,
potentially due to tumor-induced BBB disruption [35, 36], rais-
ing the question of whether small asymptomatic brain metasta-
ses could be treated with an EGFR-TKI alone. The effect of
WBRTon the BBB permeability of EGFR-TKIs is unclear, with one
study reporting an increase in the CSF:plasma ratio of gefitinib
following WBRT [35] and another reporting no difference [33].

Despite preclinical data suggesting poor BBB penetrance,
EGFR-TKIs have demonstrated systemic efficacy and CNS activ-
ity in patients with brain metastases. In a meta-analysis of eight
clinical studies, EGFR-TKIs in combination with SRS or WBRT
were found to significantly improve objective response rate
(ORR), time to CNS progression, and median OS, compared
with radiotherapy without EGFR-TKIs [37]. One phase II study
of EGFR-TKIs for brain metastases reported a systemic ORR of
83%; however, there was a high rate of intracranial disease pro-
gression. Of those patients experiencing disease progression,
62% progressed in intracranial lesions only and 19% in both
intracranial and extracranial lesions [38]. However, compared
with chemotherapy, EGFR-TKIs are associated with a lower risk
of progression in the CNS [39]. EGFR-TKIs have shown promise
in the treatment of LM, with retrospective studies indicating
that EGFR-TKIs can improve survival [2, 10]. An intermittent
high dose, known as pulsatile dosing, has been trialed in an
attempt to increase EGFR-TKI concentrations in the CSF and
has shown promise in treating patients with CNS metastases
that are refractory to treatment with standard-dose EGFR-
TKIs [40].

A major challenge with EGFR-TKI treatment is the develop-
ment of acquired resistance, which occurs in most patients
treated with a first-line first- or second-generation EGFR-TKI
(i.e., gefitinib, erlotinib, afatinib) [41–43]. Although several
mechanisms of resistance to EGFR-TKI therapy have been iden-
tified, in more than 50% of cases, resistance is attributable to
the EGFR T790M mutation [44–47]. However, research con-
ducted using paired biopsies indicates that the distribution of
T790M is spatially heterogeneous, with a lower frequency in
the CNS compared with thoracic lesions [48, 49]. The compara-
tive rarity of T790M in the CNS may be due to the relatively
poor CNS penetration of EGFR-TKIs [49]. Evidence suggests that
mechanisms of resistance in CNS metastases may differ com-
pared with those outside of the CNS [50, 51].

In recent years, novel EGFR-TKIs, such as osimertinib and
AZD3759, have been developed to address the challenges of
acquired resistance and poor CNS penetration, respectively,
that are experienced with first- and second-generation EGFR-
TKIs [52–54]. A summary of ongoing clinical trials of EGFR-TKIs

for patients with CNS metastases from NSCLC is listed in Table
1. In the following sections, we discuss evidence for individual
EGFR-TKIs in CNS metastases.

Gefitinib
Gefitinib is the first EGFR-TKI to be approved for the treatment
of NSCLC, with initial approval granted for third-line treatment
of patients with advanced NSCLC, irrespective of EGFR-muta-
tion status, and subsequent approvals for first-line treatment
of patients with advanced EGFR-mutated disease [28, 55, 56].
Preclinical data show that the distribution of [14C]gefitinib in
the CNS of nontumor-bearing mice (AstraZeneca, data on
file) and pigmented rats is low [30]. [11C]gefitinib also demon-
strated low penetration in the nonhuman primate brain under
positron emission tomography (PET) microdosing conditions
[30], deemed robust methodology for predicting brain expo-
sure [57]. In in vitro assays and a murine NSCLC brain metasta-
ses model, the CNS permeability and efflux ratio of gefitinib
increased in a dose-dependent manner. However, gefitinib is
a substrate for P-gp and, even at the highest dose tested
(200 mg/kg), had limited BBB penetration [58]. Gefitinib has
been shown to inhibit P-gp in multidrug-resistant lung cancer
cells, suggesting it may be able to partially overcome this mech-
anism of drug resistance [59].

Despite its poor CNS penetration properties, preclinical
studies have shown that gefitinib has CNS activity. In mice with
EGFR overexpressing intracranial tumors, gefitinib treatment
prolonged median survival, compared with no treatment (34
and 18 days, respectively) [29]. Durable responses to gefitinib
have been reported in a case series of patients with brain
metastases from EGFR-mutated NSCLC [60]. In a phase II study
(n 5 41), intracranial ORR with gefitinib was 88%, with 13
patients (32%) experiencing a complete response (CR) [61]. The
median time to CNS progression was 14.5 months, with an OS
of 21.9 months; however, salvage radiotherapy was required in
49% of patients.

Erlotinib
Erlotinib is a first-generation EGFR-TKI recommended as an
option for first-line treatment of advanced EGFR-mutated
NSCLC [14]. As with gefitinib, preclinical studies have demon-
strated that erlotinib exposure in the brain is limited [62]. The
primary efflux mechanism for erlotinib has been identified as
BCRP, with P-gp having little effect [63]. Although erlotinib pen-
etration of the BBB is normally limited, one case study reports
increased accumulation of [11C]erlotinib in brain lesions, com-
pared with the cerebral cortex, of a patient with both brain
metastases and LM from NSCLC [64]. Near complete remission
of the patient’s CNS metastases was achieved within 3 weeks
of treatment initiation [64]. It is possible that, in some cases,
tumor-induced disruption of the BBB may allow for increased
erlotinib penetration. In a retrospective analysis of 17 patients
with brain metastases from EGFR-mutated NSCLC treated with
erlotinib, CNS ORR was 82% and median time to CNS progres-
sion was 11.7 months [65]. Of eight patients who did not
receive WBRT and were treated with erlotinib alone, six (75%)
had objective responses (four CR, two partial responses).

Several case series have reported promising efficacy with
high-dose erlotinib for the treatment of CNS metastases
(including LM) refractory to EGFR-TKIs administered at conven-
tional doses [40, 66, 67]. In a retrospective analysis of nine
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Table 1. Ongoing clinical trials of EGFR-TKIs for patients with CNS metastases from NSCLC

Drug/study
no.

Patient
population Phase Treatment

Primary
endpoint

Secondary efficacy
endpoints

Erlotinib

NCT02556593 4-10 BM from
EGFR WT NSCLC

II Erlotinib1 IMR
vs. WBRT

CNS PFS

NCT00871923 BM from NSCLC II Erlotinib1WBRT Median survival

NCT02655536 Asymptomatic BM
from EGFR1 NSCLC

II Erlotinib vs.
bevacizumab1
erlotinib

PFS OS; ORR; time to CNS
progression; time to extra-CNS
progression; time to neurologi-
cal symptom progression; PFS-
2 in patients with CNS
progression

NCT01518621 BM from NSCLC II WBRT1erlotinib
vs. WBRT

OS Local control rate; time to
neurologic progression; QoL

NCT01454102 BM from EGFR1
NSCLC

I Nivolumab6
chemotherapy,
bevacizumab,
erlotinib, or
ipilimumab

Safety and
tolerability

ORR; PFS

NCT02714010 BM from EGFR1
NSCLC

III Erlotinib or gefitinib
or icotinib6WBRT

Intracranial PFS OS; ORR; cognitive
impairment; QoL

NCT02882984 BM from EGFR1
NSCLC

III Hypofractionated
SRS1 EGFR-TKI vs.
WBRT1 EGFR-TKI
(erlotinib, gefitinib,
icotinib)

Intracranial PFS OS; cognitive function; QoL

Gefitinib

NCT01951469 BM from EGFR1
NSCLC

II Gefitinib6
pemetrexed/cisplatin

Intracranial PFS RR; PFS; OS

NCT02338011 BM from EGFR1
NSCLC

II/III Gefitinib6WBRT Time to
progression;
intracranial,
extracranial, and
overall PFS

OS; intracranial or extracranial
disease progression; QoL/
ECOG performance status;
mental status

NCT02882984 BM from EGFR1
NSCLC

III Hypofractionated
SRS1 EGFR-TKI vs.
WBRT1 EGFR-TKI
(erlotinib, gefitinib,
icotinib)

Intracranial PFS OS; cognitive function; QoL

Osimertinib

NCT02736513 Asymptomatic BM
from NSCLC

II Osimertinib Intracranial ORR Intracranial DCR; median time
to intracranial response,
median intracranial PFS (all by
modified RECIST)

NCT02971501 BM from EGFR1
NSCLC

II Osimertinib6
bevacizumab

PFS Brain metastases response
rate; intracranial response
rate; intracranial response
according to RANO; ORR by
RECIST; time to CNS
progression; time to
intracranial progression; OS

NCT02972333 BM from T790M1
NSCLC

III Osimertinib6
radiation therapy

PFS Extracranial and intracranial
PFS, ORR, DCR, and DoR; OS;
QoL; cognitive function

NCT02856893 T790M1 NSCLC II Osimertinib vs.
gefitinib then
osimertinib

PFS ORR; OS; time to brain
progression; time to
symptomatic brain metastases
in patients with brain
metastases at study entry

NCT02228369 BM or LM from
EGFR1 NSCLC

I Osimertinib/
AZD3759

Safety and
tolerability

Plasma and CSF concentrations;
PK; CSF RR for patients with LM
or BM; change in neurological
exam and CNS symptoms (LM);
ORR, DCR, PFS

(continued)

4 EGFR-TKIs for CNS Metastases from NSCLC

Oc AlphaMed Press 2018©AlphaMed Press 2018

EGFR-TKIs for CNS Metastases from NSCLC1202



patients with CNS metastases from EGFR-mutated NSCLC
treated with high-dose erlotinib (900–1500 mg weekly), six
(67%) patients had a partial radiographic response. Median
time to CNS progression was 2.7 months and OS was 12
months after initiation of high-dose erlotinib [40]. Another
small case series reported radiographic responses in four of five
(80%) evaluable patients treated with high-dose erlotinib, with
one patient showing a CR of both brain metastases and LM
[66]. Excluding a patient with prolonged survival who received
combination therapy, median OS was 4 months (range 2.5–15
months). The efficacy of high-dose erlotinib in patients with LM
is further discussed in the leptomeningeal metastases section.

Afatinib
Afatinib is a second-generation EGFR-TKI and was approved as
first-line treatment for EGFR-mutated advanced NSCLC in the
U.S. in 2013. Preclinical studies of afatinib have shown that
exposure in the brain is low, with a brain:plasma maximum
observed plasma concentration (Cmax) ratio of<0.36 for a clini-
cally relevant dose of afatinib [30]. However, afatinib has been
shown to penetrate the BBB in a murine model of brain metas-
tases from NSCLC and, despite low CNS exposure, cause intra-
cranial tumor regression [68].

The overall response to afatinib in patients with brain
metastases has been assessed in subset analyses of phase II
and phase III trials. In the phase II LUX-Lung 2 trial, the ORR was
similar between patients with and without brain metastases
(65% vs. 60%) [69]. A subgroup analysis of patients with brain
metastases included in the phase III LUX-Lung 3 and LUX-Lung 6
trials revealed significant improvements in systemic ORR for
patients treated with afatinib compared with chemotherapy
(70% vs. 20% and 75% vs. 28%, respectively) [70]. The intracra-
nial response rate was not assessed in either study. In an
exploratory combined analysis of both studies, progression-free
survival (PFS) was longer with afatinib than with chemotherapy
(8.2 vs. 5.4 months; hazard ratio [HR] 0.50; 95% confidence
interval [CI] 0.27–0.95; p 5 .0297). The PFS benefit with afatinib
was found to be higher in those patients who received prior
WBRT (13.8 vs. 4.7 months) compared with patients who did

not (6.9 vs. 5.4 months) [70]. Further studies are required to
establish the CNS efficacy of afatinib.

Icotinib
Icotinib is a novel EGFR-TKI approved for the second- or third-
line treatment of advanced NSCLC by the State Food and Drug
Administration of the People’s Republic of China [71]. Preclini-
cal data on the ability of icotinib to cross the BBB are lacking;
however, CSF penetration in patients with brain metastases
from NSCLC has been reported as 1.2%–9.7% across three dif-
ferent dose levels (125–500 mg), with a significant correlation
between icotinib concentration in the CSF and plasma [72].
WBRT was found to not impact the CSF penetration of icotinib.
In a phase III trial (n 5 176), icotinib demonstrated superior
efficacy over WBRT and chemotherapy for patients with brain
metastases from EGFR-mutated NSCLC [73]. Intracranial PFS
was 10 months with icotinib versus 4.8 months with WBRTplus
chemotherapy (HR 0.56; 95% CI 0.36–0.90; p 5 .014). Intracra-
nial ORR was also significantly improved with icotinib, com-
pared with WBRT and chemotherapy (65% vs. 37%,
respectively; p 5 .001), although there was no difference in OS
(18 vs. 20.5 months; p 5 .734).

Osimertinib
Osimertinib is a potent, CNS-active, irreversible EGFR-TKI selec-
tive for EGFR-TKI-sensitizing mutations and the EGFR T790M
resistance mutation [30, 52, 74, 75]. Osimertinib initially
gained U.S. Food and Drug Administration approval based on a
pooled analysis of two phase II studies (AURA extension and
AURA2) demonstrating a response rate of 66% in patients with
EGFR T790M mutations who were refractory to EGFR-TKI
treatment [76, 77]. Osimertinib is now recommended in the
NCCN Guidelines for NSCLC as first-line treatment for patients
with EGFR-mutated NSCLC and as second-line treatment for
patients with T790M-positive disease following progression on
erlotinib, gefitinib, or afatinib [14]. Preclinical development of
osimertinib specifically focused on the assessment of brain
penetration and CNS activity. Despite being a substrate of the
efflux transporters P-gp and BCRP, osimertinib is more highly

Table 1. (continued)

Drug/study
no.

Patient
population Phase Treatment

Primary
endpoint

Secondary efficacy
endpoints

Icotinib

NCT01926171 BM from NSCLC IV Icotinib1WBRT Intracranial ORR Extracranial ORR; intracranial PFS

NCT02726568 BM from EGFR1
NSCLC

II High-dose
icotinib

Intracranial PFS PFS; QoL; neurocognitive
effects

Other EGFR-TKIs

NCT02616393 BM or LM from
EGFR1 NSCLC
previously treated
with EGFR-TKI

II Tesevatinib Activity against BM
using RECIST 1.1;
activity against LM
using symptom
resolution

QoL; PFS; rate of CNS
nonprogression; CNS and non-
CNS TTP; OS; activity against
LM using cytology

NCT03046992 T790M1 NSCLC
(including
asymptomatic BM)

I/II YH25448 Safety and
tolerability; ORR

DoR; DCR; PFS; OS; tumor
shrinkage; intracranial ORR,
DoR, PFS

Abbreviations: BM, brain metastases; CNS, central nervous system; DCR, disease control rate; DoR, duration of response; ECOG, Eastern Coopera-
tive Oncology Group; EGFR, epidermal growth factor receptor; EGFR1, EGFR mutation positive; IMR, intensity-modulated radiotherapy; LM, lepto-
meningeal metastases; no., number; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free
survival; PK, pharmacokinetic; QoL, quality of life; RANO, Response Assessment in Neuro-Oncology; RR, response rate; SRS, stereotactic radiosur-
gery; T790M1, T790M mutation positive; TKI, tyrosine kinase inhibitor; TTP, time to progression; WBRT, whole-brain radiotherapy; WT, wild type.
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distributed than gefitinib, rociletinib, and afatinib in the mouse
brain, with a brain:plasma Cmax ratio of 3.41 versus 0.21,
<0.08 and <0.36, respectively [30]. Osimertinib is also highly
distributed in the nonhuman primate brain, with greater expo-
sure than rociletinib and gefitinib [30].

In the phase III AURA3 trial, osimertinib demonstrated sig-
nificantly greater systemic efficacy than chemotherapy in
patients with T790M-positive NSCLC, including those patients
with CNS metastases [78]. In a prespecified subgroup analysis,
CNS ORR in patients with measurable CNS lesions (n 5 46) was
70% with osimertinib, compared with 31% with chemotherapy
(p 5 .015). In patients with measurable and/or nonmeasurable
CNS lesions (n 5 116), median CNS PFS was significantly longer
with osimertinib compared with chemotherapy (11.7 vs. 5.6
months; HR 0.32; 95% CI 0.15–0.69; p 5 .004) [79]. The recent
FLAURA study compared osimertinib with standard-of-care
EGFR-TKI (erlotinib or gefitinib) as first-line therapy in patients
with advanced EGFR-mutated NSCLC; treatment with osimerti-
nib resulted in significantly longer systemic PFS across all prede-
fined subgroups, including those patients with known or
treated CNS metastases (median 15.2 vs. 9.6 months; HR 0.47;
95% CI 0.30–0.74; p< .001) [80]. There was a lower incidence
of CNS progression events with osimertinib versus standard of
care (6% vs. 15%), irrespective of presence or absence of
known or treated CNS metastases at study entry. In a subgroup
analysis of patients with CNS metastases at baseline, as
assessed by neuroradiological blinded independent central
review, there was a 52% reduction in the risk of CNS progres-
sion with osimertinib (HR 0.48; 95% CI 0.26–0.86; p 5 .014
[nominally statistically significant]), confirming that osimertinib
is superior to erlotinib and gefitinib in the control of CNS
metastases [81].

In a subgroup analysis of patients with CNS metasta-
ses at baseline, as assessed by neuroradiological
blinded independent central review, there was a 52%
reduction in the risk of CNS progression with osimer-
tinib, confirming that osimertinib is superior to erloti-
nib and gefitinib in the control of CNS metastases.

AZD3759
AZD3759 represents a novel class of EGFR-TKI, which is not a
substrate of the efflux transporters P-gp or BCRP. This com-
pound, which was specifically developed to achieve high expo-
sure both in the plasma and in the CNS by penetrating the BBB,
is under investigation for the treatment of CNS metastases
from NSCLC [54, 82, 83]. AZD3759 has an unbound brain
exposure:unbound plasma ratio of 0.86, indicating similar free
exposure in the brain and plasma [83]. In a mouse PC-9 (EGFR
exon 19 deletion) xenograft brain metastases model, AZD3759
induced profound tumor regression and significantly improved
survival [53, 82]. The efficacy of AZD3759 in patients with CNS
metastases is currently being evaluated in the ongoing phase I
BLOOM study (NCT02228369). In an EGFR-TKI-na€ıve cohort,
intracranial ORR was 63% (12 of 19 evaluable patients) and sys-
temic ORR 60% (12 of 20 evaluable patients) [84].

Leptomeningeal Disease
The NCCN Guidelines for NSCLC recommend osimertinib
(regardless of T790M status) or weekly pulse erlotinib for
patients with EGFR-mutated NSCLC and progressive LM [14].
Osimertinib has shown promising activity in patients with LM,
with a number of case studies reporting the efficacy of osimer-
tinib 80 mg once daily for treating patients with refractory LM
following prior treatment with EGFR-TKIs, chemotherapy, SRS,
and WBRT [85–89]. The efficacy of osimertinib 160 mg once
daily for patients with heavily pretreated LM is also being
assessed in the phase I BLOOM study. In an interim analysis of
23 patients who reached a 12-week brain imaging assessment,
10 patients had radiological improvement and 13 had stable
disease [90]. The efficacy of AZD3759 is being investigated in
the same study; in the EGFR-TKI pretreated cohort, 53% of 17
evaluable patients had confirmed improved or stable LM on
radiographic assessment, and two of three patients with con-
comitant measurable brain metastases achieved confirmed/
unconfirmed partial CNS response [91].

Both high-dose erlotinib and gefitinib have shown promise
in treating LM. In a phase II study of erlotinib for patients with
LM (n 5 21), 35% of 17 patients with EGFR-mutated disease
achieved complete CSF cytological clearance. Median time to
LM progression and OS were 2.7 and 4 months, respectively
[92]. In a small phase I trial (n 5 7) of high-dose gefitinib
(750 mg or 1,000 mg daily) for 2 weeks, followed by 2 weeks of
maintenance therapy (500 mg daily), no patients showed radio-
logical improvement. However, four patients had neurological
improvement and one had complete CSF cytological clearance.
Median PFS and OS were 2.3 and 3.5 months, respectively [93].

Several small studies suggest that erlotinib may be more
effective than gefitinib for the treatment of patients with LM
[32, 94, 95], and, in a retrospective review of 22 patients who
received erlotinib (n 5 17) or gefitinib (n 5 5) for the treatment
of LM from EGFR-mutated NSCLC, median PFS was longer in
patients treated with erlotinib compared with gefitinib (6.6 vs.
2.1 months; p 5 .07). Median OS with erlotinib was more than
double the OS achieved with gefitinib (7.2 vs. 3.0 months;
p 5 .32) [95]. Case studies also suggest that erlotinib may have
value in treating patients who have LM progression with gefiti-
nib [34, 96].

There is limited evidence for the efficacy of other EGFR-TKIs
for the treatment of LM. Evidence for the efficacy of afatinib in
LM is limited to case reports, which have described successful
treatment of LM [97–100]. In a retrospective review of stand-
ard- or double-dose icotinib for LM from NSCLC, 81% of 21
patients had improved Eastern Cooperative Oncology Group
performance status, and median OS was 10.1 months [101].
However, as this was a small retrospective study, and patients
received additional therapies for the treatment of LM, further
studies are required to confirm the potential benefit of icotinib
in this setting.

TREATING CNS METASTASES: CHALLENGES AND FUTURE
DIRECTIONS

Clinical Trial Endpoints
The selection of the most appropriate endpoints for clinical tri-
als in patients with CNS metastases is challenging, given the
need to account for both CNS and systemic disease. OS may
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not be an optimal endpoint, as death due to systemic disease
progression, despite stable CNS disease, is common [102, 103].
If PFS is used as an endpoint, a clear distinction between CNS,
non-CNS, and systemic PFS should be made. However, an accu-
rate assessment of intracranial PFS can be difficult to achieve
after SRS, as radionecrosis can resemble disease recurrence
[102]. Furthermore, if systemic disease progression occurs,
assessments of CNS progression often ceases, censoring CNS or
overall PFS results. As an alternative approach, some studies have
employed neurocognitive outcomes as a primary endpoint [104].

RECIST World Health Organization tumor response criteria,
and Response Assessment in Neuro-Oncology (RANO) are
commonly used in clinical trials to measure response to treat-
ment. However, patients with CNS metastases have tradition-
ally been excluded from clinical trials, and, when included,
there has been a lack of standardization of response assess-
ment [105, 106]. The previously mentioned criteria were not
designed to assess CNS response and, therefore, have major
limitations in this setting. In particular, unstandardized neuroi-
maging criteria and nonspecific shrinkage measurements make
it difficult to determine a uniformly measured response that
can be robustly compared across clinical trials [102]. To address
these limitations, additional, specific RANO criteria have been
proposed [107]. The RANO criteria for the assessment of brain
metastases takes radiographic responses, corticosteroid use,
and clinical status into account for response assessment
[106]. It is hoped that these criteria will facilitate the develop-
ment of novel, consistent approaches for the evaluation of CNS
metastases.

Traditional efficacy endpoints are challenging to apply
in clinical trials of LM as cause of death is usually diffi-
cult to determine and patients often have simultane-
ous progression of both CNS and systemic disease.
Consequently, the most suitable endpoint to evaluate
treatment efficacy in this population may be time to
neurological disease progression.

Traditional efficacy endpoints are challenging to apply in
clinical trials of LM as cause of death is usually difficult to deter-
mine and patients often have simultaneous progression of
both CNS and systemic disease. Consequently, the most suita-
ble endpoint to evaluate treatment efficacy in this population
may be time to neurological disease progression [108]. There is
currently no validated quantitative radiographic method to
assess LM. False-negative results are common with CSF cytol-
ogy analysis [109] and neuroimaging [110, 111], making
response difficult to determine in these patients. In addition,
the absence of a uniform approach to treatment decisions
makes the determination of suitable candidates for LM trials
difficult. There has been a lack of standardization in clinical trials
for LM, with heterogeneity in trial endpoints and response
assessments [108]. To address these challenges, the RANO LM
working group have developed a consensus proposal for LM
response assessment, with the aim of standardizing neurologi-
cal, CSF cytology, and radiographic assessments [112]. These
novel response criteria have not yet been validated and may
require further refinement.

Treatment Sequence
The results of the recent FLAURA study, which demonstrate osi-
mertinib’s superiority over erlotinib and gefitinib in the first-
line setting [80], raise the question of optimal EGFR-TKI
sequencing. If reserved for those patients with disease progres-
sion following first-line EGFR-TKIs, osimertinib may extend PFS
and offer patients another line of treatment. However, the
superior CNS control with osimertinib, and potential to prevent
the development of CNS metastases, support its up-front use.
Furthermore, reserving osimertinib for second-line treatment
may limit the patient population that can provide a benefit
from this agent. Although more than 50% of patients will have
T790M-positive tumors on progression [44–47], some may not
be suitable for rebiopsy [113] or second-line therapy. Previous
clinical trial reports suggest that as many as 20%–50% of
patients with EGFR-mutated NSCLC do not receive any post-
study treatment after discontinuation, due to aggressive dis-
ease progression [114–116].

The optimal treatment sequence for patients with CNS
metastases from EGFR-mutated NSCLC is not clear. In a retro-
spective analysis of patients who developed brain metastases
before initiating therapy with an EGFR-TKI (erlotinib in 98% of
patients), SRS followed by EGFR-TKI was associated with a
greater OS than WBRT followed by EGFR-TKI (median 47 vs. 31
months) [117]. However, the use of an up-front EGFR-TKI, and
deferral of SRS or WBRT, was associated with an inferior OS
(median 25 months). To confirm these findings, a prospective
randomized trial of SRS followed by EGFR-TKI, compared with
EGFR-TKI followed by SRS at CNS progression, is needed. Con-
current WBRT and EGFR-TKI treatment has been shown to be
effective in phase II trials of erlotinib, gefitinib, and icotinib for
the treatment of brain metastases from NSCLC, with an accept-
able tolerability profile. In a phase II trial (n 5 21) of gefitinib
administered concurrently with WBRT, intracranial ORR was
81% in patients with measurable lesions; median PFS and OS
were 10 and 13 months, respectively [118]. Erlotinib adminis-
tered concurrently with WBRT has demonstrated a CNS ORR of
86% and a median CNS PFS of 8 months in a phase II study
(n 5 40). For patients with EGFR-mutated disease, median sur-
vival time was 19.1 months [119]. In a study of icotinib plus
WBRT (n 5 20), intracranial ORR was 80%. Median PFS and OS
for patients with EGFR-mutated disease were 12 and 22
months, respectively [120]. However, given the limitations of
WBRT, further research is needed to assess whether the addi-
tion of WBRT to EGFR-TKI treatment improves outcomes, com-
pared with EGFR-TKI alone for patients with CNS metastases
from EGFR-mutated disease.

Novel Diagnostic Approaches to Assess BBB
Penetrance
EGFR-TKIs with improved BBB-penetrating properties could
have benefits in both treating and preventing CNS metastases
[121]; however, developing drugs with good BBB-penetrating
properties and accessing the CNS sanctuary site remains a chal-
lenge. Radiolabeling EGFR-TKIs for PETmicrodosing studies pro-
vides an opportunity to evaluate BBB penetration and brain
exposure. To date, this approach has been limited to the pre-
clinical assessment of EGFR-TKIs [30, 62]. However, such studies
can also be performed in healthy volunteers and patients with
brain metastases from NSCLC, in whom the BBB may be
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compromised. Although the tracer doses used in PETmicrodos-
ing studies do not reflect the brain exposure of therapeutic
doses, the utility of this approach for assessing BBB penetration
and brain distribution in humans has been established using
sertraline [122].

CONCLUSION
Despite the challenge of BBB penetration, initial CNS responses
in treatment-na€ıve patients are common following treatment
with EGFR-TKIs alone. Novel EGFR-TKIs developed to improve
CNS penetration, such as osimertinib, show encouraging effi-
cacy in controlling CNS disease, and personalized biomarker-
driven treatment strategies will continue to maximize benefit
to individual patients [78, 123–128]. Although recent studies
suggest that deferring radiotherapy may be associated with
comparatively inferior survival, combined treatment approaches
have demonstrated efficacy and an adequate safety profile.
Therefore, the treatment of CNS metastases from EGFR-mutant
NSCLC requires a multidisciplinary approach to define optimal
treatment options or sequence of therapies for individual
patients. Given the evolving treatment paradigm for these
patients, treatment decisions must be individualized, factoring
in the patient’s performance status, CNS disease burden, and
clinical symptoms in the context of a critical risk-benefit analysis.
Looking to the future, clinical trial endpoints need to clearly dif-
ferentiate between CNS and systemic disease progression, be
tailored to the trial setting, type of therapy under investigation,
patient population, and EGFR-mutation status, and be used con-
sistently across studies. The use of a rational, iterative approach

to the drug development process allows the design of agents
with the intention of overcoming the BBB and holds promise
for preventing morbidity and mortality attributable to CNS dis-
ease progression.
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For Further Reading:
Melin J. Khandekar, Zofia Piotrowska, Henning Willers et al. Role of Epidermal Growth Factor Receptor (EGFR)
Inhibitors and Radiation in the Management of Brain Metastases from EGFR Mutant Lung Cancers. The Oncologist
2018;23:1054–1062; first published on April 27, 2018..

Implications for Practice:
Management of brain metastases in epidermal growth factor receptor (EGFR) mutant lung cancer is a common clinical
problem. The question of whether to start initial therapy with an EGFR inhibitor or radiotherapy (either whole‐brain
radiotherapy or stereotactic radiosurgery) is controversial. The development of novel EGFR inhibitors with enhanced
central nervous system (CNS) penetration is an important advance in the treatment of CNS disease. Multidisciplinary
evaluation and evaluation of extracranial disease status are critical to choosing the best treatment option for each
patient.
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