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Abstract: Central nervous system (CNS) metastases, including brain metastases (BM) and leptomeningeal
metastases (LM) represent a frequent complication of non-small cell lung cancer (NSCLC). Patients with
BM comprise a heterogeneous group, with a median survival that ranges from 3 to 14 months. However,
in the majority of patients, the occurrence of CNS metastases is usually accompanied by severe morbidity
and substantial deterioration in quality of life. Local therapies, such as whole brain radiotherapy (WBRT),
stereotactic radiosurgery (SRS) or surgical resection, either alone or as part of a multimodality treatment
are available treatment strategies for BM and the choice of therapy varies depending on patient group
and prognosis. Meanwhile, introduction of tyrosine kinase inhibitors (T KIs) in clinical practice has led
to individualization of therapy based upon the presence of the exact abnormality, resulting in a major
therapeutic improvement in patients with NSCLC who harbor epidermal growth factor receptor (EGFR)
activating mutations or anaplastic lymphoma kinase (ALK) gene rearrangements, respectively. Based on their
clinical activity in systemic disease, such molecular agents could offer the promise of improved BM control
without substantial toxicity; however, their role in combination with radiotherapy is controversial. In this
review, we discuss the controversy regarding the use of TKIs in combination with radiotherapy and illustrate

future perspectives in the treatment of BM in NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC), which accounts
for 84% of lung cancer cases in the US, is one of the
major causes of cancer-related deaths worldwide (1).
Central nervous system (CNS) metastases, including brain
metastases (BM) and leptomeningeal metastases (LM)
represent a frequent complication; it has been postulated
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that approximately 40% and 5% of NSCLC patients will
develop BM and LM respectively during the course of the
disease (2). Patients with BM comprise a heterogeneous
group, with a median survival that ranges from 3 to
14 months (3). However, in the majority of patients, the
occurrence of CNS metastases is usually accompanied by

severe morbidity and decrease in quality of life.
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Through the years, advances in evaluation of BM, such
as the development of the Diagnosis-Specific Graded
Prognostic Assessment (GPA) score enabled quantification
of prognosis and assessment of patient survival (4). Local
therapies, such as whole brain radiotherapy (WBRT),
stereotactic radiosurgery (SRS) or surgical resection, either
alone or as part of multimodality treatment are available
treatment strategies for BM and the choice of therapy
varies depending on patient group and prognosis. On the
other hand, the role of systemic therapy in the treatment
of patients with BM is less well-defined. Recent studies
assessing the efficacy of chemotherapeutic agents, such
as temozolomide, in combination with radiotherapy in
patients with NSCLC and BM have failed to demonstrate
any benefit compared to radiotherapy alone, possibly as a
result of low blood brain barrier (BBB) penetration (5,6).
However, several prospective trials in NSCLC patients
with asymptomatic BM haves shown substantial activity of
first line chemotherapy for BM, with intracranial response
rates (RR) comparable to systemic RR, warranting further
research on the role of chemotherapy in CNS disease from
NSCLC (7-12).

Most recently, an improved understanding of the
molecular pathways that drive malignancy in NSCLC
triggered the development of agents that act against specific
molecular targets in cancer cells, such as epidermal growth
factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK). Introduction of tyrosine kinase inhibitors (TKIs)
in clinical practice has led to individualization of therapy
based upon the presence of the exact abnormality, resulting
in a major therapeutic improvement in patients with
NSCLC who harbor EGFR or ALK activating mutations.
Based on their clinical activity in systemic disease, such
molecular agents could offer the promise of improved BM
control without substantial toxicity; however, their role in
combination with radiotherapy is controversial.

In this review, we will discuss the controversy regarding
the use of TKIs in combination with radiotherapy and

illustrate future perspectives in the treatment of BM in
NSCLC.

CNS metastases in NSCLC: current clinical
practice

CNS metastases are present at initial diagnosis in
approximately 10-20% of patients with NSCLC.
Furthermore, it has been estimated that they develop as
site of first recurrence following successful locoregional
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treatment for non-metastasized locally advanced NSCLC in
approximately 18% of NSCLC patients (13). Traditionally,
systemic therapies have a limited role in the treatment of
CNS metastases, due to presence of a BBB that prevents
systemic drugs from reaching brain parenchyma. The
BBB is formed by brain endothelial cells connected by
tight junctions with high electrical resistivity and acts as
a selective barrier between the systemic circulation and
cerebrospinal fluid (CSF) (14). BBB is surrounded by a
basement membrane covered by podocytes and astrocytes.
It permits the passage of lipid-soluble molecules by passive
diffusion, in addition to molecules essential for neural
function. Selective chemotherapeutic drugs that are able
to achieve good BBB penetration are those that are not
substrates of efflux transporters, such as P-glycoprotein,
which is high expressed by the BBB and carries the majority
of drugs outside the intracranial region (15). Nevertheless,
the integrity of BBB is usually disrupted following the
occurrence of BM at later stages, albeit permeability is
inhomogeneous (16). More specifically, when BM reach a
size more than 5 mm, the BBB is disrupted, as demonstrated
by enhancement upon intravenous contrast medium
injection during imaging techniques (12). In addition,
WBRT commonly disrupts the BBB. The disruption of the
BBB might explain the activity of first line chemotherapy
in NSCLC BM (12). However, BM is frequently the site of
relapse after curative treatment in NSCLC; this indicates
that chemotherapeutic drugs might not sufficiently cross
the BBB.

Initial therapy for symptomatic BM includes the
administration of corticosteroids to reduce peri-tumoral
edema and anticonvulsant therapies in case of seizures (17).
Subsequently, treatment depends on the location, number
of BM and prognosis. Patients with a single brain metastasis
who are good surgical candidates should be offered surgical
resection or SRS, as several studies have shown a survival
advantage with the addition of surgery or SRS to WBRT
compared to WBRT alone (18-20). Patients with 1-4
cerebral metastases should be treated with SRS with or
without WBRT. The combination of SRS and WBRT
has been shown to improve intracranial control but not
overall survival (OS) in patients with oligo metastatic
or oligo progressive disease (21,22). On the other hand,
the vast majority of patients are not eligible for invasive
strategies due to multiple metastases or poor performance
status. WBRT represents the only therapeutic option for
these patients; it results in improvement of neurological
deficits in approximately 30% of patients (23). However,
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in the recent randomized QUART?Z trial, that assessed
the efficacy of WBRT compared to best supportive care in
patients with BM and NSCLC, no clear survival advantage
or improvement in quality of life was shown for patients
that were treated with WBRT (24).

There is currently no standard of care for the treatment
of LM; this is mainly due to the fact that LM occurs
relatively rarely. Consequently, there is a lack of randomized
studies; available therapeutic options, such as intravenous
or intrathecal chemotherapy and radiation of the brain or
affected neuro-axis are somewhat based on the treatment of
patients with LM and hematological malignancies. In either
case, patients with LM carry a dismal prognosis that ranges
from 4 to 22 weeks (25,26).

TKIis and NSCLC-associated BM
EGFR TKIs

EGFR TKIs, such as erlotinib, gefitinib and afatinib are
the standard therapy for advanced NSCLC patients with
EGFR-activating mutations, having shown superiority in
progression free survival (PFS) compared to chemotherapy
as first line treatment (27-29). There is relative controversy
regarding the change of EGFR mutational status during
the metastatic process; several studies suggest a poor
correlation (30,31), while others have shown consistency
between EGFR mutations found in the primary tumor
and corresponding BM (32). At present, there is some
retrospective evidence supporting a higher incidence of BM
in EGFR mutant tumors (33); however, it is unclear whether
there is a difference at initial diagnosis. Most importantly,
EGFR mutant tumors are more likely to develop BM
during the course of the disease mainly due to longer life
expectancy. On the other hand, it has been postulated that
approximately 14-17% of patients with EGFR mutant
NSCLC present with isolated CNS progression after front
line treatment with EGFR TKIs (34-37). However, others
have demonstrated a lower incidence of BM in the same
population (38). In a retrospective report by Heon er al.,
patients with EGFR mutant NSCLC treated with front line
erlotinib and gefitinib had a lower rate of CNS progression
compared with patients treated with chemotherapy [21%
vs. 32% at 1 year, HR =0.56; 95% confidence interval (CI),
0.34-0.94] (39).

In contrast to cytotoxic agents, EGFR TKIs have been
shown to cross the BBB. This might be attributed to their
low molecular weight; however, concentration in the
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CSF is generally much lower than in blood circulation,
which partially hampers their ability to reach the brain
parenchyma (40,41). Interestingly, higher concentrations
are achieved with erlotinib than gefitinib, suggesting an
increased efficacy of erlotinib in treating BM (40).

Several case reports have postulated complete and
continuous responses following treatment of BM with
gefitinib or erlotinib (42-44). Furthermore, gefitinib has
clinical activity as monotherapy in unselected patients with
NSCLC and BM after failure of standard therapy (45).
In patients with EGFR mutant tumors, retrospective data
suggest an overall intracranial response of 89% for gefitinib
and 82% for erlotinib (2,14,46). Interestingly, erlotinib has
been investigated as monotherapy in the management of
BM. Gerber ez al. retrospectively analyzed data from 222
patients with EGFR mutant tumors and newly diagnosed
BM who were treated with either erlotinib, WBRT or SRS.
WBRT was associated with better intracranial control,
albeit similar OS compared to erlotinib. In this study, the
authors underlined the importance of WBRT in achieving
local control of BM (47). In another phase II trial, erlotinib
was evaluated as second line therapy in NSCLC patients
with asymptomatic BM and no extracranial progressive
disease following first line platinum-based chemotherapy
treatment. The median intracranial PFS was 15.2 months
for patients with EGFR positive tumors, albeit only
4.4 months for EGFR unselected patients. It is important
to note that a series of phase I/II studies using high dose
erlotinib for the treatment of LM in patients with NSCLC
has shown both efficacy and tolerability (48,49). On the
other hand, second generation TKI afatinib has also shown
clinical activity against BM. In a study by Hoffknecht er 4/.,
afatinib demonstrated a disease control rate (DCR) of 66%
in NSCLC patients with BM pretreated with chemotherapy
and first generation TKIs (50).

Finally, third generation irreversible EGFR TKI
osimertinib, which has been proven effective against EGFR-
mutant tumors with acquired T790M resistance, has shown
substantial CNS penetration and remarkable CNS activity
both at preclinical and clinical level (phase II data) (51-53).
Furthermore, in the recent I BLOOM study that was
presented in the 2016 ASCO annual meeting and included
21 patients with LM from NSCLC, osimertinib provided
LM disease control in 76% of patients, among which 33%
had radiologic improvement (54). The majority of patients
were heavily pretreated.

Of note, there is a question whether there is a potential
role of prophylactic cranial irradiation (PCI) in patients
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with EGFR-mutant tumors that are characterized by a
higher incidence of BM. In a recent report, patients with
L858R mutations have been found to have a greater risk
of developing BM (55). There are no randomized studies
addressing this issue. A recent study has shown a potential
benefit of PCI in patients with surgically resected stage
IITA-N2 NSCLC and high risk of BM after adjuvant
chemotherapy (56); however, this study does not provide
data on EGFR mutations.

ALK-TKIs

Rearrangement of ALK is seen in approximately 2-7%
of patients with NSCLC and is a therapeutic target in
advanced NSCLC. It is not clear whether patients with
ALK positive tumors present more frequently with BM
at initial diagnosis; however, it has been estimated that
60% of patients develop CNS metastases during treatment
with first generation TKI crizotinib (57). Several reports
suggest a very low CSF to plasma concentration ratio for
crizotinib (58,59). In a retrospective analysis of patients
with BM included in the pivotal trials PROFILE 1005 and
PROFILE 1007 that let to approval of crizotinib as first and
second line treatment in ALK positive NSCLC, crizotinib
showed an intracranial RR of 18% in untreated BM and
33% in pretreated BM, compared to 50% overall response
rate (ORR) in systematic disease (60). Furthermore, patients
with no preexisting CNS disease developed BM in 20%
of cases, while progressive disease in the CNS occurred in
71.1% of patients with known BM at baseline. Based on
data of poor CNS activity of crizotinib, it is suggested that
patients experiencing CNS progression on crizotinib should
be offered local CNS therapies whereas the administration
of crizotinib should be continued.

Novel ALK-TKIs such as ceritinib and alectinib have
shown promising activity against BM. In a recent report,
efficacy and safety of ceritinib was assessed in a subset of
patients with BM in the phase I ASCEND-1 trial. Among
14 patients with BM, 7 had intracranial response, 4 of
which have been previously treated with crizotinib (61).
On the other hand, alectinib has been designated by the
FDA as breakthrough therapy, following the high RR it
demonstrated in the phase I/1I trial in crizotinib-naive
ALK positive NSCLC patients (62). Alectinib has a better
BBB penetration than crizotinib because it is not expelled
by P-glycoprotein from the intracranial environment (57).
In a phase II trial conducted in crizotinib-resistant or
intolerant patients, 21 patients had BM; alectinib achieved
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a 52% RR (63). Furthermore, among for patients who
have not received WBRT, CNS control was 100% with
alectinib. This trial provides evidence that alectinib is active
in BM after failure of crizotinib. However, prospective
comparison across ALK-TKIs regarding CNS activity is
hampered by lack of CSF pharmacokinetic measurements.
The randomized phase III ALEX trial is currently
assessing the efficacy of alectinib vs. crizotinib as front line
treatment in ALK positive NSCLC; its design will allow
discriminate between intracranial and extracranial failure.
Finally, activity of ALK-TKIs in LM is anecdotal (63,64);
results are eagerly expected from ongoing phase III trials
ALEX and ASCEND-7, which include patients with LM
(NCT02075840, NCT02336451).

TKIis with concurrent radiotherapy
Rationale and clinical data

The management of BM continues to pose a major
challenge in oncology and current therapeutic options
have modest results in achieving good or long intracranial
responses. WBRT is the mainstay of treatment for patients
with multiple metastases. According to NCCN guidelines,
patients with poor performance status should receive a
shorter course of WBRT. EGFR and ALK TKIs have
demonstrated good clinical activity in systemic disease and
might delay CNS progression in patients with EGFR mutant
and ALK positive tumors respectively. However, in patients
with driver mutations, whether EGFR-TKIs can enhance
or replace cranial irradiation in the initial treatment of BM
remains unclear. In a recent meta-analysis, upfront radiation
therapy was shown to improve intracranial disease control
and survival compared to TKI monotherapy in patients with
EGFR mutant tumors (65). In this meta-analysis, a small
proportion of patients received a combination of WBRT
and EGFR TKI. On the other hand, there is evidence that
sequential use of TKIs can delay administration of WBRT
in EGFR mutant tumors (66). An intriguing question in
clinical practice is whether a TKI could be safely combined
with WBRT and in which patient population.

Preclinical data support the combined use of radiotherapy
and EGFR inhibitors as a strategy for cancer treatment. In the
clinical setting, anti-EGFR monoclonal antibody cetuximab
has been suggested as a radiosensitizer, demonstrating
improved OS in conjunction with radiation compared to
radiation alone in patients with squamous cell carcinoma
of the head and neck (67), albeit having failed to show any
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benefit in combination with chemoradiation in locally
advanced NSCLC (68). On the other hand, EGFR TKIs
have shown to potentiate radiotherapy response in human
carcinoma cell lines in vivo and in vitro (69,70). Potential
mechanisms of synergism include cell cycle arrest, induction
of apoptosis, inhibition of radiation-induced DNA repair
mechanisms and increased EGFR expression in radioresistant
clones (69-71). In addition, radiotherapy might disrupt the
BBB, facilitating passage of drugs into the brain (72).

A dose-escalation phase I trial reported by Lind ez 4l
evaluated the tolerability of WBRT with concurrent and
maintenance erlotinib in an unselected population of
patients with NSCLC and BM (73). Patients in cohort 1
received erlotinib at a dose of 100 mg/d before and during
WBRT, whereas in cohort 2, erlotinib was administered at
a dose of 150 mg/d before and during WBRT; patients in
both subgroups received maintenance erlotinib at a dose of
150 mg/d. Out of 11 patients, no serious treatment related
toxicity was observed in cohort 1; however, in cohort 2, one
patient developed grade 3 rash, one had grade 3 fatigue and
two patients died of interstitial lung disease attributed to
erlotinib. No neurotoxicity was reported. Interestingly, only
one patient experienced intracranial progression, suggesting
a high intracranial disease control (73).

Following the results of the phase I study, a phase II
study was conducted in patients with NSCLC and newly
diagnosed BM regardless of EGFR status (74). Erlotinib
was given at a dose of 150 mg/d one week before and
concurrently with WBRT followed by maintenance. ORR
was 86% in the whole population and median survival was
11.8 months, significantly longer than historical controls.
No neurotoxicity was noted. As expected, median PFS and
OS were longer in patients with EGFR mutant tumors
[PFS: 12.3 vs. 5.2 months and OS: 19.1 vs. 9.3 months in
EGFR wild type (WT) tumors]. This is in concordance
with a recent retrospective study that showed an excellent
intracranial control and a median OS of 26 months in
patients with EGFR mutant tumors treated with WBRT
plus EGFR-TKIs (75).

A phase III trial was subsequently performed by the
Radiation Therapy Oncology Group (RTOG) evaluating the
addition of temozolomide or erlotinib in combination with
WBRT and SRS in patients with 1-3 BM and unselected
EGEFR status (76). The study closed early due to accrual
limitations. Median survival was numerically longer with
WBRT + SRS compared to WBRT + SRS and temozolomide,
or WBRT + SRS and erlotinib (13.1 vs. 6.3 vs. 6.1 months
respectively) albeit not statistically significant. This deleterious
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effect in survival was possibly attributed to increased grade
3 to 5 toxicity in the combination arms, which reached 49%
with the addition of erlotinib (P<0.001) (76).

In a subsequent randomized, placebo controlled phase
II study, patients were treated with WBRT with or without
erlotinib in a population of predominantly EGFR-WT
patients (77). In this study, only 37.5% of patients were
alive and without neurological progression following
WBRT and no advantage in neurological PFS or OS was
observed with the addition of erlotinib (PFS and OS HR
=0.95). This is the only study demonstrating an absence of
efficacy of erlotinib in combination with WBRT in EGFR
WT patients. This was confirmed in a recent meta-analysis
presented in the 2015 ASCO meeting; in an unselected
population of patients with BM, the addition of EGFR-
TKIs to WBRT did not provide significant benefit (78).

Gefitinib has also been evaluated in combination with
WBRT in phase II trials. In a phase II study conducted
in a Chinese population, gefitinib was administered in
combination with WBRT, followed by maintenance
therapy (79). The study showed promising results; ORR
was 86% and OS was 13 months. Most side effects were
grade II (rash, diarrhea) and well tolerated. In another
randomized phase II trial, patients with NSCLC and BM
were treated with WBRT in combination with either
gefitinib or temozolomide (80). Median OS was 6.3 months
in the gefitinib-WBRT group compared to 4.9 months in
the temozolomide-WBRT group. No significant toxicity
was observed. Concomitant use of gefitinib and WBRT is
further supported by a retrospective analysis that included
Chinese patients with BM who were treated with gefitinib
with or without WBRT (81). Patients in the combination
group demonstrated a superior intracranial DCR, median
time to progression of BM and median OS (71.1%, 10.6
and 23.40 months respectively in the gefitinib-WBRT vs.
42.2%, 6.57 and 14.83 months respectively in the gefitinib-
only group). Nevertheless, these two studies both involve
a Chinese population with known intrinsic sensitivity to
gefitinib; it is unclear whether results can be generalized in
the European population. Of note, no studies assessing the
efficacy of afatinib with WBRT have been performed.

The results of those trials were assessed in two recent
meta-analyses, designed to evaluate the efficacy and safety
of the use of EGFR TKIs with concurrent intracranial
radiotherapy in patients with NSCLC and BM. The first
meta-analysis, which included 8 studies, demonstrated a
superior ORR (HR =1.56, P=0.0008) and time to CNS
progression (HR =0.58, P=0.03) in patients treated with
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WBRT in combination with an EGFR-TKI (TKI-group)
compared with patients treated with WBRT without an
EGFR-TKI (non-TKI group) (82). Furthermore, no
difference in severe adverse events was shown (HR =1.49,
P=0.14). The second meta-analysis that included 15 studies
had similar results; radiotherapy plus an EGFR TKI
resulted in improved RR and DCR (RR =1.48; 95% ClI,
1.12-1.96; P=0.005; and DCR =1.29; 95% CI, 1.02-1.60;
P=0.035; respectively) than radiotherapy without an
EGFR-TKI (83). Moreover, time to CNS progression
and median OS were both prolonged (HR =0.56; 95% CI,
0.33-0.80; P=0.000 and HR =0.58; 95% CI, 0.42-0.74;
P=0.000 respectively), albeit with an increased rate of
any grade adverse events (RR =1.25; 95% CI, 1.01-1.57;
P=0.009), especially rash and dry skin. The results of
these meta-analyses should be interpreted with caution,
due to heterogeneity of the included studies and different
treatment modalities combined.

With regards to ALK-TKIs, there is currently no
evidence in favor or against their concomitant use with
radiotherapy. However, concurrent use should be applied
with caution, as it is possible that concurrent radiotherapy
could exacerbate ocular toxicity of crizotinib (84).

Clinical trials of radiotherapy plus TKIs in patients with
NSCLC and BM are summarized in Tuble 1.

Expert opinion

The paradigm shift occurring in NSCLC is encapsulated by
the management of patients harboring activating mutations.
In patients with EGFR mutant or ALK positive tumors,
front line treatment with EGFR or ALK inhibitors results
in high systemic RRs and a lower risk of CNS progression.
However, isolated or predominant CNS progression
represents a major issue in patients treated with EGFR or
ALK TKIs, regardless of impressive initial response. In an
attempt to increase intracerebral efficacy, concurrent use of
TKIs and radiotherapy is undoubtedly a tempting approach.
Advantages would be the possible synergistic antitumor
effect against BM, as suggested in preclinical studies, as well
as prevention of disease flare, which refers to accelerated
progression of disease and subsequent worsening of
symptoms following TKI discontinuation (85).

At present, several clinical studies and meta-analyses have
shown superior clinical activity in BM with the combination
of WBRT and TKIs. However, there are many limitations
that need to be addressed. First, most of the studies have
been performed in an unselected population. Second, a
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phase III trial has demonstrated unacceptable toxicity
of the combination of WBRT, SRS and erlotinib (76).
Furthermore, in a recent randomized study, WBRT has
been shown to impair cognitive function when added to
SRS (86). Preservation of cognitive function is of major
importance in these patients considering their younger age.
In addition, studies evaluating the efficacy of gefitinib are
mainly preformed in Asian populations, and it is unknown
whether results can be globally generalized.

At this time, concurrent use of TKIs with radiotherapy
is not recommended outside of a clinical trial. Interestingly,
the data in EGFR mutant patients treated with erlotinib
alone (47) prompt the question whether this could be a front-
line approach in patients with asymptomatic BM, reserving
WBRT for symptomatic cases. However, this should probably
not be considered in ALK positive tumors, since patients with
BM have been shown to have significantly better survival when
treated with radiotherapy compared to patients with ALK
WT tumors (87). These patients display prolonged survival
and interventions to control intracranial disease is crucial (88).
Therefore, radiotherapy should be a part of multimodality
treatment somewhere in the course of their disease; it has been
also suggested that the role of PCI could be reconsidered (89).
In clinical practice, burden of extracranial disease and therefore
concerns regarding disease flare might also guide treatment
decisions; physicians might select not to discontinue a TKI
during WBRT in case of extended extracranial disease.

Ongoing clinical trials are currently evaluating the
effectiveness of concomitant use of radiotherapy and TKIs.
Among them, ENTER is a phase III trial evaluating the
addition of erlotinib to WBRT as front line treatment in
patients with multiple BM from NSCLC (NCT01887795).
Similarly, another study is assessing concurrent use of
erlotinib and IMRT (NCT02556593), with the view to

reduce neurotoxicity.

Conclusions

In conclusion, the incidence of BM from all cancers is
increasing. Current research is focusing on improving
management of BM based on genetic background of
malignancies. In NSCLC, agents targeting EGFR and
ALK have shown very promising results in systemic
disease and delay of CNS progression. However, resistance
to these agents commonly manifests as isolated CNS
recurrence. In an attempt to improve management of BM,
combining WBRT with TKIs is a promising approach.
Because all these agents are relatively new, their role
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Table 1 Summary of trials of radiotherapy plus TKIs in patients with NSCLC and BM

EGFR mutation

Author/year Phase No of pts status Treatment groups Control group Outcomes
Lind et al., | 11 NA Cohort 1: erlotinib 100 - Grade 3-5 toxicity in cohort 2; high
2009 mg + WBRT; cohort IDCR
2: erlotinib 150 mg +
WBRT
Welsh et al., 1] 40 EGFR mutant: 9 Erlotinib 150 mg + - ORR 86%; median OS 11.8 months;
2013 of 17 pts tested WBRT median OS 19.1 months in EGFR
mutant
Sperduto I} 126 NA Arm 2: TMZ + WBRT  Arm 1: OS not improved with addition of
etal., 2013 (closed + SRS; arm 3: erlotinib  WBRT + SRS drugs; no difference in CNS-TTP
early) 150 mg + WBRT + between the three arms; 49% grade
SRS 3-5 toxicity in arm 3
Leeetal., 1] 80 EGFR mutant: 1  WBRT + erlotinib WBRT No difference in OS
2014 out of 35 tested
Ma et al., 1] 21 NA WBRT + gefitinib - ORR 86%; median OS 13 months;
2009 no significant grade 3 toxicity
Pesce et al., I 59 NA WBRT + gefitinibvs. - Median OS 6.3 months (gefitinib
2012 WBRT + TMZ arm), 4.9 months (TMZ arm);
no relevant toxicity
Zeng et al., Retrospective 90 NA WBRT + gefitinib Gefitinib Higher ORR and OS with WBRT +
2012 gefitinib
Luo et al., Meta-analysis 980 NA Radiotherapy + TKI Radiotherapy or  Higher RR, CNS-TTP and OS in
2015 (8 trials) (TKI group) radiotherapy + radiotherapy + TKI group;
chemotherapy no difference is serious AEs
(non-TKI group)
Jiang et al., Meta-analysis 1,552 Variable among Radiotherapy + TKI Radiotherapy or  Higher RR, DCR, CNS-TTP and OS
2016 (15 trials) 15 studies radiotherapy + in radiotherapy + TKI group;
chemotherapy increased rate of any grade AEs

AEs, adverse events; CNS-TTP, time to central nervous system progression; DCR, disease control; EGFR, epidermal growth factor
receptor, IDCR, intracranial disease control, NA, not available; ORR, overall response rate; OS, overall survival; RR, response rate; SRS,
stereotactic radio surgery; TKI, tyrosine kinase inhibitor; TMZ, temozolomide; WBRT, whole brain radio therapy.

as part of multimodality treatment is not clarified yet.
Therefore, clinical trials that include patients with BM are
warranted to help clarify the optimal timing of TKIs and
cranial radiotherapy in NSCLC, with the view to reserve

neurocognitive function and improve clinical outcomes.
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