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The presence of an epidermal growth factor receptor (EGFR) mutation is associated with higher incidence of
brain metastases in patients with non-small cell lung cancer (NSCLC); however, patients with synchronous brain
metastases at diagnosis have generally been excluded from clinical trials. As there is limited clinical evidence for
managing this patient population, a multidisciplinary group of Spanish medical and radiation oncologists, and
neuro-oncologist with expertise treating brain metastases in lung cancer patients met with the aim of reaching
and developing an expert opinion consensus on the management of patients with EGFR mutated NSCLC with
brain metastases. This consensus contains 26 recommendations and 20 conclusion statements across 21 ques-
tions in 7 areas, as well as a first-line treatment algorithm.

1. Introduction

Significant advances have been made in the management of non-
small-cell lung cancer (nscLc) in recent years; however, the prognosis for
patients with brain metastasis is still poor. Brain metastases occur in
20-40% of patients with NSCLC, and are associated with short survival,
reduced quality of life, increased healthcare utilization and increased
cost of care (Barnholtz-Sloan et al., 2019; Guerin et al., 2016; Lassman
and DeAngelis, 2003; Mujoomdar et al., 2007; Patchell et al., 1998;
Wong et al., 2008). Approximately 10% of patients with NSCLC have
brain metastases at diagnosis (Schuette, 2004) and a further 25%-40%

will develop brain metastases during the course of their disease
(Dempke et al., 2015). The common approach to the treatment of brain
metastases has historically been whole-brain radiation therapy (WBRT),
alone or in combination with surgery and stereotactic radiosurgery
(SRS) (Morin-Ben Abdallah and Wong, 2018). However, in the popu-
lation of patients with brain metastasis, including patients with NSCLC,
WBRT increases intracranial control, but does not improve overall
survival (OS) (Pechoux et al., 2016), all at the expenses of increased
cognitive decline (Brown et al., 2017, 2016; Mulvenna et al., 2016).
Overall, there is a lack of evidence-based management of this patient
group. The lack of effective treatment options is certainly a major issue.

* Corresponding author at: Thoracic Oncology Unit, Department of Medical Oncology, Catalan Institute of Oncology, AvdaGran Via 199-203, 08907, L'Hospitalet de
Llobregat, Barcelona, Spain.
E-mail addresses: sponceaix@gmail.com (S. Ponce), jbruna@bellvitgehospital.cat (J. Bruna), juan_osc@gva.es (O. Juan), rafalopezcastro@yahoo.es (R. Lépez),
alexnavarro84@gmail.com (A. Navarro), analauraortega@gmail.com (A.L. Ortega), javierpuente.hcsc@gmail.com (J. Puente), everger@clinic.cat (E. Verger),
adelabartolome@gmail.com (A. Bartolomé), esnadal@iconcologia.net (E. Nadal).

https://doi.org/10.1016/j.critrevonc.2019.03.017
Received 19 November 2018; Received in revised form 9 February 2019; Accepted 26 March 2019
1040-8428/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/10408428
https://www.elsevier.com/locate/critrevonc
https://doi.org/10.1016/j.critrevonc.2019.03.017
https://doi.org/10.1016/j.critrevonc.2019.03.017
mailto:sponceaix@gmail.com
mailto:jbruna@bellvitgehospital.cat
mailto:juan_osc@gva.es
mailto:rafalopezcastro@yahoo.es
mailto:alexnavarro84@gmail.com
mailto:analauraortega@gmail.com
mailto:javierpuente.hcsc@gmail.com
mailto:everger@clinic.cat
mailto:adelabartolome@gmail.com
mailto:esnadal@iconcologia.net
https://doi.org/10.1016/j.critrevonc.2019.03.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.critrevonc.2019.03.017&domain=pdf

S. Ponce, et al.

Yet despite the high incidence of brain metastasis in NSCLC, patients
with such metastases are commonly underrepresented in clinical trials
of systemic therapies (Langer and Mehta, 2005; Nguyen and Deangelis,
2004; Eichler and Loeffler, 2007).

On the other hand, there is growing evidence to suggest that epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
might allow patients with brain metastases and EGFR mutations to
forego local treatment to the brain (Morin-Ben Abdallah and Wong,
2018). In this subpopulation of NSCLC patients, brain metastases occur
in approximately 30% of patients during treatment with an EGFR TKI
(Mujoomdar et al., 2007; Heon et al., 2010). NSCLC patients with EGFR
mutations have a high incidence of brain metastases (Ge et al., 2017;
Tomasini et al., 2016; Baek et al., 2018), probably due to the poor
penetration of the blood brain barrier of first- and second-generation
EGFR TKIs that were extensively used to treat patients with EGFR
mutations, along with the long survival of these patients. Recently, the
Young Investigators of the EORTC Lung Cancer Group conducted a
survey on screening and treatment of NSCLC patients with brain me-
tastases with 462 participating physicians from 394 institutions with
high experience in treating NSCLC (Levy et al., 2018). The preferred
treatment for asymptomatic brain metastases with more than 5 lesions
was systemic chemotherapy in patients without an oncogenic driver
and a TKI (85%) in patients with an oncogenic driver. However, the
evidence about the efficacy of systemic treatments for patients with
brain metastases remains scarce (Arvold et al., 2016).

Overall, there is limited evidence-based data about the management
of NSCLC patients with EGFR mutations with brain metastases (Levy
et al.,, 2018). To address this, our key objective was to develop a
document based on a formal consensus process with recommendations
on the diagnosis and treatment of brain metastases in patients with
sensitizing EGFR mutated NSCLC. These recommendations have been
formulated for any healthcare provider involved in the management of
NSCLC patients with brain metastases.

2. Methods

This consensus document was developed out by a panel of 8 experts
(5 medical oncologists [OJ, RL, AN, ALO, JP], 2 radiotherapy oncolo-
gists [AB, EV], and 1 neuro-oncologist [JB]), overseen by a co-
ordinating committee of 2 medical oncologists (EN and SP) (Expert
Panel). Methodological assessment was provided by GOC Networking
(Spain). Further details of the methodology can be found in the
Supplementary Appendix.

This consensus was developed using different methods, including
those presented in the document on “Preparation of Clinical Practice
Guidelines in the National Health System. Methodological manual”
(Grupo de trabajo para la actualizacién del Manual de Elaboracién de
GPC, 2016). Development of the consensus followed these steps: Start-
up, development of the protocol and formulation of clinical questions;
Kick-off meeting: initial meeting, revision of the methodology and
preparation of the thematic index; Non-exhaustive systematic review of
literature; Critical reading and synthesis of available evidence; Pre-
paration of recommendations by the Expert Panel; Online validation
with a Delphi questionnaire of the recommendations and conclusions
proposed by the Expert Panel; Final consensus meeting; and Final re-
port, review and validation by the authors. This publication sum-
marizes the recommendations and conclusions reached by consensus
within the Expert panel. These recommendations are intended to pro-
vide guidance for the treatment of NSCLC patients with EGFR mutations
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and brain metastases; however, they should not be a substitute for the
advice of the treating physician.

Seven areas to explore were defined to be included in the consensus
and were grouped into 4 categories: Pretreatment: “Definitions”,
“Diagnosis”, “Prognostic factors”; On treatment: “Treatment under dif-
ferent clinical scenarios”, “First-line treatment algorithm”, Post-treat-
ment: “Patient follow-up”; and Leptomeningeal carcinomatosis:
“Treatment of leptomeningeal carcinomatosis”. Within these 7 areas, 21
clinical questions were posed (Supplementary Table S1).

The degree of agreement for each recommendation and conclusion
was assessed as follows: (1) Recommendation or conclusion accepted
unanimously: When the entire panel of experts agreed (100%); (2)
Recommendation or conclusion accepted by consensus: When at least
80% of the panel of experts agreed, without reaching unanimity; (3)
Recommendation or conclusion in discrepancy: When less than 80% of
the panel of experts agreed with the recommendation.

A PubMed search was conducted for each question. Additionally,
information on drug interactions was also sought in the database www.
drugs.com. The search strategy focused on patients with EGFR mutated
NSCLC with brain metastases and included multiple terms, as described
in the Appendix. The aim of the search strategy was to generate re-
commendations that were useful and applicable to routine clinical
practice. The treatment options that were included as search terms were
restricted to what was available in the clinical practice at the time of
the analysis. For example, for systemic treatment, the search focused on
the EGFR TKIs that were approved for first-line treatment in Spain
(gefitinib, erlotinib, and afatinib); however, it did not exclude daco-
mitinib (as a search criteria) or osimertinib (included in the biblio-
graphic review according to author criteria). The search was limited to
publications in English or Spanish language for the last 10 years. No
exclusion criteria were established by type of publication. A total of 49
publications were identified (Supplementary Figure S1). The following
clinical practice guidelines were included in the 49 publications ana-
lyzed: National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines Oncology Non-small cell lung cancer. Version
2.2017 - October 26, 2016 (this version was used during the publica-
tion synthesis phase; however, during the recommendation develop-
ment phase the updated version of Version 2.2018 (National
Comprehensive Cancer Network, 2017) was included), 2016 European
Society of Medical Oncology (ESMO) Clinical Practice Guidelines for
diagnosis, treatment and follow-up of metastatic NSCLC (Novello et al.,
2016) (this version was originally used, but all recommendations and
the manuscript were updated with the 2018 version (Planchard et al.,
2018)), and the 2017 guidelines from the European Association of
Neuro-Oncology (EANO) for the diagnosis and treatment of brain me-
tastases from solid tumors (Soffietti et al., 2017). During the drafting of
this article, additional publications were identified and have been in-
corporated as part of the literature review; however, the consensus
recommendations remained as validated by the Expert Panel. This
project was sponsored by Boehringer Ingelheim, Spain, but the com-
pany was not involved in any decision regarding the manuscript or in
the approval of the last version of the manuscript.

3. Results
3.1. Consensus recommendations

Consensus-reached recommendations are listed in Box 1.
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Box 1
Consensus recommendations
Recommendation LOE/ % agree
GOR N)*

Pretreatment consensus

1 Given that patients with EGFR-mutated tumors may be more likely to develop brain metastases, it is advisable to perform an MRI in asymptomatic 5/D 87.5(9)
patients at the time of diagnosis [EP].

2 Lung-Mol DS-GPA index is a useful tool to assess the prognosis of patients with lung cancer and brain metastases (Sperduto et al., 2008, 2010) 1/A 87.5 (9)
On treatment consensus

3 In clinical trials with patients in advanced stages, the recommended endpoint could be OS or PFS, and patients should be stratified according to the 5/D 100 (9)
presence of brain metastases (Lin et al., 2015; Pazdur, 2008)

4 It is advisable to avoid the use of local techniques with high toxicity (such as WBRT) in a patient that is EGFR-TKI naive and asymptomatic [EP]. 5/D 100 (8)

5 EGFR TKI is a reasonable option for those patients with asymptomatic brain metastases who will not receive local ablative therapies (surgery, 3/C 100 (8)
radiosurgery, etc) (NCCN, 2016; Novello et al., 2016; Planchard et al., 2018; Khalifa et al., 2016; Zhang et al., 2016; Tan et al., 2016).

6 In patients with treatment naive, EGFR-mutated NSCLC, with multiple asymptomatic brain metastases, it is advisable to start treatment with an 3/C 100 (8)
EGFR TKI and postpone RT (NCCN, 2016; Novello et al., 2016; Planchard et al., 2018; Khalifa et al., 2016; Zhang et al., 2016; Tan et al., 2016).

7 For patients with asymptomatic brain metastases, it is advisable to begin systemic treatment with the best BBB-penetrating EGFR TKI available and 3/C 100 (9)
delay the start of WBRT in order to minimize potential undesirable neurological adverse effects (Chen et al., 2016).

8 It is advisable to consider local treatments in case of symptoms associated with brain metastases (National Comprehensive Cancer Network, 2017). 3/B 88.9 (9)

9 In patients with symptomatic metastases that remain asymptomatic after treatment with corticosteroids, local treatment may be delayed [EP]. 5/D 100 (9)

10 Surgery is indicated in patients with lung carcinoma with a brain metastasis > 3 cm and/or with a significant mass effect (displacement of the 3/C 100 (9)
median line greater than 1 cm) (Chi and Komaki, 2010; NCCN, 2016).

11 Surgery is indicated in patients with EGFR-positive lung carcinoma with a single brain metastasis and with good general condition, and controlled 3/C 100 (8)
extracerebral disease (Pollock et al., 2003).

12 Radiosurgery is the treatment of choice in patients with lung carcinoma with 1-3 brain metastases without a significant mass effect that do not 2/B 100 (9)
cause obstructive hydrocephalus (Schoggl et al., 2000; O’Neill et al., 2003; Sahgal et al., 2015).

13 In patients with more than 3 brain metastases, in which none exceed 3 cm or a volume > 10ml and the cumulative volume of all metastases is 3/C 100 (9)
< 15ml, radiosurgery can be considered (Novello et al., 2016; Planchard et al., 2018; NCCN, 2016; Bhatnagar et al., 2006; Yamamoto et al.,
2014).

14 In patients with EGFR mutations, radiosurgery should be considered when the only place of progression is the brain and there are 1-3 brain 3/C 100 (8)
metastases (Na et al., 2017).

15 For patients with symptomatic brain metastases and steroid-controlled symptoms, the first recommended treatment is an EGFR TKI together with 3/B 88.9 (9)
the appropriate supportive treatment (Jiang et al., 2016a).

16 For patients with uncontrolled symptomatic brain metastases, depending on the number of metastases and the patient’s PS, it is recommended to 3/B 100 (9)
consider surgery, radiosurgery or WBRT (National Comprehensive Cancer Network, 2017).

17 In case of intracranial disease progression that is sensitive to RT, an interruption of the EGFR TKI should be considered for a time that is equivalent 3/C 100 (9)
to at least 4 or 5 half-lives of the drug before starting the RT. The EGFR TKI should be restarted from the second or third day after finishing RT
(Hendriks et al., 2015).

18 There is not enough evidence to support the concurrent use of RT with EGFR TKI. However, in those patients with significant extracranial tumor 2/C 100 (9)
burden, concurrence could be considered, but should be aware of a potential increase in toxicity (Tan et al., 2016; Proto et al., 2016).

19 When using an enzyme-inducing anticonvulsant, close monitoring of plasma pharmacological levels is recommended and the use of afatinib should NA T
be evaluated, instead of erlotinib or gefitinib given its absence of metabolism at the cytochrome P450 level (Grenader et al., 2007; Thomas-
Schoemann et al., 2014).

20 If continuous treatment with corticosteroid is required, concurrent with erlotinib or gefitinib, prednisone or methylprednisone should be NA T
considered as alternatives to dexamethasone (https://www.drugs.com/drug_interactions.html).
Post-treatment consensus

21 In patients with good ECOG PS, especially in those who received only EGFR TKI and/or SRS, cranial imaging tests (ideally brain MRI) should be 3/C 100 (8)
performed during follow-up (NCCN, 2017).

22 The advisable frequency of performing the cranial imaging tests would be every 3 months for 24-30 months, and subsequently every six months 5/D 87.5(8)
(NCCN, 2017; Magnuson et al., 2017).
Treatment of patients with leptomeningeal carcinomatosis

23 Depending on the treatments that have been previously received, intrathecal treatment and systemic pharmacotherapy could be considered for 4/C 100 (9)
patients with leptomeningeal carcinomatosis with acceptable prognostic factors (Bruna et al., 2009).

24 Patients with leptomeningeal carcinomatosis diagnosed by neuroimaging without neoplastic cells in the CSF, can be considered for systemic 5/D 100 (8)
therapy (EGFR TKI or chemotherapy) (Subira et al., 2015, 2012). *

25 Intrathecal chemotherapy plus systemic EGFR TKI can be considered in leptomeningeal carcinomatosis progression with systemic control of the 4/C 100 (9)
disease (Glantz et al., 1999; Cole et al., 2017).

26 In patients with parenchymal brain metastases and leptomeningeal carcinomatosis, the first treatment choice should be based on the identification 5/C 87.5 (8)
of the lesion causing the neurological symptoms, prioritizing RT and delaying intrathecal treatment for at least 2-3 weeks, to avoid neurological
toxicity in the case of symptomatic brain metastases (Bruna et al., 2012).

3.2. First-line treatment algorithm

The algorithm of the first-line of treatment validated by the Expert
Panel is detailed in Fig. 1.

1 Asymptomatic: does not exhibit neurological symptoms or altera-
tions during neurological exploration (C1). Oligosymptomatic:
presents alterations during neurological exploration that might be
referred to in the medical history, but these do not impede a correct

192

function considering basal state, or that disappear with medical
treatment (steroids, analgesics, anticonvulsants) (C2).

2 C16: Concomitant WBRT plus EGFR TKI is the treatment of choice
for patients with EGFR-mutated NSCLC and multiple BMs (> 3) and
symptoms derived from BMs.

3 R15: For patients with symptomatic BMs and symptom control with
steroids, the first recommended treatment is an EGFR TKI with best
supportive care. LOE/GOR:3/B.

4 R18: There is not enough evidence to support the use of concurrent
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| EGFR TKI + best supportive care3 I

Fig. 1. First-line of treatment algorithm.

RT with EGFR TKI. However, in those patients with significant ex-
tracranial tumor burden, concurrent treatment could be considered;
but, should be aware of a potential increase in toxicity. LOE/GOR:2/
C.

*That have become asymptomatic after steroid treatment.

BM, brain metastases; EGFR, epidermal growth factor receptor; EGFR M
+, mutated EGFR gene; EGFR TKI, EGFR tyrosine kinase inhibitor; GOR,
grades of recommendation; LOE, level of evidence; NSCLC, non-small cell
lung cancer; RT, radiotherapy; WBRT, whole brain radiotherapy.

4. pretreatment considerations for the management of patients
with EGFR mutated NSCLC with brain metastases

4.1. Definition of asymptomatic/oligosymptomatic

The following definitions of asymptomatic or oligosymptomatic
patients were formulated and validated by the Expert Panel.

LOE/ % agree
GOR )
DEFINITION OF ASYMPTOMATIC / OLIGOSYMPTOMATIC
What criteria define the asymptomatic and the oligosympto-
matic patient?
C1. A patient who is asymptomatic is considered to have im- NA 100 (9)
aging tests compatible with brain metastases but does not
exhibit any symptoms or alteration in the neurological e-
xamination [EP].
C2. A patient who is oligosymptomatic is considered to have NA 100 (9)

alterations in the neurological examination, even they are

noted or not in the medical history, that do not prevent

appropriate functioning according to the patients’ basal

state, or that disappear with medical treatment (corticos-

teroids, analgesics, anticonvulsants) [EP].

Expert Panel; GOR, grades of recommendation; LOE, level of evidence, NA, not
applicable.

EP,
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4.2. Diagnosis by imaging and pattern of metastases

The extension of brain metastases can be assessed during the
diagnosis of NSCLC with computerized axial tomography (CT), or by
magnetic resonance imaging (MRI). Although the superiority of
brain staging using MRI with gadolinium contrast over CT with io-
dinated contrast was not formally proven to improve OS in this
clinical setting, brain MRI is the preferred method for its greater
sensitivity (NCCN, 2016; Novello et al., 2016; Planchard et al.,
2018). Consequently, the NCCN and the ESMO guidelines re-
commend MRI. If this is not possible, CT is recommended (Kuhn
et al.,, 1994). Positron emission tomography (PET) is not re-
commended for the diagnosis of brain metastases (NCCN, 2016).
Moreover, a prospective study and a meta-analysis both supported
the use of MRI. A prospective study of 83 patients comparing the
sensitivity of PET and MRI to detect a total of 39 brain lesions in 15
patients found that MRI detected 100% of the metastases, while PET
only detected 38.5% of them with a sensitivity that was dependent
upon the size of the metastases (Deuschl et al., 2017). A meta-ana-
lysis of 56 studies with a total of 8699 patients comparing 18F-
fluorodeoxyglucose (FDG) PET/CT and CT showed higher sensitivity
and specificity of PET/CT for the detection of all metastases except
brain metastases (Wu et al., 2013).

The cumulative risk of developing brain metastases in patients
with NSCLC is approximately 25%, with some studies indicating that
the frequency may be higher in EGFR mutated tumors (Tan et al.,
2016; Shin et al., 2014). In a retrospective study the cumulative risk
of brain metastases over time in patients with EGFR mutated NSCLC
was 34.2% at 1 year, 38.4% at 2 years, and 46.7% at 3 years. By 5
years more than half (52.9%) of the still living patients had brain
metastases (Rangachari et al., 2015). Patients with EGFR-mutated
brain metastases may have higher frequencies of multiple metas-
tases than patients who do not harbor an EGFR mutation (Takamori
et al., 2018). In addition, brain metastases harboring EGFR muta-
tions were more frequently observed distant to cortico-subcortical
areas compared to those without mutations in EGFR. Furthermore,



S. Ponce, et al.

Table 1
Prognostic scales for patients with brain metastases.
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Developed from

Classification Considers

RPA (Gaspar et al., 1997) 3 RTOG randomized studies 1200 patients with
BMs

1 RTOG randomized study

211 patients with BM and lung cancer

Retrospective data on 5067 patients with BMs

GPA (Sperduto et al., 2014).
DS-GPA (Sperduto et al., 2008, 2010).

Lung-Mol GPA (Sperduto et al.,
2017).

1521 patients with lung adenocarcinoma and
BMs

3 functional groups:
Class I, 11, 111

Age, extracranial metastases, controlled primary tumor, KPS

3 scores: Age, KPS, number of BMs, extracranial metastases
0,0.50r 1.0
Scores: Disease-specific prognostic factors: KPS, age, extracranial

0-4 metastases, number of BMs
Scores Oncogenic drivers
0-4

BMs, brain metastases; DS-GPA, disease specific graded prognostic assessment; GPA, graded prognostic assessment; KPS, Karnofsky performance status; RPA, re-

cursive partitioning analysis; RTOG, Radiation Therapy Oncology Group.

survival in patients with asymptomatic brain metastases is higher
than in symptomatic patients, independent of the treatment that was
administered (Sanchez de Cos et al., 2009). This highlights the re-
levance of an early diagnostic that can be provided by baseline MRI
screening and proper frequency of neuroimaging assessment during
the treatment follow-up.

Based on this evidence, the following conclusions and re-
commendation regarding the imaging technique for detecting brain
metastases were formulated and validated.

LOE/
GOR

% agree

*

DIAGNOSIS BY IMAGING AND PATTERN OF METASTASES

What is the preferred imaging technique to diagnose brain
metastases?

C3. Based on published data in the scientific literature and in NA
clinical guidelines, the preferred technique for the diag-
nosis of brain metastases is MRI, preferably with gadoli-
nium (Novello et al., 2016; Planchard et al., 2018; NCCN,
2016)

C4. When an MRI test is not available or there is a technical NA
impossibility to perform it, a contrast CT would be the
alternative technique, although suboptimal (Kuhn et al.,
1994)

C5. PET/CT have low sensitivity to diagnose brain metastases NA
(Wu et al., 2013).

Should imaging tests be performed on asymptomatic patients
to identify brain metastases?

C6. The data found in the literature are based on retrospective NA
series and are not specific to patients with EGFR mutation;
however, the frequency of silent brain metastases in pat-
ients with lung cancer is considerable (Sanchez de Cos
et al., 2009; Jena et al., 2008; Na et al., 2008)

R1. Given that patients with EGFR-mutated tumors may
be more likely to develop brain metastases, it is adv-
isable to perform an MRI in asymptomatic patients at
the time of diagnosis [EP].

CT, computerized axial tomography; EGFR, epidermal growth factor receptor; GOR,
grades of recommendation; LOE, level of evidence; EP, Expert Panel; MRI, magn-
etic resonance imaging; NA, not applicable; PET, positron emission tomography.
*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

The recommendations are in bold and the conclusions not bolded.

100 (8)

100 (9)

100 (9)

100 (8)

5/D 87.5 (9)

4.3. Prognostic factors

There are several assessments (Table 1) for estimating a patient's
prognosis: recursive partitioning analysis (RPA) (Gaspar et al., 1997),
the most currently used for brain metastases and validated in Phase III
clinical studies, graded prognostic assessment (GPA) (Sperduto et al.,
2014), the disease-specific graded prognostic assessment (DS-GPA)
(Sperduto et al., 2008, 2010), the graded prognostic assessment for lung
cancer using molecular markers (Lung-Mol GPA) (Sperduto et al.,
2017), and the Barnholtz-Sloan nomogram (Barnholtz-Sloan et al.,
2012). In patients with NSCLC harboring actionable genomic altera-
tions and brain metastases, the Lung-Mol GPA index can help clinical
decisions and patients’ stratification in future clinical trials. These
scales have some limitations and cannot precisely establish which is the
best treatment option for each individual patient.

Regarding the prognostic role of specific EGFR mutations, the evi-
dence is inconclusive, mostly due to the retrospective nature of the
studies, the unknown power of the studies, and the lack of randomi-
zation between study groups. EGFR mutations generally occur between
exons 18-21. Deletions in exon 19 (LREA) and mutations in exon 21
(L858R) account for about 90% of EGFR mutations (Porta et al., 2011;
Sekine et al., 2014).

In a retrospective study of 817 patients with NSCLC and brain me-
tastases undergoing radiosurgery with gamma knife surgery (GKS),
mutations in EGFR (exon 18-21) was a positive prognostic factor as-
sociated with improved OS (Lee et al., 2017). Even though EGFR TKIs
were more frequently prescribed to patients with EGFR mutations,
multivariable analysis showed that the presence of EGFR mutations was
a strong independent prognostic factor. In a study examining the sig-
nificance of EGFR mutations on the incidence of brain metastases in
patients with stage I to III lung cancer, there was a higher cumulative
incidence of brain metastases in patients with EGFR mutations than in
patients with wild-type EGFR (Chang et al., 2018). In patients with
EGFR mutations there is a preferential pattern of primary disease pro-
gressing through lung metastases to the brain, as compared with EGFR
wild type (Gino et al., 2017).

Another study showed no statistical improvement in survival;
however, patients with EGFR exon 19 deletion tended to have a longer
survival. Along the same direction other studies have shown that pa-
tients with EGFR deletions in exon 19, but not patients with mutations
in exon 21 treated with EGFR TKI plus WBRT or SRS had higher PFS
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and OS than patients treated only with EGFR TKI (Zhu et al., 2017).
Differences in outcome between the two EGFR mutation subtypes in
patients with brain metastases and treated with EGFR-TKI monotherapy
have also been observed in terms of overall response rate (ORR) (Sekine
et al., 2014; Tuchi et al., 2013; Lee et al., 2013) and in terms of PFS and
OS (Iuchi et al., 2013). Several retrospective analyses have confirmed
the efficacy of EGFR TKI for brain metastases, particularly in patients
with EGFR mutated NSCLC (Porta et al., 2011; Hotta et al., 2004; Kim
et al., 2009).

The following conclusions and recommendation regarding clinical
and radiological variables impacting patients' prognosis, including the
type of EGFR mutation, were formulated and validated.

LOE/
GOR

% agree
(N)*

PROGNOSTIC FACTORS

What clinical and radiological variables have an impact on the
patient's prognosis?” What is the value of the prognostic
scales?”

. In NSCLGC, significant prognostic factors are KPS, age, pr-
esence of extracranial metastases and the number of brain
metastases, confirming the original GPA for this diagnosis
(Sperduto et al., 2008, 2010)

C8. The molecular aspects included in the previous scale add a

new tool to manage patients with lung cancer and brain

metastases and define the Lung-Mol DS-GPA index (Spe-

rduto et al., 2017).

Lung-Mol DS-GPA index is a useful tool to assess the

prognosis of patients with lung cancer and brain m-

etastases (Sperduto et al., 2008, 2010).

Do patients with brain metastases have a different prognosis

depending on the type of mutation?

The influence exon 19 deletions (LREA) or exon 21 mut-

ations (L858R) on the outcome of patients with EGFR m-

utated NSCLC with brain metastases, regardless of thera-

Py, has not yet been established (Tsao et al., 2005)

C10. EGFR mutations predict benefit of treatment with EGFR
TKI. The predicted response of treatment sensitive EGFR
mutations (exon 19 [LREA deletion] and exon 21 [L858-
R]) is well defined. Patients with these mutations have a
significantly better response to EGFR TKI (Langer, 2013).

DS-GPA, Diagnosis-Specific Graded Prognostic Assessment; EGFR, epidermal growth
factor receptor; EP, Expert Panel; GPA, graded prognostic assessment; GOR, grades
of recommendation; LOE, level of evidence; NA, not applicable; NSCLC, non-small
cell lung cancer; TKI, tyrosine kinase inhibitor.

*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

T These two questions are closely related, and it was agreed to unify and evaluate
them as one.

The recommendations are in bold and the conclusions not bolded.

NA 100 (8)

NA 100 (9)

R2. 1/A 87.5 (9)

C9. NA 89 (9)

NA 100 (9)

5. On treatment considerations for the management of patients
with EGFR mutated NSCLC with brain metastases

5.1. Recommended endpoint for clinical studies

Most clinical trials evaluating systemic treatments have not in-
cluded patients with brain metastases; however, time to treatment
failure and high-grade toxicities might be similar to those observed in
patients without brain metastases (Tsimberidou et al., 2011). The re-
sponse to systemic treatment may differ between intra-CNS and extra-
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CNS diseases due to the limited capacity of most drugs to cross the
blood-brain barrier (BBB) (Suh et al., 2006). On the whole, there are no
data to indicate that the inclusion of patients with brain metastases
should lead to a modification of the recommended primary endpoints in
clinical studies; however, additional endpoints could be included to
specifically asses the efficacy of a specific treatment in brain metastases.

The RANO working group has proposed a series of criteria to ob-
jectively measure intracranial disease and evaluate the response in
patients with brain metastases (Lin et al., 2015). Although not yet va-
lidated, these criteria, include the size of the lesions, clinical status and
the use of corticosteroids, providing information on the antitumor effect
and the clinical benefit of the treatment (Table S2).

The RANO Expert Panel recommends Phase II and III trials protocols
to specify and allow local treatment with surgery, WBRT or SRS to
rescue patients with isolated intracranial progression, allowing patients
to remain on trial if they are presenting clinical benefit or stabilization
of extracranial disease.

Based on this evidence, it was recommended, that in clinical trials
with patients in advanced stages, the recommended primary endpoint
could be OS or PFS, and patients should be stratified according to the
presence of brain metastases (Lin et al., 2015; Pazdur, 2008; European
Medicine Agency, 2012 (Recommendation 3).

5.2. Asymptomatic/oligosymptomatic brain metastases

There are conflicting data on the timing of radiation for patients
with asymptomatic or oligosymptomatic brain metastases. Disease
control can be achieved with RT in patients with EGFR-mutated tumors
and newer techniques such as WBRT with hippocampal avoidance
could reduce the neurotoxicity of these treatments (Khalifa et al., 2016;
Tan et al.,, 2016). However, these novel techniques have not been
specifically evaluated in patients with EGFR-mutated NSCLC.

Although the low molecular weight and nonpolar nature of EGFR
TKIs favor passive diffusion across the BBB, most EGFR TKIs are sub-
strates for P-glycoprotein or other efflux transporter proteins
(Chamberlain et al., 2017). The cerebrospinal fluid (CSF) concentra-
tions achieved by erlotinib, gefitinib and afatinib are above those re-
quired to inhibit cell proliferation in vitro in cell models with EGFR
mutations.

WBRT might have a detrimental impact on cognitive function and
quality of life. EGFR TKI have high antitumor activity at the CNS level
(Soon et al., 2015; Schuler et al., 2016); although it is rare to obtain a
complete radiologic response in the brain. Treatment with EGFR TKI
followed by RT at the time of clinical or radiological intracranial pro-
gression resulted in a similar in OS among patients receiving RT or not
receiving RT (23.6 vs. 18.7 months; p = 0.317) (Zhang et al., 2016). In
a retrospective study of patients with EGFR mutated NSCLC there was a
lack of survival benefit when RT was administered at the start of
treatment with EGFR TKI and there was no benefit compared with
EGFR TKI alone in terms of intracranial progression (Liu et al., 2015).
On the other hand, the delay to administering RT in combination with
an EGFR TKI was associated with worse survival in patients with EGFR
mutation in another retrospective study (Magnuson et al., 2017).
Randomized trials comparing WBRT followed by EGFR TKI with con-
current administration of WBRT and EGFR TKI have not been com-
pleted, with one study closed prematurely due to low recruitment
(NCT01518621). The Phase III trials of afatinib (LUX-Lung 3, LUX-Lung
6), and osimertinib (FLAURA) are large sets of prospective data from
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Table 2
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Rates of tumor response in patients with or without BM, and common EGFR mutations in LUX-Lung 3 and 6 (Schuler et al., 2016) and in FLAURA (Soria et al., 2018)

Phase III studies.

With brain metastases

Without brain metastases

LUX-Lung 3 Afatinib Cisplatin-pemetrexed
n=20 n=15

ORR, n (%) 14 (70.0) 3(20.0)

DCR, n (%) 19 (95.0) 12 (80.0)

LUX-Lung 6 Afatinib Cisplatin-gemcitabine
n =28 n=18

ORR, n (%) 21 (75.0) 5(27.8)

DCR, n (%) 25 (89.3) 13 (72.2)

FLAURA* Osimertinib EGFR TKI
n =53 n =63

ORR, n (%) 40 (75.5) 54 (85.7)

DCR, n (%) 53 (100) 62 (98.4)

p-value Afatinib Cisplatin-pemetrexed p-value

n = 166 n =82
0.0058 100 (60.2) 19 (23.2) < 0.0001
0.1986 157 (94.6) 65 (79.3) 0.0005
p-value Afatinib Cisplatin-gemcitabine p-value

n =185 n = 86
0.0027 124 (67.0) 19 (22.1) < 0.0001
0.1486 171 (92.4) 66 (76.7) 0.0005
p-value Osimertinib EGFR TKI p-value

n =226 n =214
0.16 183 (81.0) 156 (72.9) 0.04
NR 217 (96.0) 194 (90.7) NR

BM, brain metastases; DCR: disease control rate; EGFR: epidermal growth factor receptor; CI: confidence interval; LUX-Lung 3: Phase III study of Afatinib or Cisplatin
and Pemetrexed in patients with metastatic lung adenocarcinoma with mutated EGFR; LUX-Lung 6: a randomized, open-label Phase III study of BIBW 2992 compared
to QT as the first line of treatment for patients with stage IIIB or IV lung adenocarcinoma with active EGFR mutation; NR, not reported; ORR: overall response rate.

*Unconfirmed objective response rate (with response assessed by the investigator).

patients with EGFR mutated NSCLC and brain metastases treated with
EGFR TKIs (Schuler et al., 2016; Soria et al., 2018). These trials allowed
the participation of patients with stable and clinically asymptomatic
brain metastases. Baseline brain imaging was mandatory only in pa-
tients with known or suspected CNS metastases, and follow-up imaging
was performed only in patients with confirmed CNS metastases. In both
LUX-Lung trials, ORR was significantly higher in patients with EGFR
mutated NSCLC and brain metastases treated with afatinib than with
chemotherapy (Table 2). In both afatinib trials, ORR with afatinib was
82.1% in patients with deletion in exon 19 and 60.0% in carriers of
mutation in exon 21 (L858R) (Schuler et al., 2016). Approximately 20%
of patients in the FLAURA trial had neurologically stable brain metas-
tases at baseline. Overall, the outcomes of patients with brain metas-
tases were lower than patients without brain metastases. However,
patients with brain metastases treated with osimertinib had a longer
median PFS (15.2 vs 9.6 months, HR 0.47 [95% CI, 0.30-0.74]) and a
longer CNS PFS in patients with measurable and nonmeasurable CNS
lesions (not reached vs 13.9 months, HR 0.48 [95% CI 0.26-0.86]). In
patients with at least one measurable brain metastasis, CNS response
rate was 91% vs 68% for osimertinib vs standard treatment, respec-
tively (Reungwetwattana et al., 2018). In patients with measurable and
nonmeasurable CNS lesions, CNS response rate was 66% and 43% re-
spectively. In addition, osimertinib had a more favorable tolerability
profile than first-generation EGFR TKIs (gefitinib or erlotinib). Patients
treated with osimertinib experienced fewer events of central nervous
system (CNS) progression (6%) than those treated with first-generation
EGFR TKI (15%), but only patients with brain metastases were required
to have radiological follow-up throughout the study. Afatinib appears
to reduce the risk of CNS metastases based on a recent competing risk
analysis of the LUX-Lung 3, 6, and 7 studies (Yang et al., 2018a). In this
analysis, the risk of CNS progression vs non-CNS progression or death
was calculated based on the cumulative frequency of the event of in-
terest versus the competing risk event. The risk of new CNS progression
was very low (6.4%) compared with non-CNS progression (78.4%) in
patients without baseline brain metastases who received afatinib
(N = 485; median follow-up 13.0 months). The cumulative incidence of
CNS progression was 5.3% at 24 months.

Given the high rate of responses with EGFR TKIs, EANO guidelines
recommend it as a treatment option for EGFR-mutated NSCLC patients
with asymptomatic brain metastases (Soffietti et al., 2017). An alter-
native is the use of cranial RT (stereotactic or holocranial) in combi-
nation with an EGFR TKI, with the aim of achieving better survival
outcomes. With the use of EGFR TKI alone, it is possible to delay the
need for WBRT, thus delaying its adverse events (Schuler et al., 2016).
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Based on this evidence, the following conclusions and re-
commendations regarding local treatment of asymptomatic patients
were formulated and validated.

LOE/
GOR

% agree
(N)*

TREATMENT IN DIFFERENT CLINICAL SCENARIOS

Should brain metastases be treated locally in asymptomatic
patients?

C11. Not enough evidence has been found to answer this q-

uestion. The use of therapies associated with less neuro-

logical toxicity seems the most reasonable option in pat-
ients with asymptomatic and oligosymptomatic brain
metastases [EP].

It is advisable to avoid the use of local techniques

with high toxicity (such as WBRT) in a patient that is

EGFR-TKI naive and asymptomatic [EP].

EGFR TKI is a reasonable option for those patients

with asymptomatic brain metastases who will not r-

eceive local ablative therapies (surgery, radiosurgery)

(NCCN, 2016; Novello et al., 2016; Khalifa et al., 2016;

Zhang et al., 2016; Tan et al., 2016).

In patients with treatment naive, EGFR-mutated NS-

CLC, with multiple asymptomatic brain metastases, it

is advisable to start treatment with an EGFR TKI and

postpone RT (NCCN, 2016; Novello et al., 2016; Khalifa

et al., 2016; Zhang et al., 2016; Tan et al., 2016).

What is the first treatment that should be used in the patient
with asymptomatic brain metastases?

C12. There is not enough evidence to establish which should
be the first treatment for patients with EGFR-mutated N-
SCLC with asymptomatic brain metastases [EP].

C13. There was not enough evidence to answer this question.

However, given the potential neurocognitive impairment

of WBRT, the use of less aggressive therapies seems the

most reasonable option in patients with asymptomatic b-

rain metastases [EP].

For patients with asymptomatic brain metastases, it is

advisable to begin systemic treatment with the best

BBB-penetrating EGFR TKI available and delay the s-

tart of WBRT in order to minimize potential undesir-

able neurological adverse effects.

BBB, blood-brain barrier; EGFR, epidermal growth factor receptor; EP, Expert Panel;
GOR, grades of recommendation; LOE, level of evidence; MRI, magnetic resonance
imaging; NA, not applicable; RT, radiotherapy; TKI, tyrosine kinase inhibitor; W-
RBT, whole brain radiation therapy.

*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

The conclusions are not in bold and the recommendations are in bold.

87.5(9)

R4. 5/D 100 (8)

R5. 3/C 100 (8)

R6. 3/C 100 (8)

NA 87.5(8)

NA 100 (8)

R7. 3/C 100 (9)
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5.3. Symptomatic brain metastases

0734

5.3.1. Surgery

Currently, there are no randomized trials aimed at evaluating sur-
gery, or radiosurgery for brain metastases exclusively in patients with
NSCLC, regardless of mutations in EGFR. Surgery would be indicated in
the case of single symptomatic metastasis and in patients with multiple
metastases on the dominant and symptomatic lesion (NCCN, 2016; Chi
and Komaki, 2010). In patients with a single brain metastasis, limited
extracranial disease and good general condition, surgery with WBRT is
superior to WBRT alone (Patchell et al., 1998; Vecht et al., 1993; Mintz
et al., 1996). In selected patients with multiple brain metastases (2 to
3), with good general condition and controlled systemic disease, com-
plete surgical resection has results similar to those obtained in patients
with a single brain metastasis (median OS of 19 months) (Pollock et al.,
2003). Four retrospective studies compared surgery and radiosurgery,
suggesting that surgery offers better results in the control of symptoms
in patients with lesions > 3 cm or that cause a significant mass effect
(displacement > 1 cm from the median line) (Schoggl et al., 2000;
O’Neill et al., 2003; Bindal et al., 1996; Garell et al., 1999). The addi-
tion of WBRT to surgery or to SRS is associated with a decrease in in-
tracranial relapse, with no impact on OS, although with an increase in
neurological toxicity (Patchell et al., 1998; Aoyama et al., 2006; Chang
et al., 2009; Tsao et al., 2012; Churilla et al., 2017). Conversely, SRS to
the surgical cavity presents a better safety profile with less cognitive
decline and similar OS with regard the addition of WBRT. However, the
intracranial relapse still is higher than with WBRT.

46 (95% CI 37-57); p < 0.001
HR 0.93 (95% CI 0.60-1.44); p

23.9p = 0.67
30 (95% CI 27-38)
25 (95% CI 20-22)
20.5 (17.0-24.1)
18.0 (15.1-20.9)

OS (months)
22.6

21.6

0.025

12.0 p = 0.0064
0.014

16.2

HR 0.56 (95% CI 0.36-0.90), favoring EGFR TKI;

Time to intracranial progression (months)

24 (95% CI 21-30)

23 (95% CI 18-28); p
17 (95% CI 14-30)

4.8 (95% CI 2.4-7.2)
10.0 (95% CI 5.6-14.4)

NR
p

5.3.2. Radiosurgery

Most studies set a limited size of the lesions at 3-4 cm for radio-
surgery, due to side effects secondary to the RT in larger lesions (Sneed
et al., 2015). In contrast with the studies mentioned in the previous
section, two retrospective studies of patients with single brain metas-
tasis, radiosurgery was equal to or superior to surgery in terms of OS
and local control (Schoggl et al., 2000; O’Neill et al., 2003). A pro-
spective study with 1194 patients with multiple brain metastases (1,
2-4 or 5-10) with an accumulated volume of all metastases < 15 ml,
treated with radiosurgery, showed similar OS (10.8 months) and toxi-
city in the 2-4 and 5-10 metastases groups (HR 0.97 [95% CI
0.81-1.18]; p = 0.78) (Yamamoto et al., 2014). In a retrospective
study, patients with 1-3 brain metastases, radiosurgery plus WBRT was
superior to surgery with WBRT in terms of OS (56% vs 47%;
p = 0.034), intracranial control (66% vs 50%; p = 0.003) and local
control at one year (82% vs 66%; p = 0.006) (Rades et al., 2009). In
patients with more than 3 metastases, WBRT has classically been the
standard treatment, although radiosurgery may be considered in some
patients (NCCN, 2016; Novello et al., 2016). As previously commented,
in patients with a limited number of metastases, adding WBRT to
radiosurgery results in an increased risk of cognitive impairment
without benefit in OS (Chang et al., 2009; Aoyama et al., 2007; Trifiletti
et al,, 2016) In patients with EGFR mutations, radiosurgery can be
considered when the brain is the only place of progression and the
number of brain metastases is < 3, whereas WBRT can be considered in
more extensive brain disease (Na et al., 2017; Doherty et al., 2017).
Moreover, in a retrospective study in patients with EGFR mutated
NSCLC, early radiosurgery achieved better OS (46 months) than WBRT
(30 months) or EGFR TKI without local treatment (25 months)
(Magnuson et al., 2017). However, the retrospective nature of this
study might have contributed to some potential biases, since patients
were not randomly assigned to SRS, WBRT or EGFR TKI. In addition,
the authors did not compare the toxicity and cognitive impairment
associated with those therapeutic approaches.

EGFR TKI followed by WBRT or SRS

SRS followed by EGFR TKI (n = 120)
(n=131)

WBRT followed by EGFR TKI (n = 120)
EGFR TKI (icotinib) (n = 85)

EGFR TKI (n = 27)

Treatment
WBRT (n = 120)
SRS (n = 37)
WBRT (n = 91)

184 (163 EGFR+ and 21 ALK+)

Retrospective
176

Patients with NSCLC and =3 BMs (EGFR + ) without prior EGFR TKI

or RT

Patients with NSCLC and BMs (EGFR +) without prior EGFR TKI
N

treatment

Patients with NSCLC and BMs (EGFR + /ALK +)
N =351

Study design
Retrospective
Phase III study

N

5.3.3. WBRT
Longer time to intracranial progression was observed with WBRT
compared with initial treatment with radiosurgery and EGFR TKI in two

(Doherty et al., 2017)
(Magnuson et al., 2017)
(Yang et al., 2017)

Ref

ALK, anaplastic lymphoma kinase; BM, brain metastases; CI, confidence interval; EGFR, epidermal growth factor receptor; NR, not reached; NSCLC, non-small cell lung cancer; OS, overall survival; SRS, stereotactic

radiosurgery; TKI, tyrosine kinase inhibitor; WRBT, whole brain radiation therapy.

Results of comparative studies (WBRT, SRS, and EGFR TKI).

Table 3
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Table 4

Comparative studies of WBRT and EGFR TKI combinations vs EGFR TKI alone.
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WBRT plus EGFR TKI

EGFR TKI

Chen et al. (2016) Zhu et al. (2017)

Jiang et al. (2016a)

Chen et al. (2016) Zhu et al. (2017) Jiang et al. (2016a)

N 53 67 51
EGFR mutations (%) 100 100 100
Asymptomatic (%) 30.2 NA 77.4
Extracranial metastases (%) NA 65,7 60,8
> 3 BMs (%) 79.2 73.1 96
iPFS (months) 24.7 16 6.9
OS (months) 48 22 21.6

75 60 116
100 100 100
65.6 NA 87.9
NA 65.2 59.5
69.6 65.3 95.7
18.2 11.2 7.4

41.1 15 26.4

BM, brain metastases; EGFR, epidermal growth factor receptor; iPFS, intracranial progression-free survival; NA, not available; NSCLC, non-small cell lung cancer; OS,
overall survival; SRS, stereotactic radiosurgery; TKI, tyrosine kinase inhibitor; WRBT, whole brain radiation therapy.

retrospective studies (Magnuson et al., 2017; Doherty et al., 2017), but
was longer with EGFR TKI alone in a Phase III study (Yang et al., 2017)
(Table 3). However, there were no differences in OS between treat-
ments in two studies (Doherty et al., 2017; Yang et al., 2017), while in
the other, patients treated with radiosurgery had a longer survival
(Magnuson et al., 2017). In the Phase III BRAIN study, the efficacy of
the EGFR TKI icotinib was compared with WBRT with sequential or
concurrent chemotherapy in Chinese patients with EGFR mutant NSCLC
and multiple brain metastases (Yang et al., 2017). Icotinib yielded
longer intracranial PFS than WBRT plus chemotherapy. Patients with
exclusive intracranial progression receiving icotinib were switched to a
combination of WBRT and icotinib or chemotherapy and patients re-
ceiving WBRT were switched to icotinib at disease progression. More
patients in the WBRT group switched to icotinib compared with pa-
tients in the icotinib group who switched to icotinib plus WBRT, po-
tentially explaining why OS was not improved in the icotinib arm.

The combination of WBRT and EGFR TKI is significantly superior to
WBRT in intracranial response, time to intracranial progression and
median OS (Magnuson et al., 2017; Luo et al., 2015; Jiang et al.,
2016b). There is high heterogeneity among studies comparing the
WBRT/EGFR TKI combination with EGFR TKI alone (Table 4).

A meta-analysis of 12 retrospective studies and 363 patients with
EGFR mutated NSCLC and brain metastases concluded that the

Table 5
Summary of the characteristics and results of the studies with EGFR TKI.

combination of WBRT and EGFR TKI had similar response rates (re-
lative risk [RR] 0.93 [95% CI 0.82-1.06]; p = 0.53) as EGFR TKI alone,
but had an increase in intracranial progression-free survival (PFS) at 4
months (RR 1.06 [95% CI 1.00-1.12]; p = 0.03) and OS at 2 years (RR
1.33 [95% CI 1.00-1.77]1; p = 0.05); however, the WBRT/EGFR TKI
combination was associated with an increase in neurological side ef-
fects (headache and dizziness) (Soon et al., 2015). Conversely, another
meta-analysis of 4 retrospective studies in patients with EGFR mutated
NSCLC and multiple brain metastases (> 3 lesions) showed similar
survival between the combination of WBRT/EGFR TKI and EGFR TKI
alone (HR 1.25 [95% CI 0.98-1.59]; p = 0.08). The intracranial PFS
was higher with EGFR TKI alone (HR 1.30 [95% CI 1.03-1.65];
p = 0.03) (Zheng et al., 2017).

To complicate the interpretation, a third metanalysis has recently
been published. This analysis of four other retrospective studies in-
cluded 507 patients with EGFR mutated patients with synchronous
brain metastases compared the treatment of front-line EGFR TKI with
brain RT (generally WBRT) combined with EGFR TKI (Liang et al.,
2018). There was no significant benefit in OS (HR 0.81 [95% CI
0.53-1.26]) or intracranial PFS (HR 0.84 [95% CI 0.55-1.27]) with
combined EGFR TKI plus brain RT compared with EGFR TKI alone.

Based on the evidence reviewed of local treatment, the following
conclusions and recommendations regarding treatment of

Ref Study design

Primary objective

Patients with BM treated
with EGFR TKIs

Intracranial activity

(Bai et al., 2017) Retrospective study

N = 148 patients
(Zhang et al., 2016) Retrospective study
N = 43 patients
Retrospective study
N = 205 patients (63 patients had brain
metastases at initiation of EGFR TKI)
Retrospective study*
N = 100 patients
Pre-specified analyses of pooled Phase II

(Kashima et al., 2016)

(Hoffknecht et al., 2015)

(Goss et al., 2018)

studies
(Soria et al., 2018; Reungwetwattana Randomized Phase III clinical trial
et al., 2018) N = 556

Response rate

Response rate

Response rate
Response rate

Progression-free
survival

Gefitinib (n = 95) and
erlotinib (n = 53)

34.7% (gefitinib) vs.

39.6% (erlotinib)"

p=03813

57% (no significant differences
between gefitinib and erlotinib)
mOS: 25.0 months (erlotinib) vs 18.1
months (gefitinib); p = 0.45

Gefitinib (n = 30) and
erlotinib (n = 13)
Gefitinib (n = 52) and
erlotinib (n = 11)

Afatinib (N = 100) 35%"
Osimertinib (N = 50) 549%°
Osimertinib (N = 61)
versus

erlotinib or gefitinib
(N =67)

66% (osimertinib) vs.
43% (erlotinib, gefitinib)"

CNS, central nervous system; NR, not reported; (m)OS, (median) overall survival; TKI, tyrosine kinase inhibitor;

*Afatinib’s compassionate use program.
"Partial response results.

#19% (6 of 31) of the patients had a general response (defined as a systemic response and a response at the CNS level) and 16% (5 of 31) had an intracranial response

only.

§18/50 patients (36%) had both a CNS and systemic response and 9/50 (18%) had an intracranial response only.
PCNS objective response rate in patients with measurable and/or non-measurable CNS lesions.
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symptomatic patients were formulated and validated.

LOE/
GOR

% agree

(N)

TREATMENT IN DIFFERENT CLINICAL SCENARIOS

Should brain metastases be treated locally in symptomatic p-
atients?

R8. It is advisable to evaluate local treatments in case of
symptoms associated with brain metastases (National
Comprehensive Cancer Network, 2017).

R9. In patients with symptomatic metastases that remain
asymptomatic after treatment with corticosteroids, 1-
ocal treatment may be delayed [EP].

Which patients should be considered to surgical treatment?

R10. Surgery is indicated in patients with lung carcinoma
with a brain metastasis > 3 cm and/or with a signifi-
cant mass effect (displacement of the median line gr-
eater than 1 cm) (NCCN, 2016; Chi and Komaki, 2010).

R11. Surgery is indicated in patients with EGFR positive
lung carcinoma with a single brain metastasis and w-
ith good general condition, and controlled extracer-
ebral disease (Pollock et al., 2003).

Which patients should be considered for radiosurgery treat-
ment?

C14. The addition of WBRT to radiosurgery does not improve
survival and has a negative effect on the survival of pati-
ents younger than 50 years [EP].

C15. The addition of WBRT to radiosurgery increases the risk
of cognitive impairment [EP].

R12. Radiosurgery is the treatment of choice in patients
with lung carcinoma with 1-3 brain metastases with-
out a significant mass effect that do not cause ob-
structive hydrocephalus (Schoggl et al., 2000; O’Neill
et al., 2003; Sahgal et al., 2015).

R13. In patients with more than 3 brain metastases, in
which none exceed 3 cm or a volume > 10ml and the
cumulative volume of all metastases is < 15 ml, rad-
iosurgery can be considered (NCCN, 2016; Novello et a-
1., 2016; Planchard et al., 2018; Bhatnagar et al., 2006;
Yamamoto et al., 2014).

R14. In patients with EGFR mutations, radiosurgery sho-
uld be considered when the only place of progression
is the brain and there are 1-3 brain metastases (Na e-
t al., 2017).

Which patients should be considered for holocranial treat-
ment?

C16. Concomitant WRBT and EGFR TKIs is the treatment of
choice in patients with EGFR-mutated NSCLC and multiple
symptomatic brain metastases (> 3) (Soon et al., 2015).

C17. WBRT may be postponed in patients with EGFR-mutated
NSCLC, and multiple brain metastases that remain asym-
ptomatic after administration of corticosteroids (Zheng e-
t al., 2017) and [EP].

C18. WBRT is not indicated after local treatment (radiosurgery
or surgery) in patients with EGFR-mutated NSCLC and a
limited number of brain metastases (Sahgal et al., 2015;
Chang et al., 2009; Aoyama et al., 2007).

What is the first treatment that should be used in the patient
with symptomatic brain metastases?

R15. For patients with symptomatic brain metastases and
steroid-controlled symptoms, the first recommended
treatment is an EGFR TKI together with the appro-
priate supportive treatment (Jiang et al., 2016a).

R16. For patients with uncontrolled symptomatic brain
metastases, depending on the number of metastases
and the patient’s PS, it is recommended to consider
surgery, radiosurgery or WBRT (National Comprehens-
ive Cancer Network, 2017).

EGFR, epidermal growth factor receptor; EP, Expert Panel; GOR, grades of recom-
mendation; LOE, level of evidence; NSCLC, non-small cell lung cancer; RT, radio-
therapy; TKI, tyrosine kinase inhibitor; WRBT, whole brain radiation therapy.
*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

The conclusions are not in bold and the recommendations are in bold.

3/B 88.9 (9)

5/D 100 (9)

3/C 100 (9)

3/C 100 (8)

1/A 100 (8)

2/B 100 (8)

2/B 100 (9)

3/C 100 (9)

3/C 100 (8)

NA

87.5(8)

NA 87.5 (8)

NA 100 (8)

3/B 88.9 (9)

3/B 100 (9)
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5.3.4. Systemic treatment

Having an EGFR mutation is predictive of response to EGFR TKIs in
patients with NSCLC and brain metastases (NCCN, 2016; Zhang et al.,
2016). The brain penetration of first- and second-generation EGFR TKI
is low compared with the concentration that is achieved in plasma
(Khalifa et al., 2016). The limited brain exposure of EGFR TKI may
explain the high incidence of brain metastases in patients with EGFR-
mutated NSCLC, despite disease control of extracranial disease. How-
ever, the existence of brain metastases might make the BBB more
permeable facilitating a greater penetration of the EGFR TKI (Lassman
et al., 2005). Icotinib had similar brain penetration as erlotinib and
gefitinib (Tan et al., 2017). On the other hand, osimertinib showed
higher penetration in the blood-brain barrier of mouse models than
gefitinib, rociletinib or afatinib (Ballard et al., 2016).

5.3.4.1. Different EGFR TKIs. No significant differences in intracranial
activity have been reported between erlotinib and gefitinib (Zhang
et al., 2016; Bai et al., 2017; Park et al., 2012; Kashima et al., 2016)
(Table 5), or between afatinib and gefitinib (Park et al., 2016). In the
Phase III FLAURA trial, the rate of CNS progression was 19% for those
treated with osimertinib, compared with 43% for patients receiving
gefitinib or erlotinib, indicating that osimertinib is effective in delaying
tumor progression in the brain (Soria et al., 2018). This reduction in
CNS progression may result from the better local control of the systemic
disease that prevented metastases from developing in the brain, or from
a direct effect of osimertinib on established brain metastases, or a
combination of both mechanisms.

5.3.4.2. EGFR TKIs and radiotherapy. Data from retrospective studies
and meta-analyses show a higher control of intracranial disease with
concurrent of EGFR TKI and RT compared with the use of EGFR TKI
only (Chen et al., 2016; Luo et al., 2015; Wang et al., 2018; Sung et al.,
2018) (Table 6). Upfront radiotherapy and EGFR TKI showed better
intracranial PFS as well as OS than EGFR TKI alone. Patients with
limited brain metastases benefited most from concomitant upfront RT
and EGFR TKI (Wang et al., 2018). Adequate safety and tolerability was
reported for concurrent EGFR TKI plus WBRT (Tan et al.,, 2016;
Hendriks et al., 2015; Proto et al., 2016), albeit a slight increase in
neurological and non-neurological level toxicity (Chen et al., 2016;
Mehta et al., 2010). Studies assessing the combination of EGFR TKI with
cranial radiotherapy did not evaluate neurotoxicity as the primary
objective and most studies only included a basic neuropsychological
test. In daily practice, EGFR TKIs are often discontinued for 4-5 times
the half-life of the drug before starting cranial radiotherapy and are
reinitiated 2-3 days after completing cranial radiotherapy (Hendriks
et al,, 2015).Tumor flare has been reported when EGFR TKIs are
discontinued in this clinical setting (Weickhardt et al., 2012).

A prospective study showed that the addition of erlotinib to WBRT
plus SRS was not feasible due to unacceptable toxicity (Sperduto et al.,
2013). In a retrospective study comparing the clinical outcomes of
patients with progressing brain metastases there was no difference in
outcomes when treated with WBRT and osimertinib compared with
those treated with osimertinib alone (Xie et al., 2018). The results of the
ENTER study (NCT01887795) have been recently reported (Yang et al.,
2018b). In this open label randomized Phase III clinical trial that
compared WBRT plus concurrent erlotinib with frontline WBRT alone
in patients with advanced NSCLC with multiple untreated synchronous
brain metastases. After completing WBRT, patients received systemic
treatment according to EGFR status and patients with EGFR mutations
were treated with erlotinib. A total of 220 patients were included in the
study and 109 harbored an activating EGFR mutation. There were no
differences in the intracranial PFS among the intention-to-treat popu-
lation neither in the EGFR mutated patients (HR = 0.74, 95% CI
0.49-1.13).

The pciAdenoINCAN clinical trial (NCT01603849) studied the role
of prophylactic cranial irradiation (PCI) with hippocampal sparing
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Are there interactions between anticonvulsants and EGFR T-
Kis?

R19. When using an enzyme-inducing anticonvulsant, c-
lose monitoring of plasma pharmacological levels is
recommended and the use of afatinib should be eva-
luated, instead of erlotinib or gefitinib given its abs-
ence of metabolism at the cytochrome P450 level (G-
renader et al., 2007; Thomas-Schoemann et al., 2014),

Are there interactions between corticosteroids and EGFR TKIs?

R20. If continuous treatment with corticosteroid is re-
quired, concurrent with erlotinib or gefitinib, pre-
dnisone or methylprednisone should be considered as
alternatives to dexamethasone (https://www.drugs.
com/drug_interactions.html).

EGFR, epidermal growth factor receptor; EP, Expert Panel; GOR, grades of recom-
mendation; LOE, level of evidence; NSCLC, non-small cell lung cancer; RT, radio-
therapy; TKI, tyrosine kinase inhibitor; WRBT, whole brain radiation therapy.
*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

"The recommendations of these questions were not voted in the online validation
round, because they are widely accepted by the scientific community.
The conclusions are not in bold and the recommendations are in bold.

NA T

NA T

6. Post treatment considerations for the surveillance of patients
with EGFR mutated NSCLC with brain metastases

Patients with EGFR mutations should be frequently monitored for
the early detection of brain metastasis (Sadoyama et al., 2018). Neu-
rological symptoms are not usually present when brain metastases are
diagnosed by routine imaging (Shen et al., 2016). Cranial screening
with neuro-imaging, preferably with brain MRI, every 2-3 months after
treatment of brain metastases both in asymptomatic and symptomatic
patients is highly beneficial (Koiso et al., 2016). The NCCN guidelines
recommend performing cranial follow-up with MRI every 2-3 months
for the first year and subsequently every 4-6 months (NCCN, 2017),
regardless of the brain metastasis etiology or size/number. Other stu-
dies have recommended follow-up with biannual cranial MRI
(Nishikawa et al., 2010) or cranial MRI every 3 months (Liu et al.,
2015). In a multi-institutional retrospective study, the incidence of in-
tracranial progression increased exponentially during the first 30
months of follow-up, until reaching stabilization (Magnuson et al.,
2017).The most common image surveillance frequency employed is
every 2-3 months (Rangachari et al., 2015).

Based on this evidence, the following recommendations regarding
follow-up of patients were formulated and validated.

LOE/
GOR

% agree
Ny*

MONITORING RESPONSE

How often should CNS lesions be evaluated in patients who
have not received prior local treatment?"

How often should CNS lesions be evaluated in patients
who have received prior local treatment? *

R21. In patients with good ECOG PS, especially in those
who received only EGFR TKI and/or SRS, cranial im-
aging tests (ideally brain MRI) should be performed
during follow-up (NCCN, 2017)

R22. The advisable frequency of performing the cranial
imaging tests would be every 3 months for 24-30 m-
onths, and subsequently every six months (Magnuson
et al., 2017; NCCN, 2017)

CNS, central nervous system; EGFR, epidermal growth factor receptor; GOR, grades of
recommendation; LOE, level of evidence; MRI, magnetic resonance imaging; PS,
performance status; SRS, stereotactic radiosurgery; TKI, tyrosine kinase inhibitor.
*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

"These two questions are closely related and were evaluated together.

3/C 100 (8)

5/D 87.5(8)
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7. Treatment of patients with leptomeningeal carcinomatosis

A complication in patients with pulmonary adenocarcinoma is the
dissemination of neoplastic cells through CSF and leptomeninges, oc-
curring in up to 9% of patients with EGFR mutations (Kuiper et al.,
2015). Presence of malignant cells on CSF cytology provides the gold-
standard for diagnosing leptomeningeal carcinomatosis. Brain metas-
tases occur in 30.7-82% of patients with lung cancer and leptome-
ningeal carcinomatosis. Despite poor prognosis of patients with lepto-
meningeal carcinomatosis, outcomes can be improved (Bruna et al.,
2009; Kuiper et al., 2015; Balm and Hammack, 1996; Wasserstrom
et al., 1982; Morris et al., 2012), when specifically managed.

Due to the diffuse nature of leptomeningeal carcinomatosis, sys-
temic administration and intrathecal administration are the preferred
options because they encompass the entire subarachnoid space (Morris
et al., 2012). Myelosuppression associated with whole neuroaxis irra-
diation may compromise chemotherapy treatments for the underlying
cancer and is not considered an option for leptomeningeal carcinoma-
tosis (Hermann et al., 2001). Likewise, the concomitant use of focal RT
and intrathecal chemotherapy should be avoided due to severe toxi-
cities (up to 20.3% grade 3-5 toxicities) (Pan et al., 2016).

Two studies comparing the addition of intrathecal chemotherapy to
systemic treatment suggested that it does not improve the results in
patients with leptomeningeal carcinomatosis and increases the rate of
neurotoxic complications (Bokstein et al., 1998; Boogerd et al., 2004).
On the other hand, in multivariate analyses from other studies, systemic
treatment, intrathecal chemotherapy, and treatment with EGFR TKI
were all independently associated with better survival (Bruna et al.,
2009; Gwak et al., 2013).

There is high preservation of the EGFR mutation in CSF (92-95%) in
patients with resistance to EGFR TKIs due to T790 M resistance (Liao
et al., 2015; Seiji et al., 2017). However, the CSF penetration rate of
EGFR TKIs such as gefitinib, erlotinib, and afatinib is less than 5%
(Tamiya et al., 2017; Deng et al., 2014; Zhao et al., 2013; Togashi et al.,
2012), but encouraging results have been observed with higher doses of
gefitinib and erlotinib. Osimertinib, has also shown promising results in
patients with leptomeningeal carcinomatosis achieving a leptome-
ningeal response in 43% of patients in the T790 M unselected cohort
(JC-H et al., 2017; Nanjo et al., 2018; Hitchins et al., 1987).

Regarding exclusive intrathecal chemotherapy treatment for pa-
tients with leptomeningeal carcinomatosis, only non-controlled studies
have established its benefit over the supportive treatment (Bruna et al.,
2009; Balm and Hammack, 1996). There are three randomized trials,
two of them with methodological limitations, which did not show ad-
vantages in OS between the most commonly used drugs (methotrexate,
cytarabine, liposomal cytarabine, and Thio-TEPA) (Glantz et al., 1999;
Grossman et al., 1993; Hitchins et al., 2016). Only liposomal cytarabine
increased the time to neurological progression with better quality of life
compared with intrathecal methotrexate (Glantz et al., 1999; Cole et al.,
2017). If intrathecal chemotherapy is considered, the administration
through the Ommaya reservoir is more comfortable for the patients and
the distribution of the drug is more uniform than with a lumbar
puncture (Glantz et al., 2010). When administered through the lumbar
route, it is advisable that the patient remain in a prone position for at
least one hour after administration to facilitate the distribution of the
drug (Blaney et al., 1995).

Based on this evidence, the following recommendations regarding
treatment of patients with leptomeningeal carcinomatosis were for-
mulated and validated.
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LOE/
GOR

% agree

N)*

MONITORING RESPONSE

In patients with leptomeningeal carcinomatosis, should intra-
thecal treatment or local treatment be performed?

R23. Depending on the treatments that have been pre-
viously received, intrathecal treatment and systemic
pharmacotherapy could be considered for patients
with leptomeningeal carcinomatosis with acceptable
prognostic factors (Bruna et al., 2009).

R24. Patients with leptomeningeal carcinomatosis diag-
nosed by neuroimaging, without neoplastic cells in
the CSF, can be considered for systemic therapy (EGFR
TKI or chemotherapy) (Subira et al., 2015, 2012).

R25. Intrathecal chemotherapy plus systemic EGFR TKI
can be considered in leptomeningeal carcinomatosis
progression with systemic control of the disease (Gl-
antz et al., 1999; Cole et al., 2017).

R26. In patients with parenchymal brain metastases and
leptomeningeal carcinomatosis, the first treatment c-
hoice should be based on the identification of the le-
sion causing the neurological symptoms, prioritizing
RT and delaying intrathecal treatment for at least 2-3
weeks, to avoid neurological toxicity in the case of
symptomatic brain metastases (Bruna et al., 2012).

CSF, cerebrospinal fluid; EGFR, epidermal growth factor receptor; GOR, grades of re-
commendation; LOE, level of evidence; TKI, tyrosine kinase inhibitor.

*Not all participants were able to complete the first online round of validation
(n = 8), while all participants attended the final meeting (n = 9) and an additional
round of validation (n = 9).

7t is important to consider that most procedures in cytological diagnosis may u-
nderestimate the burden of the disease, as has been shown in the use of flow cyt-
ometry.

4/C 100 (9)

5/D 100 (8)

4/C

100 (9)

5/C 87,5 (8)

8. Future perspectives

Unfortunately, overall outcome of patients with EGFR mutated
NSCLC and brain metastases is still worse than patients without brain
metastases. However, it is important to note that in general these pa-
tients have a favorable long-term prognosis in comparison with patients
with wild type EGFR NSCLC and brain metastases, and this should be
considered with making decisions on how to manage these patients. To
improve outcomes, better diagnosis and effective management strate-
gies are needed. In this sense, it is important to correctly diagnose the
presence of brain metastases in patients with EGFR mutations, by
screening at diagnosis even in asymptomatic patients. There is limited
scientific evidence from clinical trials that must be considered when
trying to implement effective management strategies. Patients with
NSCLC and brain metastases have been generally excluded from pro-
spective clinical trials (Ali et al., 2013) and brain metastases are the
most frequent reason for ineligibility to participate in a clinical trial
(Kawachi et al., 2018). In this expert consensus many recommendations
are based on expert experience due to lack of evidence-based clinical
data. There are no randomized clinical trials and frequently there has
been contradictory data from smaller studies and patient series. Further
studies exploring the effects of EGFR TKIs in patients with NSCLC and
EGFR mutations and brain metastases are warranted. A couple of clin-
ical trials (NCT02714010 and NCT02338011) are ongoing and will
compare the efficacy and safety of upfront EGFR TKI versus WBRT.

Newer EGFR TKIs are being specifically assessed in patients with
brain or leptomeningeal metastases such as AZD3759, which was de-
signed to achieve high levels in plasma and CSF (Ahn et al., 2017).
Early data with tesevatinib in patients who had progressed with erlo-
tinib, gefitinib, or afatinib, and had received prior radiotherapy showed
rapid improvement of CNS symptoms (Berz et al., 2017). Phase II data
of nazartinib showed promising efficacy in patients with NSCLC and
EGFR mutations despite a high number of patients with brain metas-
tases (40%) (Kim et al., 2018). The ORR in patients with brain metas-
tases was 50%, with a 90% DCR.
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In AURA3, a Phase III randomized clinical trial that compared osi-
mertinib with platinum-pemetrexed in patients with EGFR T790M-po-
sitive advanced NSCLC who progressed to prior EGFR TKI, patients with
asymptomatic, stable CNS metastases were eligible for enrollment (Mok
et al., 2017). Osimertinib demonstrated superior CNS efficacy versus
platinum-pemetrexed in T790M-positive advanced NSCLC in terms of
CNS response and PFS (Wu et al., 2018). FLAURA, a Phase III clinical
trial that compared frontline osimertinib with first-generation EGFR
TKIs in patients with EGFR mutated advanced NSCLC enrolled patients
with asymptomatic, stable CNS metastases (Soria et al., 2018). Osi-
mertinib prolonged PFS compared with standard EGFR TKIs in patients
with CNS metastases (HR = 0.47 [95% CI 0.30-0.74]; p < 0.001). CNS
progression was also lower in patients who did not have brain metas-
tases and received osimertinib vs standard TKIs (5 vs 17 patients).
Overall survival results of both trials are not yet mature, but manage-
ment of patients with EGFR mutated NSCLC and asymptomatic syn-
chronous brain metastases will rapidly change with the uptake of osi-
mertinib.

9. Conclusion

Although NSCLC patients harboring EGFR mutations have sig-
nificant high risk of brain metastases, these patients have generally
been excluded from clinical trials. Due to the limited clinical evidence
and clinical guidelines for managing this patient population, a multi-
disciplinary group of Spanish medical and radiation oncologists, and
neuro-oncologist with expertise in treating brain metastases in lung
cancer patients developed an expert opinion consensus on the man-
agement of patients with EGFR mutated NSCLC with brain metastases.
Although, there are limitations to this project, including the fact that
most literature is obtained from non-randomized clinical trials or ret-
rospective series, and the small size of the expert panel. The data that
emerged since this project started, especially the results from osi-
mertinib studies, may limit the clinical relevance of this consensus.
However, availability of first-line osimertinib is not yet widespread and
this consensus provides important treatment recommendations for
clinical practice; particularly for patients with symptomatic brain me-
tastases. As new therapeutic advances as well as new data for currently
approved EGFR TKIs become available, the consensus will most likely
require a future update. Importantly, the methodology used to create
this consensus document was very robust and followed international
guidelines. We have provided 24 consensus recommendations and 20
conclusion statements on the clinical definition and management of
brain metastases in patients with EGFR mutated NSCLC, as well as a
first-line treatment algorithm.
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