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Central nervous system metastases of Ilung
adenocarcinoma harboring EGFR-activating mutations:
survival results from a multidisciplinary approach,
including EGFR-TKIs

Metastases em sistema nervoso central de adenocarcinomas de pulmado que
albergam mutacbes ativadoras do EGFR: resultados de sobrevida de uma
abordagem multidisciplinar, incluindo EGFR-TKIs

Guilherme Harada'? , Renata Rodrigues da Cunha Colombo Bonadio', Guilherme Nader Marta’,
Debora Zachello Recchimuzzi?, Gilberto de Castro Jr."?

ABSTRACT

Objectives: Central nervous system (CNS) metastases are frequent in advanced lung
adenocarcinomas harboring EGFR-activating mutations. However, the best treatment approach
must be defined. We aimed to evaluate the effectiveness of a multidisciplinary approach for
CNS metastases in patients previously untreated with EGFR tyrosine kinase inhibitors (EGFR-
TKIs). Methods: We performed a retrospective analysis of EGFR-TKI naive patients with CNS
metastases from lung adenocarcinomas harboring EGFR-activating mutations treated in a
Brazilian academic cancer center. Data were collected from electronic records. Overall survival
(OS) and progression-free survival (PFS) curves were estimated using the Kaplan-Meier method
and compared by logrank test. Cox model was used to evaluate prognostic factors. Results:
35 consecutive patients were included. Treatment included an EGFR-TKI (erlotinib or gefitinib)
for all patients, whole brain radiation therapy for 26 patients, stereotactic radiosurgery for 2
patients, and surgery for 8 patients. Median PFS and OS were 8.2 and 11.9 months, respectively.
In a multivariable analysis, poor Eastern Cooperative Oncology Group performance status (3-4
vs 0-2) was associated with inferior OS (HR 2.86; 95% Cl 1.12-6.74; p=0.016), while radiation
therapy to treat brain lesions (yes vs no) showed a trend towards improved OS (HR 0.40; 95% ClI
0.15-1.06; p=0.066). No difference was seen between upfront and salvage radiation therapy to
the brain. Conclusions: A multidisciplinary treatment approach, including an EGFR-TKI, allowed
promising outcomes for patients with CNS metastases of lung adenocarcinoma harboring
EGFR-activating mutations, but the small number of patients here studied precludes definitive
conclusions. Although radiation therapy to treat brain metastases has an important role, the
best treatment sequence remains unclear. Currently, the approach must be individualized,
considering patient characteristics, tumor biology and healthcare resources availability.
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Central nervous system metastases in EGFR-mutant lung adenocarcinoma patients

RESUMO

Objetivos: As metastases de sistema nervoso central (SNC) séo frequentes em adenocarcinomas
pulmonares avancados portadores de mutagdes ativadoras do EGFR. No entanto, a melhor
abordagem de tratamento deve ser definida. Nosso objetivo foi avaliar a eficacia de uma
abordagem multidisciplinar para metastases no SNC em pacientes ndo tratados previamente
com inibidores de tirosina quinase do EGFR (EGFR-TKIs). Métodos: Foi realizada uma analise
retrospectiva de pacientes virgens de tratamento prévio com EGFR-TKI, com metastases em
SNC de adenocarcinomas de pulmao, que albergam mutac¢des ativadoras do EGFR tratadas em
um centro académico brasileiro de cancer. Os dados foram coletados em registros eletrénicos.
As curvas de sobrevida global (SG) e sobrevida livre de progressao (SLP) foram estimadas pelo
método de Kaplan-Meier e comparadas pelo teste de logrank. O modelo de Cox foi utilizado
para avaliar fatores prognosticos. Resultados: 35 pacientes consecutivos foram incluidos. O
tratamento incluiu um EGFR-TKI (erlotinibe ou gefininibe) para todos os pacientes, radioterapia
cerebral total para 26 pacientes, radiocirurgia estereotatica para 2 pacientes e cirurgia para 8
pacientes. A SLP e a SG medianas foram 8,2 e 11,9 meses, respectivamente. Em uma analise
multivariavel, o baixo ECOG-performance status (3-4 vs 0-2) foi associado a SG inferior
(HR 2,86; IC 95% 1,12-6,74; p=0,016), enquanto radioterapia para tratar lesdes cerebrais (sim
vs nao) mostrou uma tendéncia para melhoria da SG (HR 0,40; IC 95% 0,15-1,06; p=0,066). Nao
foi observada diferenca entre radioterapia cerebral no inicio do tratamento ou de resgate.
Conclusdes: Uma abordagem de tratamento multidisciplinar, incluindo um EGFR-TKI, permitiu
resultados promissores para pacientes com metastases no SNC de adenocarcinoma de pulmao,
com mutacgdes ativadoras do EGFR, mas o pequeno nimero de pacientes aqui estudados exclui
conclusdes definitivas. Embora a radioterapia para tratar metastases cerebrais tenha um papel
importante, a melhor sequéncia de tratamento permanece incerta. Atualmente, a abordagem
deve ser individualizada, considerando as caracteristicas do paciente, a biologia do tumor e a
disponibilidade de recursos em saude.

Descritores: Neoplasias pulmonares; Genes, erbB-1; Sistema nervoso central.

INTRODUCTION

Although lung cancer is the leading cause of death
worldwide, advances in immunotherapy and
molecular-targeted therapies are improving patient
outcomes."" EGFR-activating mutations are detected in
21.6-30.4% of lung adenocarcinoma cases in Brazil >4

The central nervous system (CNS) has been a
frequent site of metastases from lung cancer.P!
Lung adenocarcinomas harboring EGFR-activating
mutations have an even higher frequency of CNS
metastases.>® One factor that may contribute to
thisis that EGFR tyrosine kinase inhibitors (EGFR-
TKls) allow satisfactory systemic disease control
and improved outcomes; however, first and second-
generation EGFR- TKIs have poor CNS penetration.
8 |n fact, 30-60% of patients treated with first-
generation EGFR-TKIs (erlotinib or gefitinib) present
brain relapses, during the course of their disease.
' Furthermore, EGFR-activating mutations by
themselves have been shown to be associated
with higher risk of CNS metastases.l'” In at least
two cohorts, multivariable analyses showed an
independent association between EGFR mutation

and brain metastases (OR 3.83, p=0.001; and, OR
2.52, p=0.022).011121

Up to now the best treatment approach to manage
these patients is not well-defined.'™ In addition to
EGFR-TKIs, treatment might include whole brain
radiation therapy (WBRT), stereotactic radiosurgery
(SRS), and/or surgery. However, which patients require
such additional treatment strategies as well as the best
treatment sequence remain controversial.'®

We aimed to evaluate survival outcomes of patients
with CNS metastases from lung adenocarcinoma
harboring EGFR-activating mutations, previously
untreated with EGFR-TKIs (EGFR-TKI naive), who
were treated with a multidisciplinary approach in a
Brazilian public academic cancer center.

METHODS
Study Design

We performed a retrospective analysis of all
consecutive patients with CNS metastases of
lung adenocarcinoma harboring EGFR-activating
mutations, treated at Instituto do Cancer do Estado
de Sdo Paulo Cancer (ICESP), between 2009 and 2017.
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Electronic records of all patients who received
an EGFR-TKI were reviewed. We collected data
on clinical and demographical characteristics of
patients, smoking status, type of EGFR-activating
mutation, treatment received and survival outcomes.

The study was approved by local Research Ethic
Committees.

Participants

Patients were included in case of CNS metastases
of histologically confirmed lung adenocarcinoma
harboring an EGFR-activating mutation and who
had not received any treatment including any
chemotherapy or any EGFR-TKI before of the
diagnosis of brain metastases (EGFR-TKI naive).
In order to confirm the EGFR status and following
the local recommendation, Sanger sequencing was
performedinarchived or new formalin-fixed paraffin-
embedded samples. The CNS involvement was
diagnosed based on computed tomography scans,
magnetic resonance imaging and/or cerebrospinal
fluid findings.

Exclusion criteria included the previous use of EGFR-
TKls, diagnosis of another malignancy (with the
exception of non-melanoma skin cancer, carcinoma
in situ of the cervix and carcinoma ductal in situ
of the breast) and lack of sufficient data to assess
patients’ outcomes after treatment.

Treatment

Multidisciplinary tumor board discussions guided
individual patient treatments. All patients received
an EGFR-TKI as standard systemic treatment for
lung adenocarcinoma harboring EGFR-activating
mutations at our Institution. Two EGFR TKIs were
available during this study, depending on the time
period: erlotinib or gefitinib. Erlotinib or gefitinib
were given orally at daily doses of 150mg and
250mg, respectively. Administered dose reductions
followed the publicly available recommendations.

Other treatment strategies received by patients could
include surgery for resection of brain metastasis,
intrathecal chemotherapy, whole brain radiation
therapy (WBRT), and/or stereotactic radiosurgery
(SRS). SRS was the preferred local treatment for
those patients presenting 1-4 lesions, measuring
less than 4cm in those patients neurologically
sTable. Surgery was indicated in neurologically
unsTable patients. WBRT was administered in those
patients not candidates for neither SRS nor surgery,
and EFGR-TKIs were not administered concurrently
with WBRT.

Statistical Analysis

The primary objective of the study was to evaluate
the overall survival of patients with CNS metastases
of lung adenocarcinoma harboring EGFR-activating
mutations. Secondary objectives were to characterize
the treatment strategies received, evaluate the
progression-free survival and prognostic factors
associated with survival.
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Overall survival was defined as the time from the
initiation of the EGFR-TKI until death from any
cause. Progression-free survival was the time from
initiation of the EGFR-TKI until clinical or radiological
progression, or death from any cause. Patients
without these events were censured at time of last
follow-up.

Descriptive statistics was used to present patient
and treatment characteristics. Qualitative variables
were compared between groups using Chi-squared
test or Fisher Exact test, whenever appropriate.
Quantitative variables were compared with Student
t-test.

Survival estimates were performed using the
Kaplan-Meier method. The logrank test was used
to compare survival curves. Potential factors
associated with overall survival were evaluated
using univariable and multivariable analyses by
Cox proportional hazards model. Evaluated factors
were: EGFR-TKI (gefitinib vs erlotinib), EGFR-activating
mutations (exon 21 vs exon 19), radiation therapy to
the brain (yes vs no), upfront radiation therapy to the
brain (yes vs no), ECOG-PS (3-4 vs 0-2), number of
brain metastases (2-4 vs 1; >4 vs 1), size of the largest
brain metastasis (>1cm vs <1cm), and disease-
specific graded prognostic assessment (dsGPA)
(2-3.5 vs 0-1.5). Briefly, dsGPA is a tool to evaluate
prognosis of patients with brain metastases, largely
used in the daily clinical practice in order to estimate
survival endpoints and better select the most
appropriate treatments, based on the number of
metastatic brain lesions, besides age, performance
status and the presence of extracranial metastastic
spread.™™ Variables with a p value < 0.10 in the
univariable analysis and that were not associated
with each other were included in the multivariable
analysis. Chi-squared test was used to evaluate the
association between categorical variables. The p
values < 0.05 were considered statistically significant.
Stata software, version 14.0 (StataCorp, Texas, USA),
was used for the statistical analysis.

RESULTS
Patients Characteristics

Thirty-five consecutive patients met the eligibility
criteria and were included in the present study.
Median age was 63 years (range 35-90). Twenty-
six patients (74%) were female and 9 (26%) were
male. Half of patients were non-smokers. ECOG-
PS was 0-1 in 17 patients (48.5%) and 2 in 9 patients
(25.7%). Most patients (65.7%) had dsGPA 2.0-3.5.
The majority of the patients had an EGFR exon 19
deletion (N=25; 71.4%) or an EGFR exon 21 L858R
mutation (N=9; 25.7%). Only one patient had an EGFR
exon 18 G719A mutation. Patients’ characteristics
are summarized in Table 1.

Treatment Received

All patients had received an EGFR TKI. Twenty-three
patients (65.7%) received erlotinib and 12 (34.2%),
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Table 1. Patients' characteristics.

N %
Age at diagnosis
Median (range) 63 (35-90)
Sex
Female 26 74.2
Male 9 25.7
Never smoker 19 54.2
ECOG-PS
0-1 17 48.5
2 9 25.7
3-4 9 25.7
Extracranial metastases
Yes 33 94.3
No 2 5.7
Number of brain metastases
1 5 14.2
2-4 10 28.5
>4 15 42.8
Leptomeningeal only 1 2.8
Not available 4 11.4
Largest brain metastasis
<1cm 6 17.1
>1cm 24 68.5
Not available 4 11.4
dsGPA
0-1.5 11 314
2.0-3.5 23 65.7
EGFR mutation
EGFR exon 19 deletion 25 71,4
EGFR exon 21 L858R mutation 9 25.7
EGFR exon 18 G719A mutation 1 2.8

*Abbreviations: N = number; ECOG-PS = Eastern Cooperative
Oncology Group Performance Status; dsGPA = disease-specific
graded prognostic assessment; EGFR = epidermal growth
factor receptor.

gefitinib. Four patients who had received erlotinib
required dose reductions due to toxicities. Median
treatment time with EGFR TKI was 7.6 months
(interquartile range [IQR], 2.2-11.6 months). The
treatment duration of erlotinib and gefitinib did
not differ (median treatment time: 7.5 and 8.3
months, respectively; p=0.836).

Eleven patients were treated with surgery for brain
metastases. Most patients (N=26) received WBRT,
while only 2 were treated with SRS and 7 received
no radiation therapy. Twenty-four patients received
upfront radiation therapy (WBRT or SRS), followed
by an EGFR-TKI. Eleven patients received upfront

EGFR-TKI, followed by WBRT (N=4) or no radiation
therapy (N=7). Only one patient was treated with
intrathecal chemotherapy with methotrexate, due
to leptomeningeal involvement. Figure 1 depicts the
treatments received by patients and its intersections.

Outcomes

After a median follow-up of 10.6 months, 29 patients
presented disease progression or death. Median
PFS was 8.2 months. Six-month was 68.3% (95%
confidence interval [Cl], 49%-81.5%) and 1-year
PFS, 20.7% (95% Cl, 8.4%-36.6%). The Kaplan-Meier
curve for PFS is presented in Figure 2.

Twenty-seven deaths occurred during the study
period. Median OS for all the study population
was 11.9 months, and 6-month and 1-year OS
were 79.7% (95% Cl, 62%-89.7%) and 48.9% (95%
Cl, 31.1%-64.5%), respectively. Figure 3 shows the
Kaplan-Meier curve for OS.

Factors associated with overall survival

In the univariable analysis, poor ECOG-PS (ECOG
PS 3-4) (HR, 2.74; 95% Cl, 1.17-6.38; p=0.019) and
unfavorable dsGPA (dsGPA 0-1.5) (HR, 3.15; 95% Cl,
1.28-7.71; p=0.012) were associated with inferior OS.
Moreover, radiation therapy to brain metastases
(WBRT or SRS) had a trend towards improved overall
survival (HR, 0.43; 95% Cl, 0.16-1.10; p=0.081) in
comparison with no radiation therapy. None of the
other factors had statistically significant association
with OS.

ECOG-PS and administered radiation therapy were
included in the multivariable analysis. The dsGPA
was not included in the multivariable analysis
because it was associated with both ECOG-PS (x2
test, p=0.010) and administered radiation therapy
(x2 test, p=0.013). Patients with unfavorable dsGPA
received less radiation therapy (45% did not receive
radiation therapy vs 8% in the favorable dsGPA).

In the multivariable analysis, poor ECOG-PS
remained independently associated with inferior OS
(HR, 2.86; 95% ClI, 1.12-6.74; p=0.016). The trend
towards superior OS (HR, 0.40; 95% Cl, 0.15-1.06;
p=0.066) of patients treated with radiation therapy
was also confirmed. Results of the univariable and
multivariable analyses by Cox proportional hazards
model are summarized in Table 2.

DISCUSSION

CNS metastases from lung cancer are associated
with shorter survival, with median OS ranging from
3 to 15 months.I'™ Patients with a driver mutation
usually have better prognosis, especially due to the
efficacy of targeted therapy.”'#'™ However, even
in this group, patients who have CNS metastases
also have worse prognosis than those without CNS
metastases."® Considering this, a multidisciplinary
effort to improve outcomes is of utmost importance.

Our results showed that EGFR-TKI naive patients
with CNS metastases from lung adenocarcinoma
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Figure 1. Venn diagram of the treatments received by all 35 patients with central nervous system metasta-
ses of lung adenocarcinoma harboring an EGFR-activating mutation.

Figure 2. Progression-free survival of patients with
central nervous system metastases of lung adeno-
carcinoma harboring an EGFR-activating mutation
after treatment initiation with an EGFR tyrosine ki-
nase inhibitor.

Figure 3. Overall survival of patients with central
nervous system metastases of lungadenocarcinoma
harboring an EGFR-activating mutation after
treatment initiation with an EGFR tyrosine kinase
inhibitor.
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achieve favorable outcomes in comparison with
previous literature from patients without driver
mutations, when treated with a multidisciplinary
approach consisting of an EGFR-TKI, combined or not
with radiation therapy (WBRT or SRS) and/or surgery.

However, the median OS of 11.9 months observed
in the present study is shorter than that observed
in previous studies with similar patients.l'®'” In a
retrospective study of 351 patients treated in six
American academic centers, median OS was 30
months."! This difference may be explained by
divergences in the study populations. Of note, in
that study only 23.6% of patients had extracranial
metastases, while they were present in the large
majority of patients in our study (94.3%). Disparities
in the health systems may also contribute to these
results. Due to delays in diagnosis and treatment
initiation in our public health system, patients may
present with higher disease burden. In addition,
therapies such as second-line osimertinib or
pemetrexed were not available in our institution for
this population during the study period.

Another important finding of our study was the
trend towards improved OS of patients who
received radiation therapy in the multivariable
analysis (HR, 0.40; 95% Cl, 0.15-1.06; p=0.066).
However, no difference was seen between upfront
radiation therapy followed by EGFR-TKI and upfront
EGFR-TKI followed by salvage radiation therapy. The
study by Magnuson et al. (2017) also suggested an
important role of radiation therapy, favoring upfront
radiation therapy.l'”? They showed that patients who
received upfront SRS or WBRT followed by EGFR TKI
had better OS than those who received upfront
EGFR TKI followed by deferred SRS or WBRT at
intracranial progression (median OS: upfront SRS,
46 months; upfront WBRT, 30 months; upfront EGFR
TKI, 25 months; p<0.001).'"7 The first-line EGFR-
TKI for most patients (98%) was erlotinib. Patient
selection may be the main factor related to the
lower overall survival here described.
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Table 2. Univariable and multivariable analyses of factors associated with OS.

Univariable analysis

Multivariable analysis

HR (95% CI)" p value’ HR (95% CI)" p value’
EGFR mutation
Exon 21 vs Exon 19 1.00 (0.50 - 2.00) 0.991
EGFR TKI
Gefitinib vs Erlotinib 1.06 (0.45 - 2.51) 0.878
RT
Yes vs No 0.43(0.16-1.10) 0.081 0.40(0.15 - 1.06) 0.066
Upfront RT
Yes vs No 0.78 (0.34 - 1.78) 0.561
ECOG-PS
3-4vs 0-2 2.74(1.17 - 6.38) 0.019 2.86(1.21 - 6.74) 0.016
No. of brain metastases
2-4vs 1 0.78 (0.22 - 2.77) 0.711
>4vs 1 0.60(0.19 - 1.88) 0.388
Largest brain metastasis
>1cmvs £ 1cm 0.83(0.30 - 2.30) 0.729
dsGPA
0-1.5vs 2-3.5 3.15(1.28 -7.71) 0.012

*Abbreviations: OS = overall survival; HR = hazard ratio; Cl = confidence interval; EGFR = epidermal growth factor receptor; TKI = ty-
rosine kinase inhibitor; RT = radiation therapy; No. = number; ECOG-PS = Eastern Cooperative Oncology Group Performance Status;

1Cox proportional hazards model

Despite the low CNS penetration of first (erlotinib
and gefinitib) and second- generation (afatinib),
previous prospective and retrospective studies
have shown CNS response rates ranging from 35%
to 80%.141518211 Consideration of upfront TKI in
patients with small asymptomatic brain metastases
is reasonable in order to avoid radiation therapy
toxicities.'” First-line osimertinib showed superior
efficacy than erlotinib or gefitinib, including in
terms of CNS activity.?>?3 Median CNS PFS was
not reached with osimertinib vs 13.9 months with
erlotinib/gefitinib (p=0.014).12>! Overall response rate
in measurable and non-measurable CNS lesions
was 66% and 43% (p=0.011), respectively. First-line
osimertinib may further support the use of upfront
TKI and this strategy should now be re-evaluated.
Importantly, if upfront TKI is chosen, careful follow-
up of the CNS metastases is necessary to allow
proper salvage radiation therapy when required.!"™

Although WBRT was the most common modality of
radiation therapy in the present study, some studies
suggest that SRS is an appropriate alternative
for patients with up to 10 brain metastases.l?42*
Moreover, SRS may avoid neurocognitive sequelae
associated with WBRT.[26:27]

The main limitations of our study are its
retrospective nature and the small sample size. Even
though it has been analyzed a period between 2009

and 2017, only a small number (35 patients) met
the eligibility criteria, possibly leading to selection
and treatment biases. Patients with poor ECOG
performance status and/or unfavorable dsGPA may
have received less aggressive treatments, another
source of biases. As strengths, our results represent
real-life data from a developing country population.
We highlight that most of previous data on lung
adenocarcinoma patients harboring EGFR- activating
mutations come from developed countries where
other treatment lines are also available. Despite
the benefit of multidisciplinary approaches for CNS
metastases, in comparison with the results from
previous literature, we can conclude that additional
strategies are necessary to improve survival in our
population. This could include efforts for earlier
diagnosis and treatment access as well as availability
of subsequent treatment lines.

CONCLUSIONS

In conclusion, patients with CNS metastases of
lung adenocarcinoma harboring EGFR-activating
mutations may derive promising progression-free
survival and overall survival, when treated with a
multidisciplinary approach that includes an EGFR-
TKI. This treatment approach, however, should be
individualized, considering patient characteristics,
tumor biology aspects and healthcare resources
available.
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