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Background: Non-small cell lung cancer (NSCLC) is a major cause of brain metastases. Nonetheless,
patients with central nervous system (CNS) spread are poorly represented in clinical trials. We sought to
evaluate the overall survival (OS) of patients with NSCLC and CNS metastases.

Methods: Patients with NSCLC and CNS metastases treated at A. C. Camargo Cancer Center from
January 2007 to December 2017 were selected. The primary endpoint was OS following the diagnosis of
CNS metastasis. The Kaplan-Meier method was applied to calculate OS. Prognostic factors were assessed
by the Cox Proportional Hazards model. As an exploratory analysis, a survival tree was generated based
upon the two most statistically significant variables in the multivariate model and one additional clinically
meaningful variable.

Results: In total, 311 patients were included. Median OS was 10.3 months (95% CI, 8.7-13.1 months).
ECOG performance status 2—4 (HR 2.12; 95% CI, 1.40-3.20; P<0.01) and the absence of a driver mutation
(HR 3.30; 95% CI, 1.85-5.90; P<0.01) were strongly associated with worse OS. A Modified Recursive
Partitioning Analysis (mnRPA) was developed based on the curves generated by the survival tree. mRPA
stratified our cohort in four subgroups with significantly different OS (3.1 to 43 months) and it outperformed
both RPA and GPA in predicting OS in our population.

Conclusions: OS in our cohort was better than previously reported. However, prognosis is widely variable

and is mostly dictated by performance status and the presence of a driver mutation.
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Introduction patients with stage III disease treated with chemoradiation

Non-small cell lung cancer (NSCLC) is a heterogeneous will develop brain lesions during follow-up (3). The

group of diseases with several molecular subtypes (1). frequency is even higher in patients with driver mutations:

A common problem across all types of NSCLC is its
proclivity to spread to the central nervous system (CNS).
Thirty to fifty percent of patients diagnosed with stage IV
disease have brain metastasis (2) and about fifty percent of
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brain metastases can occur in up to 58.3% of patients
with ALK rearrangements and 46.7% of patients with
EGFR mutations at 3 years of treatment (4). In contrast to

parenchymatous dissemination, leptomeningeal spread is an
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uncommon event and it occurs in about 5% of patients with
NSCLC (5).

Albeit brain metastases from NSCLC are a frequent
problem, patients with brain metastases are usually
excluded from clinical trials. Studies evaluating the role
of chemotherapy in this scenario are mostly retrospective
or small prospective phase II trials with limited power
(6-14). Most trials evaluating immunotherapy in the
first- or second-line setting included few patients with
brain lesions and the majority of them did not report
the treatment efficacy in this subgroup (15-21), an
exception being the KEYNOTE-189 trial, in which
the combination of pembrolizumab, carboplatin and
pemetrexed resulted in a 64% reduction of the risk
of death in patients with brain metastases (22). Anti-
ALK tyrosine kinase inhibitors (TKI) promote high
rates of intracranial response and prolonged intracranial
progression free survival and intracranial duration of
response, but overall survival (OS) data for patients
with brain metastases are largely underreported (23-27).
In small prospective studies, first-generation anti-EGFR
TKIs have been associated with intracranial response rates
around 90% (28) and median OS reaching 22 months (29);
nonetheless, there is no OS data for patients with
brain metastasis treated with the third-generation TKI
osimertinib (30,31).

The median OS following the diagnosis of brain
metastasis from NSCLC is only 7 months. However,
prognosis is heterogeneous and depends on the clinical
presentation at the time of diagnosis (32). Since the 1990%,
prognostic tools have been developed to help to select the
best approach for these patients, such as the Recursive
Partitioning Analysis (RPA). It divides patients in three
classes, based on the patients’ Karnofsky Performance
Status (KPS), age, the primary tumor control status, and
the presence or absence of extracranial metastases, with
median survival ranging from 2.3 to 7.1 months (33). In
2012, another risk assessment tool, the NSCLC Graded
Prognostic Assessment (GPA), was published. This tool
attributes numeric scores to the following prognostic
factors: KPS, age, extracranial metastasis, and number of
brain lesions. The sum of the scores can vary from 0 to
4: patients with total scores 0 to 1 have an estimated OS
of 3 months while patients with scores 3.5 to 4 achieve
14.8 months of OS (32). However, none of them take into
account the current molecular classification of NSCLC.

The aim of this study was to evaluate the OS of NSCLC
patients with disease spread to the CNS and to perform
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an analysis of the prognostic factors associated with this
outcome. We also sought to devise a prognostic model for
patients with NSCLC with brain metastases.

Methods
Study design, patient selection and data collection

This is a descriptive and analytical, retrospective, single
center study. We included patients 18 years of age or older
with histologically or cytologically proven NSCLC and who
presented metastatic disease spread to the CNS (parenchyma
and/or leptomeninges, diagnosed either by imaging studies
or histological/cytological analysis), treated at A. C.
Camargo Cancer Center from January 2007 to December
2017 (see Supplementary Appendix for detailed inclusion
and exclusion criteria). Patients who received only best
supportive care were also included. Patients with small cell
lung cancer, large cell neuroendocrine tumor of the lung, a
second malignant neoplasia diagnosed concomitantly or up
to five years before the diagnosis of NSCLC, those who did
not start treatment at A. C. Camargo Cancer Center, those
who were followed at another institution or those whose
available clinical information in the medical records was
considered insufficient were excluded.

We searched the A. C. Camargo Cancer Center electronic
medical records for the International Classification of
Diseases 10" revision (ICD-10) C34 to identify patients
diagnosed with lung cancer. Demographics and clinical
information were collected from the patients’ medical
charts.

This study was approved by the Institutional Review
Board (IRB) of A. C. Camargo Cancer Center (number
3.106.042), in accordance with the principles laid down
in the Declaration of Helsinki. Due to its retrospective
nature, the results of this study will not affect the treatment
of the patients enrolled. Because data were to be collected
from patients’ medical records, the IRB considered that
an Informed Consent Form was unnecessary. However,
the authors declare that raw data were shared amongst the
authors only, and the data presented herein do not identify
any patient, since they are presented all together, securing
their privacy and anonymity.

Endpoints definition

The primary endpoint was OS, which was defined as the
time in months between the date of diagnosis of the CNS
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metastasis and death by any cause. Secondary endpoint was
intracranial progression free-survival, defined as the time
in months between the date of diagnosis of CNS metastasis
and any evidence of intracranial disease progression (increase
in size of a previous lesion, the appearance of new lesions or
any evidence of leptomeningeal spread de novo or recurrent)
or death by any cause. Intracranial progression was defined
by the attending physician at time the patients were
evaluated.

Statistical analyses

Numeric variables were described by their median values
and interquartile ranges (IQR); categorical variables
were described by their absolute and relative frequencies.
Median OS and intracranial progression-free survival
were calculated by the Kaplan-Meier method. The log-
rank test was used for comparisons between subgroups.
We used the reverse Kaplan-Meier method to calculate the
median follow-up. Patients were censored at the time when
they were last known to be alive. To assess the potential
prognostic role of clinical or pathologic features on OS
and intracranial progression-free survival, we used the
Cox Proportional Hazards model. Variables with P<0.20
at univariate analysis were used to generate a multivariate
model. Eastern Cooperative Oncology Group performance
status score (ECOG PS), the presence of driver mutations
(EGFR, ALK or ROSI) and the number of brain metastases
were evaluated as forced entrance variables in the
multivariate model. For both univariate and multivariate
analyses, only patients with exclusive parenchymatous
metastases (i.e., patients without meningeal spread) and
complete data were included. We used backward variable
elimination in accordance to likelihood ratio tests and
Akaike Information Criteria (AICs) to select the most
adequate multivariate model.

As an exploratory analysis, the two most significant
variables in the multivariate model were selected to generate
a survival tree for the outcome OS. It has been defined
that a third variable would be included, chosen according
to the visual inspection of the curves of the generated
groups. In order to generate the survival tree, we used the
likelihood method, as described by LeBlanc and Crowley,
without tree pruning. We compared the performance of
the survival model generated by the survival tree analysis in
our population (Modified Recursive Partitioning Analysis)
with that of RPA and GPA using C-statistic and AIC. Also,
we used non-parametric Bootstrap with resampling (200
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repetitions) to perform internal validation of our findings
and further compare the performance of the three different
prognostic models. A two-sided P<0.05 was considered
statistically significant. All statistical analyses were made in
the R software, version 3.4.0.

Results

We initially identified 2,725 patients with the diagnosis of
lung cancer. One thousand and seven hundred and ninety-
two patients did not meet the inclusion criteria and were
excluded. Nine-hundred and thirty-three patients with
NSCLC were included in the initial databank; however, 633
patients never presented CNS metastasis. Therefore, 311
patients with CNS metastases were included in this analysis
(Figure S1 in the Supplementary Appendix). Clinical
characteristics of the patients are shown in 7Zable 1.

Median age was 60 years IQR, 54-68 years) and 50.8%
were female. Nearly one third of the population was never
smoker. Two hundred and twenty-six (72.7%) patients had
an ECOG PS 0 or 1 and adenocarcinoma constituted the
most frequent histology (82.0%). Patients mostly presented
exclusive parenchymatous disease (92.3%). A known driver
mutation (EGFR, ALK or ROSI) was detected in 18.3% of
the patients.

Local therapy (radiotherapy, neurosurgery or intrathecal
chemotherapy) was most frequently chosen as the primary
approach to the CNS metastases and it was usually used
alone rather than concurrently with systemic modalities.
Whole brain radiotherapy (WBRT) was the most common
approach used (49.8%). When concurrent therapy was
chosen as the primary approach, chemotherapy was the
systemic modality most commonly given in combination
with some sort of local treatment (9.3%). Table 2 shows the
different modalities of therapy patients received after the
diagnosis of CNS metastasis.

The median intracranial progression-free survival was
7.1 months [95% confidence interval (CI), 6.1-8.6] and median
OS was 10.3 months (95% CI, 8.7-13.1 months) (Figure 1A4,B).
We compared the intracranial progression-free survival
and OS between patients with exclusively parenchymatous
lesions and those with leptomeningeal disease (with or
without brain parenchymatous lesions). We found a
statistically significant difference in both outcomes between
these subgroups: intracranial progression-free survival
was 2.5 months (95% CI, 1.4-6.4 months) for patients
with leptomeningeal disease and 7.6 months (95% CI,
6.4-8.9 months) for patients with exclusively parenchymatous
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Table 1 Clinical characteristics of enrolled patients

Variable Value
Age (years) 60 [54-68]
Sex

Male 153 (49.2)

Female 158 (50.8)
Smoking status®

Active smoker 76 (24.4)

Never smoker 100 (32.2)

Former smoker 124 (39.9)

Unavailable 11 (3.5)
Smoking load (pack-years) 32 [10-50]
Largest diameter of the largest lesion (mm) 15 [9-23]
Charlson Comorbidity Index 8 [7-9]
ECOG performance status

0-1 226 (72.7)

2-4 48 (15.4)

Unavailable 37 (11.9)
Histology

Adenocarcinoma 255 (82.0)

Non-Adenocarcinoma 42 (13.5)

Non evaluable 14 (4.5)
RPA

I 18 (5.8)

Il 271 (87.1)

M 22 (7.1)
GPA 1.5[1-2]
Site of metastasis

Parenchyma 287 (92.3)

Meninges 18 (5.8)

Parenchyma and Meninges 6(1.9)
Time of diagnosis®

Synchronous 239 (76.8)

Metachronous 72 (23.2)
Known driver mutation®

Yes 57 (18.3)

No 254 (81.7)

Table 1 (continued)
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Table 1 (continued)

Variable Value

Number of extracranial sites®

0 56 (18.0)
1 91 (29.3)
2 82 (26.4)
3 48 (15.4)
4 or more 34 (10.9)

Number of lesions in CNS

0° 18 (5.8)
1 95 (30.5)
2 38 (12.2)
3 24 (7.7)
4 or more 136 (43.7)

Data are shown as median [IQR] or frequency (%). a, see
supplementary material for definitions of categories; b, EGFR,
ALK or ROST; c, patients with exclusive meningeal disease.
IQR, interquartile range; ECOG, Eastern Cooperative Oncology
Group; RPA, recursive partitioning analysis; GPA, graded
prognostic assessment; CNS, central nervous system.

lesions (P<0.01); OS was 2.5 months (95% CI, 1.4-10.3 months)
for patients with leptomeningeal spread compared to
11 months (95% CI, 8.8-13.4 months) for patients with
brain lesions without leptomeningeal spread (P<0.01;
Figures S2,53, respectively, found in Supplementary
Appendix).

For OS, the adverse prognostic factors in univariate
analysis were: age, Charlson comorbidity index, the
largest diameter of the largest lesion, ECOG PS 2-4,
the absence of a known driver mutation, and the number
of extracranial metastatic sites. In multivariate analysis,
Charlson comorbidity index, the absence of known driver
mutation, ECOG PS 2—4, and the number of extracranial
metastatic sites remained as independent prognostic factors,
while metachronous brain metastasis was associated with
improved OS. Univariate and multivariate analyses for OS
are shown in 7able 3.

The prognostic factors statistically associated with
intracranial progression or death in univariate analysis were:
age, the largest diameter of the largest lesion, ECOG-PS
2-4, the absence of a known driver mutation, the number
of brain lesions, the number of extracranial metastatic
sites, and the time of the diagnosis of the CNS metastasis
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Table 2 Modalities of treatment applied after CNS metastasis in relation to the primary tumor diagnosis. The diagnosis
diagnosis of a metachronous brain metastasis, in opposition to a
Variable Value synchronous brain metastasis, was associated with a reduced
Type of treatment risk of intracranial progression or death. In multivariate
Local 199 (40.0) analys'ls, ECOG PS 2-4, the ab'sence of a 'known‘drlver
mutation and the number of brain metastasis remained as

Systemic 1769 independent predictors of poor intracranial disease-free
Local and Systemic 79 (25.4) survival, while the diagnosis of a metachronous metastasis to
Not treated 16 (5.1) the CNS remained as a harbinger of improved intracranial

, . progression-free survival. Univariate and multivariate
Systemic treatment only

analyses for intracranial progression-free survival are

Chemotherapy 10@2) presented in Tible S1 in Supplementary Appendix.
Tyrosine Kinase Inhibitor 7 (2.3) The two variables that most strongly contributed as
Immunotherapy 0(0) prognostic factors for OS were ECOG PS and the presence
Not aolicabl 278 (80.4) of a known driver mutation; hence the survival tree was

ot applicable . . .
PP generated based upon these variables. The third most
Not treated 16 (5.1) suitable variable was the number of brain lesions (Figure 2).
Concurrent systemic and local treatment? Based on these three variables, we could distribute patients
Chemotherapy 29 (9.3) in our cohort in four prognostic classes, according to a
Modified Recursive Partitioning Analysis (mRPA) (7able S2
Tyrosine Kinase Inhibitor 19 (6.1) . . . .

in Supplementary Appendix). Patients in mRPA class 1
Immunotherapy 4(1.3) (ECOG 0-1 and presence of a known driver mutation)
Not applicable 226 (72.7) had a median OS of 43 months; patients in mRPA class
Not treated 33 (10.6) II (ECOG 0-1 and no driver mutation, and single brain

metastasis) had a median OS of 18 months; median OS

Upfront systemic treatment for patients in mRPA class III (ECOG 0-1 and no driver

Chemotherapy 22/(7.7) mutation, and >1 brain metastasis) was 9.3 months; patients
Tyrosine kinase inhibitor 4(1.3) in mRPA class IV (ECOG 2-4) had only 3.1 months of OS.
Immunotherapy 1(0.3) Survival curves according to mRPA are shown in Figure 3.

OS was not different for patients classified as RPA

Not applicable 251(80.7) class I and II in our cohort (16.4 vs. 13.0 months; HR 1.3;
Not treated 33(10.6) 95% CI, 0.57-2.96; P=0.53); however, OS for patients
Type of local treatment classified as RPA class III was significantly inferior
WERT 155 (49.8) (1.3 months; HR 6.46; 95% CI, 2.42-17.26; P<0.01)
(Table S3 in Supplementary Appendix). When we classified

Radiosurgery 72(e32) our cohort according to GPA, we found that patients with
WBRT + radiosurgery 3(1.0) GPA score 1.5-2.5 had a statistically superior OS compared
Neurosurgery 13 (4.2) to patients with GPA score 0-1 (13.3 vs. 7.1 months; HR
Neurosurgery + radiotherapy 26 (8.4) 0.69; 95% CI, 0.5-0.97; P=0.03). Patients with GPA score
3 achieved 29.5 months of OS (95% CI, 7.9-NR); however,

Intrathecal chemotherapy 723 this was not statistically significant when compared
Intrathecal chemotherapy + radiotherapy 2(0.6) to patients with GPA score 0-1 (HR 0.36; 95% CI,
Not treated 33 (10.6) 0.13-1.01; P=0.053). Besides, patients with GPA score >3
Data are shown as number (%). °, see supplementary appendix had a numerically inferior OS when compared to patients
for definition of categories. CNS, central nervous system; WBRT, with GPA score 3 (19.5 vs. 29.5 months) (Tuble S4 in
whole brain radiotherapy. Supplementary Appendix). It should be noticed that there
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Figure 1 Kaplan-Meier curves of intracranial progression-free survival (A) and overall survival (B) in the studied population.

were only 16 patients with GPA score 3 or >3 (8 patients in
each subgroup).

The prognostic stratification in our population was
better described with mRPA than with RPA or GPA. The
mRPA presented an increased concordance (C-statistic
=0.65) when compared to RPA (C-statistic =0.56) and GPA
(C-statistic =0.59). Also, the AIC analysis demonstrated
better performance of the mRPA (AIC =1,328.4) when
compared to RPA (AIC =1,344.1) and GPA (AIC =1,356.1).
These findings held true after nonparametric Bootstrap
(1able S5 in Supplementary Appendix).

Discussion

CNS metastases from NSCLC were a common event in our
cohort. Thirty-three percent of NSCLC patients presented
CNS spread, either at diagnosis or later in the course of the
disease. This frequency is similar to what has been reported
in other studies (2,34). The higher frequency of patients
with adenocarcinoma histology possibly reflects the increase
in incidence and prevalence of this subtype in last decades,
in contrast with the drop of squamous cell carcinoma and
other NSCLC histologies (35). On the other hand, it can
also indicate that lung adenocarcinomas have a greater
tropism for the CNS than other histologies. The median age
at diagnosis of CNS spread in our cohort was similar to other
populations and it was lower than the median age of patients
diagnosed with NSCLC without brain metastases (2).

© Journal of Thoracic Disease. All rights reserved.

Median OS in our cohort was longer than expected.
In an analysis of patients with brain metastases from
NSCLC treated with chemotherapy across Europe, OS was
7.2 months and OS among all patients (with and without
CNS metastases) was 10.3 months (2). A retrospective
Canadian series has also found an OS of 7.8 months (36).
The OS in our cohort was comparable only to a German
retrospective study in which all patients had their brain
metastases and primary tumors resected (11.2 months) (37),
and to metastatic NSCLC patients treated with
chemotherapy and bevacizumab (9.3 months) or TKIs
(10.3 months) (38). It should be pointed out that the
minority of our patients had their brain lesions resected
(4.1%) or received TKIs as the initial treatment to their
CNS metastases (2.2%). The improvements in OS observed
in this study might reflect the changes in staging procedures
and the availability of better antineoplastic and supportive
treatments during the study period.

Some of the adverse prognostic factors found in the
multivariate analyses, such as the presence and the number
of extracranial metastases and the performance status, were
also described in other series (39,40). The association of
metachronous brain metastases with better OS was also
reported by Enders et 2. (37), although, in their study,
this association was not statistically significant. The
development of a metachronous brain metastasis might
reflect a disease with less aggressive biological behavior or
more sensitive to systemic treatment, which translates into
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Table 3 Univariate and multivariate analyses for overall survival®
Univariate analysis Multivariate analysis®
Variable N®
HR (95% Cl) P HR (95% ClI) P

Age 287 1.02 (1.01-1.03) <0.01 1.00 (0.98-1.02) 0.57
Charlson Comorbidity Index 287 1.13 (1.04-1.22) <0.01 1.14 (1.02-1.28) <0.01
Largest diameter of largest lesion 255 1.018 (1-1.03) <0.01 1.01 (0.99-1.03) 0.06
Smoking status® 278

Active Smoker 1 1

Never Smoker 0.73 (0.5-1.06) 0.1 0.92 (0.58-1.45) 0.72

Former Smoker 0.81(0.58-1.14) 0.24 0.77 (0.47-1.29) 0.29
ECOG performance status 252

0-1 1 1

2-4 2.36 (1.63-3.42) <0.01 2.12 (1.40-3.20) <0.01
Histology 274

Non adenocarcinoma 1 - -

Adenocarcinoma 0.83 (0.56-1.24) 0.38 - -
Known driver mutation® 278

Yes 1 1

No 2.41 (1.5-3.87) <0.01 3.30 (1.85-5.90) <0.01
Time of diagnosis® 287

Synchronous 1 1

Metachronous 0.73 (0.52-1.01) 0.06 0.63 (0.42-0.96) 0.03
Number of lesions in CNS 287

1 1 1

2 0.89 (0.55-1.43) 0.63 0.96 (0.56-1.64) 0.89

3 1.52 (0.89-2.6) 0.12 1.31 (0.70-2.44) 0.38

4 or more 1.16 (0.84-1.59) 0.34 1.38 (0.90-2.10) 0.13
Number of extracranial sites® 287

0 1 1

1 1.47 (0.95-2.27) 0.08 2.17 (1.21-3.88) <0.01

2 1.58 (1.01-2.45) 0.04 1.87 (1.05-3.32) 0.03

3 1.34 (0.79-2.26) 0.26 1.56 (0.78-3.11) 0.20

4 or more 2.43 (1.44-4.1) <0.01 2.81 (1.45-5.44) <0.01

¢, patients with meningeal carcinomatosis, and without complete data were not included; ® number of patients with complete data for
each variable in univariate analysis; °, two hundred and eighteen patients were included for multivariate analysis; ¢, EGFR, ALK or ROST;
¢, see supplementary appendix for definition of categories. HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology

Group; CNS, central nervous system.
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Figure 2 Survival tree for overall survival in patients with exclusive brain parenchymatous disease. ECOG, Eastern Cooperative Oncology
Group; CNS, central nervous system.
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a longer control of extracranial metastases. Since late 90’s,
the control of extracranial disease has been recognized as an
important prognostic factor for OS in patients with brain
metastases from NSCLC (33).

In our cohort, RPA was ineffective in discriminating
prognosis among patients classified as class I and class II.
Additionally, patients in these classes had an OS longer
than expected. It should be noted that the population upon
which RPA was developed did not include patients solely
with lung cancer (nearly 30% had other primary tumors,
mainly breast cancer) (33), whilst our cohort included
exclusively NSCLC patients. The factors associated with
survival for other malignancies metastatic to the brain differ
from those of lung cancer (32), what can explain, at least
partially, the differences between the expected and observed
survival time.

However, even when using NSCLC GPA (32), OS in our
cohort did not conform to what was expected and patients
with GPA score 3 had longer OS than patients with GPA
score >3. Although specific for NSCLC, the database for
GPA included patients treated from 1985 to 2007, while our
database included patients treated between 2007 and 2017.
The knowledge about the molecular biology of NSCLC has
experienced a remarkable evolution during the recent years
and, consequently, new treatments became available, leading
to an improvement in prognosis. Therefore, GPA may no
longer reflect the prognosis of patients with NSCLC and
brain metastases.

Noteworthy, GPA has been recently updated and now
includes the presence or absence of driver mutations (EGFR
mutations or ALK rearrangements) as prognostic factors
(the LungMol-GPA) (41). Patients with 3.5-4 points in
the LungMol-GPA (i.e., patients with a good performance
status and a driver mutation) achieve 46 months of median
OS, which is similar to the OS observed for patients in
mRPA class I in our cohort (43 months). Another similarity
between LungMol-GPA and mRPA is that when a patient
has a good performance status and a driver mutation, the
number of brain metastases loses relevance as a prognostic
factor.

Regardless of the presence of a driver mutation, poor
performance status is strongly associated with a shorter OS,
usually no longer than 3 months, which can be observed in
RPA (33), GPA (32), LungMol-GPA (41) and in our model
as well. This reinforces the recommendation to treat such
patients with best supportive care exclusively, since active
treatment is unlikely to add any benefit in terms of OS.
For instance, it has been demonstrated that best supportive
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care alone was non-inferior to radiation therapy plus best
supportive care in patients with poor performance status;
moreover, brain irradiation was associated with more toxic
effects (3).

Patients with meningeal disease had only 2.5 months
of median OS, similar to the results of a Canadian
retrospective series, in which patients had a median OS of
3 months (42). In this analysis, WBRT had no impact on
OS, but patients who received intrathecal chemotherapy
(n=6) achieved 18 months of OS. It is not possible to draw
definitive conclusions based on these data, given the small
number of patients and its retrospective nature; however,
it is clear that, despite improvements in diagnosis and
therapeutics of NSCLC, meningeal carcinomatosis still
carries a dismal prognosis (43).

This study has some limitations. It is a retrospective
analysis with possible biases inherent to this type of study.
Patients were treated in a single reference cancer center
and the data presented herein might not reflect the reality
of other centers in Brazil. Furthermore, we could not
perform a central review of the images and there is some
degree of overfitting in the proposed prognostic model.
However, this work includes a considerably large number
of patients, which gives robustness to the data. Additionally,
these patients represent real-life data gathered during
10 years from a national reference cancer center in Brazil.
At last, we propose a new prognostic model that can assist
physicians in deciding the best treatment approach for
patients with brain metastases from NSCLC. Nevertheless,
we acknowledge this model is exploratory and needs further
external validation.

In conclusion, intracranial progression-free survival
and OS in our cohort were better than previously reported
in literature, possibly reflecting recent improvements in
NSCLC treatment. ECOG performance status and the
presence of a driver mutation have a major impact on OS
of NSCLC patients with brain metastases. The Modified
Recursive Partitioning Analysis outperformed RPA and
GPA predicting OS in our cohort.
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Detailed inclusion and exclusion criteria

Inclusion criteria

@
)

(1)
av)

Histologically or cytologically proven diagnosis of
non-small cell lung cancer (NSCLC);

Evidence (by imaging, pathological, or cytological
analysis) of central nervous system (CNS) metastatic
spread (parenchymatous and/or leptomeningeal),
either at diagnosis or later in the course of disease;
Age at diagnosis of CNS metastasis >18 years;
Treatment of NSCLC initiated at A.C. Camargo
Cancer Center;

Patients who received any treatment, including
best supportive care only.

Exclusion criteria

)

Patients with any of the diagnosis below:

(1) Small cell lung cancer;

(i) Large cell neuroendocrine carcinoma of the lung;

(iil) Typical or atypical neuroendocrine tumor of the

I

(I

V)

(VD)

lung;

Patients with a secondary malignant neoplasia
diagnosed either concomitantly or up to 5 years
before the diagnosis of NSCLC;

Patients who did not receive treatment for
NSCLC at A. C. Camargo Cancer Center (e.g.,
patients who came for a second opinion);
Patients whose CNS lesions were considered
to be related to another pathology (e.g., CNS
infections, other malignant neoplasia);

Patients with no more than two visits at A. C.
Camargo Cancer Center;

Patients whose medical records were deemed
insufficient.

Definition of categories

)

an

(I1D)

)

VD

(VI

Active smoker—a patient who was actively
smoking tobacco at the time of diagnosis of
NSCLC or who had stopped up to 3 months
before the diagnosis of NSCLC.

Former smoker—a patient who stopped smoking
tobacco at least 3 months before the diagnosis of
NSCLC.

Synchronous diagnosis—the diagnosis of CNS
metastasis occurred at the time of diagnosis of
NSCLC or up to 3 months after the diagnosis
of NSCLC. The diagnosis of a CNS lesion that
ultimately led to the diagnosis of NSCLC was
also considered synchronous.

Metachronous diagnosis—the diagnosis of CNS
metastasis occurred at least 3 months after the
diagnosis of NSCLC.

Number of extracranial sites—lesions that occurred
in an organ bilaterally (e.g., lungs, adrenals) were
counted as one site. Bones were counted as one
site, no matter how many bones were involved.
Systemic treatment only—whenever a patient
received only systemic treatment as the first-line of
therapy for the CNS metastasis (without association
of a local treatment). If at intracranial progression
a local treatment was administered, this was also
considered as “systemic treatment only”.
Concurrent systemic and local treatment—
whenever the local treatment was initiated on
the first day of the first cycle of the systemic
treatment or between the first and second cycle of
the systemic treatment. If the systemic treatment
was a tyrosine-kinase inhibitor, the local treatment
was considered to be given concomitantly if
administered within the first 30 days of the
tyrosine-kinase inhibitor.

Upfront systemic treatment—whenever a
modality of systemic treatment was given alone as
the first-line therapy for the CNS metastasis and
a local treatment was associated after the second
cycle of chemotherapy or immunotherapy, or after
30 days of initiation of a tyrosine-kinase inhibitor.



1,792 patients excluded

e Other diagnosis than
NSCLC

* Not treated at A.C.
Camargo Cancer Center

e Stage |-l that did
not present distant
metastases during
follow-up

® Second primary
malignancy diagnosed
less than 5 years of
NSCLC diagnosis

2,725 patients
ICD-10 C34

933 patients included
in the initial databank

622 patients without
CNS metastases

311 patients included

in the final analysis

Figure S1 Patient selection flowchart. ICD-10, international classification of diseases 10th revision; CNS, central nervous system.
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Curves were calculated by the Kaplan-Meier method.
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Table S1 Univariate and multivariate analyses for intracranial progression-free survival'

Univariate analysis

Multivariate analysis®

Variable N®
HR (95% ClI) P HR (95%Cl) P

Age 287 1.01 (1-1.02) 0.01 1.00 (0.98-1.02) 0.46
Charlson Comorbidity Index 287 1.06 (0.98-1.15) 0.1 1.03 (0.89-1.19) 0.61
Largest diameter of largest lesion 255 1.01 (1-1.02) 0.01 1.00 (0.99-1.02) 0.24
Smoking status® 278 - -

Active smoker 1 - -

Never smoker 0.89 (0.63-1.26) 0.52 - -

Former smoker 0.85 (0.61-1.19) 0.36 - -
ECOG performance status 252

0-1 1 1

2-4 2.12 (1.49-3.03) <0.01 2.36 (1.62-3.42) <0.01
Histology 274

Non-adenocarcinoma 1 - -

Adenocarcinoma 0.91 (0.62-1.32) 0.62 - -
Known driver mutation® 287

Yes 1 1

No 1.78 (1.2-2.66) <0.01 2.26 (1.41-3.61) <0.01
Time of diagnosis® 287

Synchronous 1 1

Metachronous 0.63 (0.46-0.88) <0.01 0.51 (0.35-0.76) <0.01
Number of lesions in CNS 287

1 1 1

2 0.97 (0.62-1.51) 0.9 1.21 (0.74-1.98) 0.43

3 1.76 (1.07-2.91) 0.02 2.25(1.30-3.88) <0.01

4 or more 1.06 (0.79-1.43) 0.66 1.33 (0.93-1.90) <0.01
Number of extracranial sites® 287

0 1 1

1 1.32 (0.88-1.97) 0.17 1.30 (0.77-2.18) 0.31

2 1.57 (1.04-2.36) 0.03 1.42 (0.85-2.37) 0.17

3 1.15(0.71-1.87) 0.55 0.96 (0.51-1.82) 0.92

4 or more 1.89 (1.15-3.11) 0.01 1.43 (0.78-2.61) 0.24

2 patients with meningeal carcinomatosis, and without complete data were excluded; °, number of patients with complete data for each
variable in univariate analysis; °, two hundred and eighteen patients were included for multivariate analysis; 9 EGFR, ALK or ROST;
¢, see supplementary appendix for definition of categories. HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology
Group; CNS, central nervous system.



Table S2 Overall survival, according to modified recursive partitioning analysis (nRPA) classes’

Class Prognostic factors Overall survival (months) (95% Cl) HR (95% CI) P

| ECOG 0-1, known driver mutation® 43 (16.1-NR) 1

Il ECOG 0-1, no driver mutation® 1 Brain Lesion 18 (12-29.5) 2.01 (1.01-3.99) 0.04
I} ECOG 0-1, no driver mutation® >1 brain lesion 9.6 (7.5-12.6) 3.39 (1.79-6.43) <0.01
I\ ECOG 2-4 3.1 (2-7.1) 6.08 (3.06-12.10) <0.01

HR, hazard ratio; Cl, confidence interval; NR, not reached. ®, patients with meningeal carcinomatosis, and without complete data were not
included; °, EGFR, ALK or ROST.

Table S3 Overall survival, according to recursive partitioning analysis (RPA) classes®

Class N Events Overall survival (months) (95% CI) HR (95% Cl) p

| 9 6 16.4 (3.1-NR) 1

Il 195 131 13 (9.5-14.4) 1.3 (0.57-2.96) 0.53
Il 14 13 1.3 (0.6-2.8) 6.46 (2.42-17.26) <0.01

?, patients with meningeal carcinomatosis, and without complete data were not included. N, number of patients; HR, hazard ratio; Cl,
confidence interval; NR, not reached.

Table S4 Overall survival, according to the graded prognostic assessment (GPA) score”

GPA score N Events Overall Survival (months) (95% ClI) HR (95% ClI) P
0-1 92 66 7.1 (3.1-11.6) 1

1.5-2.5 110 75 13.3(9.7-17.1) 0.69 (0.5-0.97) 0.03
3 8 4 29.5 (7.9-NR) 0.36 (0.13-1.01) 0.053
>3 8 5 19.5 (6.9-NR) 0.38 (0.15-0.97) 0.04

“, patients with meningeal carcinomatosis, and without complete data were not included. N, number of patients; HR, hazard ratio; Cl,
confidence interval; NR, not reached.

Table S5 Prognostic performance of mRPA, RPA, and GPA

Statistic mRPA RPA GPA
AIC 1,328.4 1,344.1 1,356.1
C-statistic 0.65 0.56 0.59
Bootstrap C-statistic (test dataset) 0.65 0.56 0.58
Bias-corrected Bootstrap C-statistic 0.65 0.56 0.59

mRPA, modified recursive partitioning analysis; RPA, recursive partitioning analysis; GPA, graded prognostic assessment; AIC, Akaike
information criteria.



