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Neurological Symptom Burden Impacts Survival Prognosis
in Patients With Newly Diagnosed Non-Small Cell Lung Cancer
Brain Metastases
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Karin Dieckmann, MD>* Josa M. Frischer, MD 23 Thomas Klikovits, MD?®; Sabine Zéchbauer-Miiller, MD"%;
Anna Grisold, MD®; Mir Ali Reza Hoda, MD, PhD?%; Christine Marosi, MD"?; Georg Widhalm, MD?3;
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BACKGROUND: Brain metastases (BM) are a frequent complication of advanced cancer and are characterized by a variety of neurological
symptoms. Although the presence of neurological symptoms is included in the response assessment in patients with primary brain tumors,
to the authors’ knowledge little is known regarding the prognostic impact of neurological symptoms in patients with BM. METHODS: Patients
with newly diagnosed BM from non-small cell lung cancer were identified from the Vienna Brain Metastasis Registry and were evaluated
according to the incidence, distribution, and prognostic impact of neurological symptoms at the time of diagnosis of BM. RESULTS: A total
of 1608 patients (57.3% male and 42.7% female; median age, 62 years) were available for further analyses. Neurological symptoms including
focal deficits (985 patients; 61.3%), signs of increased intracranial pressure (483 patients; 30.0%), epileptic seizures (224 patients; 13.9%),
and neuropsychological symptoms (233 patients; 14.5%) were documented in 1186 of the 1608 patients (73.8%). Patients with asymptomatic
BM presented with a longer median overall survival after the diagnosis of BM compared with patients with symptomatic BM (11 months vs
7 months; P < .001). In multivariate analysis with a diagnosis-specific graded prognostic assessment (hazard ratio, 1.41; 95% Cl, 1.33-1.50
[P < .001]), the presence of neurological symptoms (hazard ratio, 1.39; 95% Cl, 1.23-1.57 [P < .001]) was found to be independently associated
with survival prognosis from the time of diagnosis of BM. CONCLUSIONS: Neurological symptoms at the time of BM diagnosis demonstrated
a strong and independent association with survival prognosis. The results of the current study have highlighted the need for the integra-
tion of the presence of neurological symptoms into the prognostic assessment of patients with BM from non-small cell lung cancer. Cancer
2020;126:4341-4352. © 2020 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open
access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

LAY SUMMARY:

¢ Neurological symptom evaluation is included regularly in the assessment of patients with primary brain tumors. However, to the
authors’ knowledge, little is known regarding the prognostic impact in patients with newly diagnosed brain metastases (BM).

¢ The current study has provided a detailed clinical characterization of the incidence, distribution, and prognostic impact of neurological
symptoms in a large, real-life cohort of patients with BM from non-small cell lung cancer.

¢ In this cohort, neurological symptoms at the time of diagnosis of BM demonstrated a strong, independent prognostic impact on the
survival prognosis.

¢ The results of the current study have highlighted the need for the integration of neurological symptom burden into the prognostic as-
sessment of patients with BM from non-small cell lung cancer.

KEYWORDS: neurological assessment, neurological symptoms, prognostic factors in brain metastases, survival prognosis in symptomatic
brain metastases, symptomatic burden.

INTRODUCTION

Brain metastases (BM) are associated with a wide range of neurological symptoms, including signs of increased intracra-
nial pressure as well as focal deficits such as vertigo, neurocognitive impairment, seizures, dysphasia, motor weakness,
and ataxia.'” Historical series have indicated that up to 80% of patients present with considerable symptoms, even in
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the presence of only a single BM. In patients with pri-
mary brain tumors, the symptomatic burden is measured
using the Neurologic Assessment in Neuro-Oncology
(NANO) scale and regularly is included in the Response
Assessment in Neuro-Oncology (RANO) guidelines for
primary brain tumors.”

However, in patients with BM, the prognostic as-
sessment and the resulting treatment decisions rely mainly
on clinical factors, including the histology of the primary
tumor, the number and size of BM, the presence of the
primary tumor, and the age of the patient.” Several recent
clinical trials specifically included patients with asymp-
tomatic BM from non-small cell lung cancer (NSCLC)
and demonstrated the promising clinical activity of tar-
geted therapies also within the context of BM.%' Indeed,
a risk-stratified treatment approach is of particular impor-
tance in the population of patients with BM because sut-
vival ranges from a few weeks to several months and even
years."" Consequently, not only efficacy but also short-
term as well as long-term toxicities need to be considered
in treatment planning.'®"? Therefore, further insight into
the incidence and clinical impact of symptomatic burden
in patients with BM is needed to guide the further devel-
opment of clinical trials in this population of particular
high clinical need.'” To our knowledge, no systematic
evaluation of neurological symptoms in newly diagnosed
patients with BM from NSCLC with regard to the prog-
nostic impact has been performed to date. In the current
study, we took advantage of the Vienna Brain Metastasis
Registry, allowing for the evaluation of neurological
symptoms in a real-life cohort of patients with NSCLC
BM who were recruited over a period of over 30 years.""

MATERIALS AND METHODS

Patients

The medical files of patients who were treated for newly
diagnosed NSCLC BM between 1986 and 2019 at the
Medical University of Vienna were retrieved from the
Vienna Brain Metastasis Registry.'' All clinical charac-
teristics were evaluated retrospectively by chart review.
Written results from computed tomography (CT) or
magnetic resonance imaging were used for the initial diag-
nosis as well restaging of BM. If both imaging procedures
were available, magnetic resonance imaging results were
preferred for intracranial staging. If no written reports
were available, the localizations and sizes of the BM were
considered as not precisely given and therefore recorded
as “missing.” The diagnosis-specific graded prognostic as-
sessment (DS-GPA) for lung cancer was calculated based
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on clinical characteristics as published previously, includ-
ing age, number of BM, status of extracranial disease, and
Karnofsky performance status.'* Synchronous diagnosis
was defined as the diagnosis of the primary tumor and
BM within 30 days. Extracranial and intracranial restag-
ing was performed routinely every 2 to 4 months from
the time of diagnosis of the primary tumor until death
or time of last follow-up. Disease status at the end of life
was evaluated based on the last available complete restag-
ing including extracranial as well as intracranial imaging
within a time period of 60 days before death. Death due
to intracranial disease progression was indicated in the ab-
sence of extracranial disease progression but an increase
in the intracranial tumor burden. In contrast, death due
to extracranial disease progression was defined in the ab-
sence of intracranial disease progression but an increase in
extracranial tumor burden at the time of the last restag-
ing. Patient data were collected in a password-secured da-
tabase and handled anonymously. The study and the data
collection were approved by the ethics committee of the
Medical University of Vienna (vote 078/2004).

Evaluation of Neurological Symptoms

A clinical examination and history with regard to the
neurological status of patients were performed routinely
at the time of diagnosis of BM and documented in the
patients’ charts. Patients were categorized as symptomatic
if any neurological symptom in relation to the diagnosed
BM was documented in the patient file at the time of
diagnosis of BM. Patients with neurological symptoms
due to any other disease present before the diagnosis
of BM were excluded from the analysis. Neurological
symptoms were defined as the presence of either focal
deficits, signs of increased intracranial pressure, epilep-
tic seizures, or neuropsychological symptoms. Signs of
increased cranial pressure were defined as the presence
of >1 of the following: headache, nausea, or emesis as
published previously.">""” Neuropsychological symptoms
were defined as memory disorder, cognitive impairment,
or organic brain disorder. In the event of memory prob-
lems or episodes of forgetfulness at the time of diagnosis
of BM, symptoms were summarized as memory disor-
ders. Cognitive impairment was defined in the event of
slow thinking and processing of information at the time
of BM diagnosis. In the event of hallucinations, delu-
sions, personality changes, or delirium, symptoms were
summarized as an organic brain disorder. Table 1 lists all
evaluated neurological symptoms in detail. The patient
was defined as asymptomatic in the event of absent neu-
rological symptoms at the time of diagnosis of BM. BM
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TABLE 1. Neurological Symptoms Evaluated at the
Time of BM Diagnosis

TABLE 2. Patient and Clinical Characteristics of the
Entire Study Population (N =1608)

Focal deficits
Ataxia
Vertigo
Motor disorders
Paresis of one extremity
Hemiparesis
Facial nerve palsy
Cranial nerve palsy
Hypesthesia
Aphasia
Signs of increased intracranial pressure
Headache
Nausea and emesis
Epileptic seizures
Generalized seizures
Focal seizures
Neuropsychological symptoms
Memory disorder
Cognitive impairment
Organic brain disorder

Abbreviation: BM, brain metastases.

diagnosis through screening and/or staging was defined
as BM diagnosis in an asymptomatic patient.

Statistical Analysis

Opverall survival (OS) from the time of diagnosis of the
primary tumor was defined as time from the initial his-
tological diagnosis of the primary tumor to death or last
follow-up. OS from the time of BM diagnosis was de-
fined as the time from the initial radiological diagnosis
of BM to death or last follow-up. Brain metastatic-free
survival was defined as the time from the diagnosis of
the primary tumor to the radiological diagnosis of BM.
Patients with a synchronous diagnosis (within 30 days) of
primary tumor and BM were excluded from analysis in-
vestigating the brain metastatic-free survival period. The
Kaplan-Meier product-limit method was used to estimate
OS. To estimate OS differences between groups, the log-
rank test was used. Parameters according to neurologi-
cal symptoms with a statistically significant association
with survival prognosis in the univariate analysis were
included separately in a multivariate analysis with the
DS-GPA using the Cox proportional hazards model. A
2-tailed P value <.05 was considered to indicate statistical
significance. Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS) version
23.0 software.

RESULTS

Patient Characteristics

A total of 1608 patients (922 males [57.3%] and 686
females [42.7%]) with newly diagnosed BM from NSCLC
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Entire Population
Characteristics at the Time of BM R

Diagnosis No. %
Sex
Male 922 57.3
Female 686 42.7
Y of BM diagnosis
1986-1999 146 9.1
CT imaging at BM diagnosis 80 5.0
MRT imaging at BM diagnosis 66 4.1
2000-2009 636 40.0
2010-2019 826 50.9
Symptoms at BM diagnosis
Present 1186 73.8
Absent (diagnosis during screening) 422 26.2
Focal deficits
Present 985 61.3
Motor disorders 486 30.2
Motor disfunction of 1 extremity 205 12.7
Hemiparesis 220 13.7
Facial nerve palsy 61 3.8
Ataxia 95 5.9
Cranial nerve palsy 204 12.7
Hypesthesia 124 7.7
Aphasia 164 10.2
Vertigo 481 29.9
Absent 623 38.7
Signs of increased intracranial pressure
Present 483
Headache 397 24.7
Nausea and emesis 231 14.3
Absent 1125 75.3
Seizures
Present 224 13.9
Generalized seizures 123 7.6
Focal seizures 91 3.1
Generalized and focal seizures 10 0.6
Absent 1384 86.1
Neuropsychological symptoms
Present 233 14.5
Organic brain disorder 125 7.8
Cognitive impairment 87 5.4
Memory disorders 87 5.4
Absent 1375 85.5

Abbreviations: BM, brain metastases; CT, computed tomography; MRI,
Magnetic resonance imaging .

were available for further analysis. The median age of
the patients at the time of diagnosis of BM was 62 years
(range, 27-88 years). Of the 1608 patients, 875 (54.4%)
presented with a synchronous diagnosis of BM and pri-
mary tumor, whereas 733 patients (45.6%) subsequently
were diagnosed with BM. Of 529 patients (32.9%) with
adenocarcinoma, information regarding ALK or EGFR
mutational status was available. Of these 529 patients, 94
(17.8%) presented with EGFR-mutated NSCLC and 23
(4.3%) presented with ALK-mutated NSCLC. The me-
dian BM-free survival from the time of diagnosis of the
primary tumor to the diagnosis of BM was 13 months
(range, 1-293 months). Table 2 and Supporting Table 1
list additional patient characteristics.
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Neurological Symptoms at the Time of
Diagnosis of BM

Of the 1608 patients, 1186 patients (73.8%) presented
with neurological symptoms at the time of diagnosis
of BM, whereas 422 patients (26.2%) presented with
asymptomatic brain metastatic disease that was diagnosed
during screening and/or staging procedures in the absence
of any BM-specific symptoms. In more detail, approxi-
mately 61.3% of the 1608 patients (985 patients) pre-
sented with focal deficits, 30.0% (483 patients) presented
with signs of increased intracranial pressure, 14.5% (233
patients) presented with neuropsychological symptoms,
and 13.9% (224 patients) presented with epileptic sei-
zures. None of the included patients presented with a loss
of consciousness except during epileptic seizures.

Focal deficits

The most commonly observed neurological deficit
was motor disorders in 486 of 1608 patients (30.2%).
Hemiparesis was evident in 220 patients (13.7%) fol-
lowed by paresis of 1 extremity (205 patients; 12.7%)
and facial nerve palsy (61 patients; 3.8%). A total of 164
of 1608 patients (10.2%) presented with aphasia, 124
(7.7%) presented with hypesthesia, and ataxia was present
in 95 of 1608 patients (5.9%).

Signs of increased intracranial pressure

A rtotal of 454 of 1608 patients (28.2%) presented with
at least 1 sign of increased intracranial pressure. Headache
was present in 400 patients (24.9%), and nausea and/or
emesis was reported in 231 patients (14.4%).

Epileptic seizures

A total of 224 of 1608 patients (13.9%) presented with
epileptic seizures, including 123 patients (7.6%) with gen-
eralized seizures, 91 patients (5.6%) with focal seizures,
and 10 patients (0.6%) with focal and generalized seizures.

Neuropsychological symptoms
A total of 233 of 1608 patients (14.5%) presented with
neuropsychological symptoms, including organic brain
syndrome in 125 patients (7.8%) as well as memory dis-
orders and cognitive impairment in 87 patients (5.4%).
Additional patient and clinical characteristics pre-
sented are listed in Table 2, Supporting Table 1, and
Figure 1A.

Characteristics Associated With Neurological
Symptoms at the Time of BM Diagnosis

The percentage of patients diagnosed with asympto-
matic disease through screening and/or staging imaging
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constantly increased throughout the inclusion period
from 1986 to 2019. Of the 146 of 1608 patients (9.1%)
diagnosed between 1986 and 1999, 4 patients (2.7%)
presented with asymptomatic BM disease. In compari-
son, 152 of 636 patients (23.9%) who were diagnosed
between 2000 and 2009 and 266 of 826 patients (32.2%)
who were diagnosed between 2010 and 2019 were diag-
nosed with an asymptomatic BM status (P < .001, chi-
square test) (Fig. 1B) (Table 3).

Although the presence of neurological symptoms
was found to be irrespective of the number of BM as
well as the localization of the BM (P > .05, chi-square
test) (Table 3), the size of the BM at the time of diag-
nosis demonstrated a significant association with neu-
rological symptoms. Of 364 of 1608 patients (22.6%)
with at least 1 BM measuring >3 cm, 94.2% (343 of
364 patients) presented with neurological symptoms at
the time of BM diagnosis. In comparison, among the
1107 of 1608 patients (68.8%) presenting only with
BM measuring <3 cm, only 66.8% (740 of 1107 pa-
tients) were found to demonstrate symptomatic BM
disease (P < .001, chi-square test) (Fig. 1C) (Table 3).
Furthermore, the presence of leptomeningeal carcino-
matosis at the time of diagnosis of BM was found to
be significantly associated with neurological symptoms.
Approximately 90.5% of the patients with leptomenin-
geal spread (38 of 42 patients) presented with neuro-
logical symptoms compared with 4 of 42 patients with
asymptomatic disease (10%) despite the radiological
presence of leptomeningeal carcinomatosis (P = .013)

(Table 3).

Impact of Neurological Symptoms on
Clinical Course
The applied initial treatment approach differed between
patients with symptomatic and patients with asymp-
tomatic BM. Stereotactic radiosurgery (SRS) was per-
formed statistically significantly more frequently as the
initial treatment approach in patients with asymptomatic
BM compared with patients with symptomatic BM
(73.2% vs 43.9%; P < .001, chi-square test) (Fig. 1D)
(Table 3). Neurosurgical resection was statistically signifi-
cantly more frequently performed in patients with symp-
tomatic BM (35.1% vs 5.0%; P < .001, chi-square test)
(Fig. 1D) (Table 3). Moreover, in approximately 54.4%
of patients with signs of increased intracranial pressure,
neurosurgical resection was performed as the initial treat-
ment approach for BM.

Furthermore, treatment approaches changed over
the decades according to the presence of asymptomatic
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FIGURE 1. (A) Presence of neurological symptoms at the time of diagnosis of brain metastases (BM) according to (B) year of
BM diagnosis, (C) clinical characteristics at the time of BM diagnosis, (D) initial BM-directed treatment approaches, and (E) time
to intracranial disease progression after BM-directed therapy. NSCLC indicates non-small cell lung cancer; SRS, stereotactic
radiosurgery; WBRT, whole brain radiotherapy.

and symptomatic BM (see Supporting Table 2) (see patients) were treated with neurosurgical resection,
Supporting Fig. 1A). Between 1986 and 1999, approx- whereas 9.9% of patients (14 of 142 patients) under-
imately 82.4% of symptomatic patients (117 of 142 went SRS as their initial treatment approach (P = .008,
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FIGURE 1. (Continued).

chi-square test) (see Supporting Table 2) (see Supporting
Fig. 1A). In comparison, between 2010 and 2019, ap-
proximately 20.9% of symptomatic patients (117 of
560 patients) underwent a neurosurgical resection,
whereas 47.0% (263 of 560 patients) were treated with
SRS (P < .001, chi-square test) (see Supporting Table 2)
(see Supporting Figs. 1A and 1B). In asymptomatic pa-
tients, the application of whole brain radiotherapy and
systemic treatment as the initial treatment approach at
the time of diagnosis of BM increased over the decades.
Approximately 3.3% of patients (5 of 152 patients) were
treated with systemic therapy as the initial treatment
approach between 2000 and 2009, and 6% (16 of 266
patients) were treated with systemic therapy as the ini-
tial treatment approach between 2010 and 2019. Nine
of 152 patients (5.9%) were treated with whole brain
radiotherapy between 2000 and 2009 at the time of the
initial BM diagnosis, compared with 42 of 266 patients

4346

(15.8%) between 2010 and 2019 (P < .001, chi-square
test) (see Supporting Table 2) (see Supporting Figs. 1A
and 1B).

Intracranial (70.6% vs 29.4%; P = .014, chi-square
test) (Fig. 1C) (Table 3) as well as extracranial (71.0% vs
29.0%; P = .027, chi-square test) (Fig 1C) (Table 3) dis-
ease progression was observed more frequently in patients
with symptomatic BM compared with patients with as-
ymptomatic BM. The median time to intracranial dis-
ease progression from first-line BM-directed treatment
was 7 months (range, 0-71 months) in symptomatic
patients and 9 months (range, 1-42 months) in patients
with asymptomatic BM (P = .072, log-rank test) (Fig.
1E) (Table 3). The median time to extracranial disease
progression was 4 months (range, 0-207 months) in pa-
tients with symptomatic BM compared with 5 months
(range, 0-44 months) in patients with asymptomatic BM
(P =.721, log-rank test) (Table 3).
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TABLE 3. Patient and Clinical Characteristics in Dependence of Neurological Symptoms at Time of BM

Diagnosis
Symptomatic Patients N = 1186 Asymptomatic Patients N = 422
Characteristics No. % No. % P
Characteristics at time of BM diagnosis
Y of diagnosis <.001
1986-1999 142 12.0 4 1.0
2000-2009 484 40.8 152 36.0
2010-2019 560 47.2 266 63.0
Histology of the primary tumor .590
Adenocarcinoma 877 73.9 314 74.4
Squamous cell carcinoma 140 11.8 55 13.0
Synchronous diagnosis of NSCLC and BM <.001
Yes 597 50.3 278 65.9
No 589 49.7 144 34.1
No. of BM at the time of diagnosis 741
1 577 48.7 199 47.2
2-3 350 29.5 133 31.5
>4 259 21.8 90 213
Localization of BM .634
Supratentorial 747 63.0 272 64.5
Infratentorial 160 135 49 11.6
Both 279 23.5 101 23.9
Localization side of BM 162
Right 366 30.9 122 28.9
Left 396 33.4 126 29.9
Both 410 34.6 171 40.5
Not available 14 1.2 3 0.7
Size of BM at the time of diagnosis .001
<3cm 740 68.3 367 87.0
>3 cm 343 31.7 21 5.0
Missing 34 8.0
Leptomeningeal carcinomatosis .013
Yes 38 3.2 4 0.9
No 1148 96.8 418 99.1
Characteristics after BM diagnosis
First-line treatment of BM <.001
SRS 521 43.9 309 73.2
WBRT 202 17.0 51 12.1
Neurosurgical surgical resection 416 35.1 21 5.0
Systemic treatment 11 0.9 21 5.0
Best supportive care 36 3.0 20 4.7
Systemic disease progression after first-line .027
BM treatment
Yes 508 42.8 207 491
No 678 57.2 215 50.9
Median time from first BM treatment to sys- 4 (0-207) 5 (0-44) 721
temic disease progression (range), mo
Intracranial progression after first-line BM .014
treatment
Yes 472 39.8 197 46.7
No 714 60.2 225 53.3
Median time from first BM treatment to in- 7 (0-71) 9 (1-42) .072
tracranial disease progression (range), mo
Status at last follow-up <.001
Deceased 1069 90.1 332 78.7
Alive 117 9.9 90 21.3
Median OS from the time of diagnosis of BM 7 (6-8) 11 (10-12) <.001
(range), mo
Cause of death .003
Intracranial progression 42 6.8 14 7.7
Extracranial progression 221 35.7 91 50.3
Intracranial and extracranial disease 306 49.4 66 36.5
progression
Other reasons 50 8.1 10 5.5

Abbreviations: BM, brain metastases; NSCLC, non-small cell lung cancer; OS, overall survival; SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy.
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FIGURE 2. Association between neurological symptoms and (A) cause of death and median overall survival prognosis according to
(B) the presence of neurological symptoms at the time of diagnosis of brain metastases (BM) and (C) increased intracranial pressure
at the time of BM diagnosis, including (D) headache and (E) nausea and emesis (vomiting).

Cause of death based on a complete restaging within
60 days before death could be evaluated in 800 of 1608
patients (49.8%). Patients with neurological symptoms at
the time of BM diagnosis presented more frequently with
combined intracranial and extracranial progressing dis-
ease as their cause of death, whereas patients with asymp-
tomatic BM presented more frequently with death due to
extracranial disease progression (= .003, chi-square test)

(Fig. 2A) (Table 3).
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Impact of Neurological Symptoms on

Survival Prognosis

The median OS from the time of diagnosis of BM was 7
months in the entire cohort (range, 0-267 months) (see
Supporting Table 1). Patients with asymptomatic BM
presented with a longer median OS after the diagnosis of
BM compared with patients with symptomatic BM (11
months vs 7 months; P < .001) (Fig. 2B) (Table 3). The
impact of neurological symptoms on survival prognosis
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differed between the DS-GPA classes. In the good prog-
nostic class (3.5-4 points; class I) (see Supporting Table 3),
only a numerical association was present because symp-
tomatic patients in the DS-GPA class I category pre-
sented with a median OS of 18 months (range, 14-22
months) compared with 14 months in asymptomatic pa-
tients (range, 8-20 months; P = .291, log-rank test) (see
Supporting Table 3). In the lower prognostic classes of 11
to IV (3 to 0 points), patients with neurological symp-
toms presented with a statistically significantly impaired
prognosis compared with patients with asymptomatic
BM (class II: 14 vs 11 [P = .011, log-rank test]; class III:
10 vs 5 [P < .001, log-rank test]; and class IV: 6 vs 3
[P =.017, log-rank test]) (see Supporting Table 3).

The Graded Prognostic Assessment for Lung Cancer
using Molecular Markers (Lung-molGPA) could be val-
idated in a subgroup analyses of 529 of 1608 patients
(32.9%) for whom information regarding mutational sta-
tus was available (P < .001, log-rank test) (see Supporting
Table 3). The impact of neurological symptoms on sur-
vival prognosis also was found to differ by Lung-molGPA
classes. In the good prognostic class (3.5-4 points; class I)
as well as in the lower prognostic classes (0.0-2.5 points),
only a numeric association was present in favor of asymp-
tomatic patients (class I: 24 months vs 17 months; class
III: 9 months vs 8 months; and class IV: 4 months vs 3
months; P> .05, log-rank test) (see Supporting Table 3).
In the prognostic class I (2.5-3.5 points), patients with
neurological symptoms presented with a statistically sig-
nificantly impaired prognosis compared with patients
with asymptomatic BM (class II: 24 vs 13; P < .001, log-
rank test) (see Supporting Table 3).

We further investigated the prognostic impact of the
presenting neurological symptoms in the patients with
symptomatic BM. In these patients, signs of increased
intracranial pressure were found to be associated with an
improved survival prognosis compared with other neu-
rological symptoms (8 months vs 6 months; P = .032,
log-rank test) (Fig. 2C) (see Supporting Table 4). In more
detail, patients who experienced headache (10 months vs
6 months; P <.001) (Fig. 2D) (see Supporting Table 4) or
nausea and/or emesis (9 months vs 7 months; P = 0.040,
log-rank test) (Fig. 2E) (see Supporting Table 4) pre-
sented with longer survival times compared with patients
with other neurological symptoms. We further investi-
gated whether the observed association between OS and
increased intracranial pressure also was present in the sub-
group of patients with leptomeningeal disease and large
(>3 cm) BM. Patients with leptomeningeal metastases at
the time of diagnosis of BM demonstrated a numerically
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impaired survival prognosis when presenting with signs
of increased intracranial pressure; however, this finding
was not statistically significant (3 months vs 2 months;
P =530, log-rank test) (see Supporting Table 3). Patients
with BM measuring >3 cm and signs of increased intra-
cranial pressure at the time of diagnosis presented with
a significantly improved median OS (9 months vs 7
months; P=.032, log-rank test) (see Supporting Table 3).

All other presenting neurological symptoms pre-
sented only with a numerical association with survival

prognosis (Figs. 3A-3C) (see Supporting Table 4).

Multivariate Analysis Including Neurological
Symptoms and DS-GPA Score

In multivariate analysis including DS-GPA and neuro-
logical symptoms overall (including focal deficits, signs
of increased intracranial pressure, epileptic seizures,
and neuropsychological symptoms), both neurological
symptoms (hazard ratio [HR], 1.39; 95% CI, 1.23-
1.57 [P < .001, Cox regression model]) (see Supporting
Table 5) and DS-GPA (HR, 1.41; 95% CI, 1.33-1.50
[P < .001, Cox regression model]) (see Supporting
Table 5) remained statistically significant. In multivari-
ate analysis including DS-GPA and signs of increased
intracranial pressure (including headache, nausea, and
emesis) (HR, 1.0; 95% CI, 0.85-1.10 [P = .613, Cox
regression model]) (see Supporting Table 5), only DS-
GPA (HR, 1.43; 95% CI, 1.34-1.53 [P < .001, Cox
regression model]) (see Supporting Table 5) remained
statistically significant.

In the multivariate analysis of the subgroup of
patients for whom information regarding mutational
status was available, including the Lung-molGPA and
neurological symptoms, both neurological symptoms
(HR, 1.40; 95% CI, 1.13-1.75 [P = .002, Cox re-
gression model]) (see Supporting Table 5) and Lung-
molGPA (HR, 1.54; 95% CI, 1.35-1.76 [P < .001,
Cox regression model]) (see Supporting Table 5) re-
mained statistically significant. In multivariate analysis
of signs of increased intracranial pressure (HR, 0.97;
95% CI, 0.78-1.20 [P = .767, Cox regression model])
(see Supporting Table 5) and Lung-molGPA, only
Lung-molGPA remained statistically significant (HR,
1.57; 95% CI, 1.38-1.79 [P < .001, Cox regression
model]) (see Supporting Table 5).

DISCUSSION
In the current study, patients with BM from NSCLC
demonstrated a wide range of neurological symptoms at
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FIGURE 3. Association between median overall survival and
(A) the presence of focal deficits at the time of diagnosis
of brain metastases (BM), (B) the presence of epileptic
seizures at the time of BM diagnosis, and (C) the presence of
neuropsychological symptoms at the time of BM diagnosis.

the time of diagnosis. The percentage of patients with
asymptomatic disease has significantly increased over the
last 20 years, underscoring the need to adapt diagnostic
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and treatment algorithms previously designed for symp-
tomatic BM populations before the broad application
of BM screening.'® Indeed, the neurological symptom
burden is included in the response assessment of patients
with primary brain tumors, whereas the prospective eval-
uation of neurological symptoms is not regularly included
in the prognostic assessment of patients with BM.* In
the real-life cohort in the current study that included
1608 patients with newly diagnosed BM from NSCLC,
neurological symptoms at the time of BM diagnosis were
found to have a strong, independent prognostic impact
on the survival prognosis, thereby supporting the inclu-
sion of neurological symptoms in the prognostic assess-
ment as well as in the clinical decision making among
patients with BM.

The presence of neurological symptoms was found
to be an independent prognostic factor for OS from the
time of diagnosis of BM in the large real-life cohort of
1608 patients with newly diagnosed NSCLC BM in the
current study. In approximately 32.9% of the patients, the
recently introduced Lung-molGPA, which incorporates
molecular information in the prognostic estimation of
patients with BM, could be validated. Moreover, in mul-
tivariate analysis, both Lung-molGPA and the presence
of neurological symptoms demonstrated a statistically
significant association with survival prognosis. Therefore,
neurological symptoms appear to be independently asso-
ciated with the survival prognosis and should be evaluated
prospectively for integration into the prognostic assess-
ment of patients with NSCLC BM.

To our knowledge, previous studies regarding neu-
rological symptoms have focused on patients with pri-
mary brain tumors; to the best of our knowledge, the
current study is the largest study to date performed
among patients with newly diagnosed BM. The focal
deficits before surgery and cognitive function, as well as
seizure reduction, were shown to correlate with survival
prognosis in patients with primary brain tumors because
worsening of seizures during the disease course may indi-
cate disease progression in patients with lower grade gli-
omas."”? It is interesting to note that signs of increased
intracranial pressure were found to be associated with a
prolonged survival prognosis compared with other BM-
specific neurological symptoms. Peritumoral edema, fre-
quently causing signs of increased intracranial pressure,
also previously was shown to be associated with improved
survival prognosis because patients with large peritu-
moral edema were reported to present with an improved
survival prognosis compared with patients with small
edema.”® Herein, an expanding growth pattern rather

Cancer  October 1, 2020



Neurological Symptoms Impact Survival in BM/Steindl et al

than a glioma-like infiltrative growth pattern was found
to be correlated with large edema and consequently im-
proved survival.** Furthermore, symptomatic patients,
especially patients with signs of increased intracranial
pressure, were more frequently treated with neurosurgical
resection, potentially also resulting in a longer survival
time. In keeping with this finding, previous studies in
patients with BM have argued that neurosurgical resec-
tion can successfully reduce the neurological symptom
burden and especially the symptoms of increased neuro-
logical pressure.”

The NANO scale, which assesses the neurolog-
ical symptom burden using a standardized approach,
is included in the response assessment in patients with
primary brain tumors.”® Currently, the prognostic as-
sessment in patients with BM is based on few clinical
factors, including the histology of the primary tumor
and the age and Karnofsky performance score of the
patient as well as the number of BM and the status of
the extracranial disease.” The strong and independent
association between neurological symptoms and sur-
vival prognosis in patients with BM noted in the cur-
rent study argues for the inclusion and necessity of a
symptom-adapted treatment approach for prognostic
assessment in these patients. Indeed, the presence of
neurological symptoms is increasingly reflected in the
therapeutic considerations of BM treatment because
several recent clinical trials have specifically included
patients with asymptomatic BM.®*?” Consequently,
the European Association of Neuro-Oncology guide-
lines for the treatment of BM recommend immedi-
ate local treatment approaches in patients with a high
symptomatic burden, whereas primarily systemic
treatment should be evaluated in patients with asymp-
tomatic disease.'® Several clinical trials currently are re-
cruiting to investigate the possibility of postponing local
treatments in patients with asymptomatic NSCLC BM
and applying systemic treatments with high intracranial
activity such as a tyrosine kinase inhibitors in patients
with NSCLC with driver mutations (ClinicalTrial.gov
identifier NCT03769103).

Although in the current study we were able to inves-
tigate the presence of neurological symptoms in a large,
real-life cohort, some limitations have to be considered
in the interpretation of the results. The findings of the
current study certainly were limited by the disadvan-
tages of its retrospective design, although to the best of
our knowledge the current analysis was one of the first
to address not only the frequency of neurological symp-
toms but also their impact on survival prognosis. In the
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current study, approximately 14.5% of patients presented
with neuropsychological symptoms at the time of BM
diagnosis. In contrast, a review published in 2003 listed
cognitive or mental status changes as the most frequent
presenting symptom at the time of BM diagnosis in ap-
proximately 34% of patients.”® This discrepancy may be
the result of the retrospective design of the current study
because neuropsychological symptoms were not assessed
regularly using validated testing batteries and therefore
might be underreported. Furthermore, individual grad-
ing for every neurological symptom described in the
study and the duration between first symptoms and the
diagnosis of BM could not be investigated. A further po-
tential limitation of the current study was that the volume
of BM was not included in analyses. Some patients had a
diagnosis made based only on CT. It is important to note
that CT is no longer considered the gold standard for BM
diagnosis because small BM and leptomeningeal metasta-
ses are underreported. However, the number and localiza-
tion of BM at the time of diagnosis were not found to be
significantly associated with the presence of neurological
symptoms in the current study cohort. We were able to
analyze a unique cohort of 1608 patients with newly di-
agnosed NSCLC BM and provide detailed information
regarding the presence of neurological symptoms at the
time of diagnosis of BM. The long inclusion period from
1986 to 2019 potentially biased the current study find-
ings because imaging modalities changed, but this also
allowed for the analysis of changes occurring over the last
30 years. Therefore, the results of the current study have
provided the unique opportunity to gain deeper insight
into the incidence, distribution, and prognostic impact
of the neurological symptom burden in patients with
NSCLC BM.

The results of the current study presented a detailed
characterization of the incidence, distribution, and prog-
nostic impact of neurological symptoms at the time of
diagnosis of BM in a unique, large, real-life cohort of
patients with NSCLC BM. The study highlighted the
integration of neurological symptoms into the prognostic
assessment of patients with NSCLC BM. Future clinical
trials should investigate an adapted treatment approach

according to neurological symptoms in patients with
NSCLC BM.
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