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Abstract

Brain metastases (BM) from lung cancer are among the most common intracranial tumors. Several studies have published
scales to estimate the survival of patients with BM. Routine access to molecular diagnostics and modern oncologic treat-
ments, including targeted therapy and immunotherapy, is limited in low- and middle-income countries (LMICs); therefore,
incorporating them into recent prognostic scales may diminish the reliability of the scales in LMICs. This retrospective study
aimed to determine the survival of 55 patients who were surgically treated for BM from lung cancer at a Brazilian public
tertiary teaching hospital between 2012 and 2022. We determined clinical factors associated with survival, and compared
observed survival rates with the estimated survival on prognostic scales. The mean overall survival (OS) was 9.3 months
(range:0.2-76.5). At univariate analysis, female sex and improved postoperative Karnofsky performance status (KPS) score
were associated with longer survival. The median survival did not differ between groups when classified using the Graded
Prognostic Assessment (GPA)-2008, Lung-molecular GPA-2017, and Lung-GPA-2021 scales. According to the Diagnosis-
Specific (DS)-GPA-2012 scale, there was a significant difference between the groups. In the multivariate Cox regression
survival analysis, a higher DS-GPA-2012 and improved postoperative KPS score remained significantly associated with
longer survival. In conclusion, this cohort showed a mean OS of < 1 year. Improved KPS score after surgery was associated
with increased survival. This cohort DS-GPA scale demonstrated the highest concordance with observed survival, indicating
its potential as a valuable tool for patient stratification in surgical treatment decision-making in LMICs.
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Introduction

Brain metastases (BM) are among the most common intrac-
ranial tumors, with an incidence comparable to that of pri-
mary glial tumors and meningiomas [1-4]. BM may occur
in up to a quarter of malignancy-related patient deaths [5].
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Lung cancer is the most common source of BM, with a
cumulative incidence in 5 years of up to 29.7% for small cell
lung cancer (SCLC) and 12.6% for non-SCLC (NSCLC) [6].
BM are present in up to 15.8% of patients with lung cancer
at the time of diagnosis [7]. The symptoms may include
headaches, seizures, impaired consciousness, or focal neu-
rological manifestations such as motor, sensory, or speech
deficits [8].

In addition to symptom management, treatment of BM
may involve radiation therapy, chemotherapy, and surgery.
Oncology is currently focusing on advancements in targeted
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therapy and immunotherapy. For example, mutations in epi-
dermal growth factor receptor (EGFR) or anaplastic lym-
phoma kinase (ALK) genes in NSCLC can be targeted by
tyrosine kinase inhibitors (TKIs), whereas tumors express-
ing programmed death-ligand 1 (PD-L1) are candidates for
immunotherapy with immune checkpoint inhibitors (ICIs)
[9, 10]. However, surgical resection of BM is the only treat-
ment promoting immediate resolution of the mass effect,
and improving neurological deficits and faster corticosteroid
weaning, with the additional advantage of diagnostic confir-
mation in patients with previously unknown cancers [10, 11].

Treatment decisions involve an assessment of the func-
tional status of the patient to withstand treatment and estima-
tion of prognosis. The Karnofsky performance scale (KPS)
is a well-established method for standardizing performance
assessment [12], and based on the KPS and additional clini-
cal data, the Radiation Therapy Oncology Group (RTOG)
has published a series of tools for prognostic determina-
tion in patients with BM. Initially, the Graded Prognostic
Assessment (GPA) scale classified patient survival into four
prognostic groups regardless of BM origin [13]. GPA was
then refined to Diagnosis-Specific GPA (DS-GPA), which
separately classify BM according to its five main primary
foci [14]. For lung cancer, GPA underwent two additional
updates following incorporation of molecular data to
enhance prognostic applications in NSCLC: Lung-molGPA
in 2017 [15] and LungGPA in 2022 [16].

However, advances in oncological treatments pioneered
in developed countries are often delayed in reaching low-
and middle-income countries (LMICs), particularly within
the public health system where TKIs, ICIs, RS, and even
molecular diagnostics are often routinely unavailable. Mul-
ticenter Brazilian data show that only 9.2% of patients have
access to EGFR testing in the public health system [17], and
38% of the radiotherapy equipment in public hospitals is
considered obsolete [18]. In this study, we comprehensively
analyzed patients who underwent surgical excision of brain
metastases (BMs) from lung cancer at a public hospital. Our
objectives were to assess survival outcomes, examine rel-
evant clinical data associated with survival, and compare
observed survival rates with prognostic estimates obtained
from established scales.

Material and methods

Study design

This observational, retrospective, monocentric study was
conducted at a public tertiary referral center and included
consecutive patients who underwent surgical resection

for lung cancer brain metastasis between June 2012 and
December 2021. The study protocol was approved by the
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local institutional review board (IRB 4.459.416/2020)
and conducted in accordance with the Declaration of Hel-
sinki. Informed consent was obtained from the patients
or their relatives, if the patients had died.

Participants

We included 55 patients who underwent surgical resec-
tion of BM with an anatomopathological report confirm-
ing lung cancer as the primary site. All patients were
clinically managed according to local protocols, includ-
ing administration of dexamethasone for symptom relief,
anticonvulsants for seizures, and computed tomography
for disease staging or restaging. Surgical procedures
were performed by the same team, under general anesthe-
sia. Patients were clinically re-evaluated 2-3 weeks after
surgery in an outpatient ambulatory clinic. Missing infor-
mation on deceased patients was obtained from another
regional hospital with the assistance of the authors’ hos-
pital social work support.

Variables and outcomes

Medical charts were reviewed for the extraction of clinical
data and retrospective application of functional and prognos-
tic scales, including the KPS and many versions of the GPA,
including the GPA [13], DS-GPA [14], Lung-molGPA [15],
and Lung-GPA [16].

The following patient data were collected: age, sex,
smoking status, clinical symptoms at presentation, num-
ber and localization of lesions, previous diagnosis of lung
cancer, synchronic metastasis (i.e., in other organs), adju-
vant therapy (chemotherapy, radiotherapy, or immuno-
therapy), histologic classification, and surgical complica-
tions. Changes in KPS scores were classified as improved,
worsened, or unchanged, by comparing the preoperative
and postoperative status. The outcome was survival after
the index surgery, and the minimum follow-up period was
1 year.

Statistical analysis

The distribution of data was determined using Sha-
piro—Wilk or Kolmogorov—-Smirnov tests. The
Mann-Whitney U test was used to compare independ-
ent groups with non-parametric data. For variables
with a normal distribution, Student’s t-test was used
for group comparisons. For more than two groups, the
Kruskal-Wallis test followed by the Dunn test was
used for nonparametric data, and the ANOVA test fol-
lowed by the Bonferroni test was used for parametric
data. Correlations between variables were evaluated
using the Spearman’s rank correlation coefficient for
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nonparametric data and Pearson’s test for paramet-
ric data. Survival curves were constructed using the
Kaplan—Meier model for overall survival (OS) and the
Cox model for covariable adjustment. Statistical sig-
nificance was set at 5%. Analyses were performed using
GraphPad v. 9.5.0 (GraphPad Software Inc. San Diego,
CA, USA) and SPSS v.24.0.0 (Statistical Package for
Social Sciences, IBM Corp., Armonk, NY, USA).

Table 1 Clinical and demographic variables of the included patients

Variable n (%)

Male sex 29 (52.7)
Age (mean + SD), years 60.9 (+10.7)
Tobacco exposure 45 (81.8)

Preoperative KPS (median [IQR]) 70% [30%]

Number of BM

Single 30 (54.5)
Multiple 25 (45.5)
Localization of resected BM

Frontal 22 (40.0)
Parietal 13 (26.3)
Posterior fossa 9 (16.3)
Occipital 4(7.2)
Temporal 4(7.2)
Others 2 (3.6)
Symptoms

Headache 22 (40.0)
Motor deficit 20 (36.4)
Seizures 13 (23.6)
Ataxia 7(12.7)
Others 10 (18.2)
Known primary cancer 13 (23.6)
Histological type

NSCLC 52 (94.5)
SCLC 3(5.5)

SD, standard deviation; IQR, interquartile range; BM, brain metasta-
sis; NSCLC, non-small cell lung cancer; SCLS, small cell lung cancer

Results

Of the 55 patients, most were male (n=29, 52.7%) and they
had a mean age of 60.9 (x10.7) years. Of these, 45 (81.8%)
of the patients were smokers, and 30 (54.5%) had a single
lesion. The frontal lobe was the most common site of BM
resection (n=22, 40.0%), and headache and motor deficits
were the most common symptoms (n =22, 40.0 and n=20,
36.4%, respectively). Only 13 (23.6%) patients had a history
of lung cancer (Table 1). Postoperative chemotherapy and
whole-brain radiotherapy were administered to 31 (56.4%)
and 28 (50.9%) patients, respectively. Only one patient each
underwent stereotactic radiosurgery or received erlotinib,
a TKI.

Postoperative complications occurred in 11 (20%)
patients including: surgical wound infection (n=26), cer-
ebrospinal fluid leakage (n=3), hydrocephalus (n=2), and
intraparenchymal hemorrhage (n=2). Regarding the post-
operative performance status (KPS), 19 (34.5%) patients
showed improvement, 20 (36.4%) worsened, and 16 (29.1%)
remained unchanged.

Among the prognostic scores that did not utilize molec-
ular information, approximately 10% of the patients each
were classified either in the best or worst prognosis groups,
respectively, with 80% having intermediate scores. Con-
versely, in the more recent scores that incorporated molecu-
lar data, few or no patients were categorized into the best
prognosis groups because molecular investigations were
lacking (Table 2).

By the end of the follow-up period, only six patients
were alive (and only two remained alive beyond 2 years
after surgery). Mean survival was 9.3 + 12 months
(min—max: 0.2-76.5, Fig. 1). Univariate analysis revealed
that female sex was associated with longer survival (13.6
vs. 5.6 months, p=0.002). There were no differences
in survival with respect to age, smoking status, single
metastasis, known primary cancer, postoperative com-
plications, chemotherapy, or radiotherapy. Postopera-
tive performance status was associated with differences

Table 2 Distribution of patients

GPA (2008) DS-GPA (2012) Lung-molGPA (2017)

Lung-GPA (2022)

NSCLC-A NSCLC-NA NSCLC-A NSCLC-NA SCLC

" . . - Points

according to their classification

on different prognostic scales
0-1 609 6 (10.9)
1.5-2 36(65.6)* 28(50.9)
25-3 8(14.5)* 16 (29.1)
35-4 509.1) 50.1)
Total 55 55

4(105)  3(21.4) 4(105)  3(21.4) 0 (0.0)
22(579) 8(57.1) 22(57.9)  6(42.9) 0 (0.0)
12(31.6) 3(21.4) 12(31.6) 2 (14.3) 3(100.0)
0(0.0) N/A 0 (0.0) 3(21.4) 0 (0.0)
38 14 38 14 3

GPA, Graded Prognosis Assessment; DS-GPA, diagnosis-specific GPA; Lung-molGPA, lung molecular
GPA; Lung-GPA, lung GPA; N/A, not applied; A, adenocarcinoma; NA, non-adenocarcinoma

*On the GPA, the intermediate groups include those with 1.5-2.5 and 3 points
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Fig.1 Overall survival of patients with surgically removed brain
metastasis from lung cancer. Approximately 10% of patients
remained alive by the end of the follow-up period. A: Kaplan—-Meier

Table 3 Cox regression model with covariates and odds ratio (OR)
for the risk of death during the follow-up period

Independent variable OR 95% C1 p-value
Male sex 1.458 0.774 - 2.746 0.243
DS-GPA3.5-4 Ref Ref

25-3 4.197 1.249 - 14.105 0.020
1.5-2 8.143 2.435 -27.229 0.001
0-1 10.306  2.502 —42.446 0.001
Improved postoperative KPS~ Ref Ref

Unchanged KPS 2.992 1.325-6.753 0.008
Worsened KPS 5.170  2.220-12.039 <0.001

ClI, confidence interval; DS-GPA, diagnosis- specific graded progno-
sis assessment; KPS, Karnofsky performance status

in survival; at the mean survival days of 134.3, 270.6,
and 443.7 for worsened, unchanged, and improved KPS,
respectively (p =0.002). In Cox regression analysis, dif-
ferences between the comparison groups also occurred in
sex and changes in KPS scores, with longer survival in
females and patients with improved postoperative KPS
scores (Fig. 1).

The median survival did not differ between the groups
classified according to GPA (p =0.053), Lung-molGPA
(p=0.536), and Lung-GPA (p =0.660). Using the DS-
GPA scale, a significant difference was found in the
median survival between the groups (p =0.021).

Therefore, a survival Cox model was constructed using
the following covariates: sex, changes in KPS score, and
DS-GPA. In this model, sex was no longer a significant
variable for the outcomes (p =0.243). Higher DS-GPA
and improved postoperative KPS scores were signifi-
cantly associated with longer survival (Table 3).
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Discussion

The significant prevalence of lung cancer and its frequent
progression to BM, resulting in high mortality rates, have
driven significant advancements in the field to enhance
patient diagnosis and treatment outcomes. Assessment of
prognosis is key to decision-making, especially with the cur-
rent developments in the understanding of molecular targets
of lung cancer and BM. The use of new immunomodulators
is changing the life expectancy of these patients; therefore,
prognostic assessments are incorporating molecular infor-
mation. However, routine molecular diagnostics are unavail-
able in LMICs, and it is unclear whether these updates on
prognostic assessment can be reliably used in such settings.

In this study, we found that the OS of patients with lung
cancer BM remained short (mean, 9 months), and longer
survival is highly associated with higher scores on DS-GPA
and improvement in KPS scores after surgery. The classifi-
cation of our patients according to a more recent prognostic
assessment was not helpful in identifying subgroups with
longer survival, probably because of the lack of information
on the molecular status of the primary tumor, which pushed
patient classification to lower grades.

A lack of knowledge of a primary cancer (or a synchro-
nous diagnosis, by some definitions) was observed in 76.4%
of our patients and was not associated with a worse progno-
sis, which is in accordance with most reports [19, 20], despite
some disagreement [21]. Chemotherapy and targeted therapy
are also associated with better prognosis [21, 22]; however,
the former did not show such a relationship in this study.

The observed higher survival rate among female patients,
as identified in our study through univariate analysis, aligns
with the findings reported in another report focusing on
operated BM [23], with statistical significance in multi-
variate analysis. However, that study included only 41%
of patients with lung cancer, accounting for confounding
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variables. Other studies focusing on lung cancer BM
reported on many possible treatment approaches, with only
a fraction of surgically managed patients, which adds het-
erogeneity to interpretation [17, 24].

A KPS score of 70% or above before and after surgery
has been associated with lower mortality [19, 20]. Our study
showed greater survival with an increase in KPS score postop-
eratively in patients with BM from lung cancer. Another cohort
of neurosurgical patients reported similar findings, albeit with
a broader focus on BM originating from various primary dis-
eases [25]. Neurological rehabilitation, adjuvant therapy, and
medium- and long-term complications are associated with the
functional status and may be responsible for these observed
effects. The non-occurrence of surgical complications may be
associated with longer survival [19]; however, our complica-
tion rate did not differ from that in other reports, and survival
was not significantly impaired, as observed by others [26].

Observational surgical studies also point to other prog-
nostic factors such as multiple BM [27], extracranial metas-
tasis, or squamous histology [28], but they are often under-
powered. The methodology of recruitment for the RTOG
studies, however, allowed them to include much larger
groups of participants and analyze the effect of the main
prognostic factor on a scale, with survival estimation.

With the continuous evolution of oncological treatment
modalities, the integration of molecular data has gained
significant relevance in predicting responses to targeted
therapy and immunotherapy within the Lung-molGPA and
Lung-GPA scales. This inclusion demonstrates a substantial
disparity of up to 30 months in the estimated mean survival
compared with those of earlier versions of these scales.
However, the DS-GPA published in 2012 had the highest
similarity of the estimated mean survival with our study, in
which a single patient had access to targeted therapy with
TKI. With more than 3/4 of our patients without a previous
cancer diagnosis, the use of prognostic scales requiring an
input of molecular or histological data was impaired.

The scarcity of molecular diagnostic testing [17] and poor
radiation therapy infrastructure [18] seen throughout LMICs
suggest that our pattern of postoperative care is common
and likely has many parallels in less-privileged populations
worldwide. Therefore, surgical resection of BM in the con-
text of LMICs plays a key role in treatment, not only for
diagnosis and subsequent adjuvant therapy, but also to help
increase functionality and survival.

As a retrospective cohort study, the data were registered
for other purposes, and the retrospective application of the
scales introduced inherent susceptibility to interpretation bias.
Despite the relatively small sample size, which is consistent
with previous studies, our study maintained the advantage of
a more homogeneous population by focusing on a single pri-
mary cancer site. Furthermore, a noteworthy strength of our
study is the absence of any loss to follow-up, ensuring robust

and reliable data integrity. In addition, our study can be used
to analyze the real-world conditions and outcomes of a popu-
lation that may relate to other LMICs, where there are many
years of delay in scientific progress to address care in routine
clinical practice.

Conclusion

Our study provides a robust analysis of prognostic factors
and survival outcomes in a cohort of patients who underwent
surgical intervention for lung cancer with brain metastasis
at a public tertiary teaching hospital. Our findings under-
score the challenging reality of a persistently low OS rate,
with an average patient survival of 9.3 months. However,
our data revealed crucial determinants of improved survival,
including sex and postoperative enhancement in KPS score.
Moreover, our comprehensive evaluation of diverse prog-
nostic scales showed that the DS-GPA scale emerged as an
unparalleled tool, exhibiting the highest concordance with
the observed survival within this cohort. These compelling
results not only shed new light on prognostic insights but
also offer invaluable guidance for precise patient selection
in surgical management.
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