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ABSTRACT

OBJECTIVE: We aimed to identify prognostic factors associated with overall survival in patients with brain metastases from non-small
cell lung cancer (BM-NSCLC) who had limited access to systemic therapy.

MATERIAL AND METHODS: We retrospectively analyzed 83 patients with BM-NSCLC. Data collected included age, sex, performance
status, histology, neurologic symptoms, extracranial metastasis (ECM), and receipt of whole-brain radiotherapy (WBRT) and systemic
treatment. Associations between these factors and time to death were assessed using Cox proportional hazards regression analysis.

RESULTS: The mean age of the patients was 63.1+8.9 years. Approximately 30% of patients had ECM, whereas 14% received
systemic treatment. Three-quarters of the cohort underwent WBRT. The median survival time was 2.7 months [95% confidence
interval (Cl): 2.2—4.1 months]. The 6-month and 1-year survival probabilities were 26.5% (95% Cl: 17.6%-36.3%) and 9.6% (95%
Cl: 4.5%-17.1%), respectively. Multivariable analysis demonstrated that ECM was significantly associated with an increased risk of
death [adjusted hazard ratio (aHR): 4.22, 95% Cl: 1.27-14.0, P= 0.019, for newly diagnosed lung cancer; aHR: 6.33, 95% ClI: 1.62—
24.79, P = 0.008, for controlled primary lung cancer with ECM; and aHR: 11.32, 95% Cl: 2.89-56.1, P = 0.003, for uncontrolled
primary lung cancer and ECM]. Receipt of systemic treatment was significantly associated with a lower risk of death (aHR: 0.39, 95%
Cl: 0.18-0.80, P=0.011). WBRT was not significantly associated with improved survival (aHR: 0.79, 95% Cl: 0.43-1.44, P= 0.441).

CONCLUSION: The presence of ECM and the absence of systemic treatment were significantly associated with shorter survival in
patients with BM-NSCLC.
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INTRODUCTION

Brain metastases (BM) are the most common brain tumors, occurring approximately 10 times more frequently than
primary malignant brain tumors.! Non-small cell lung cancer (NSCLC) is the most common primary source of BM, with
intracranial spread occurring in approximately 9% of patients.> Despite advances in treatment, survival remains dismal,
particularly in patients with BM.? Historically, whole brain radiotherapy (WBRT) with or without surgery was the mainstay
of treatment. However, advances in cancer therapy have shifted practice toward stereotactic radiosurgery (SRS) and
systemic pharmacotherapy. The European Association of Neuro-Oncology-European Society for Medical Oncology 2021
guidelines recommend SRS or systemic therapy rather than WBRT for appropriate patients.* In asymptomatic patients with
NSCLC and BM, upfront immune checkpoint inhibitors with or without systemic chemotherapy are recommended in the
absence of actionable oncogenic driver alterations, whereas targeted systemic therapy is preferred when such alterations
are present. Nevertheless, in resource-limited settings, access to advanced radiotherapy and high-priced systemic agents
remains restricted. Furthermore, approximately two-thirds of patients with BM from NSCLC die due to extracranial
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disease rather than intracranial progression,” underscoring the
importance of effective systemic treatment.

Multiple studies have evaluated prognostic factors in patients
with BM who were treated with WBRT. Gilbride et al.® developed
a prognostic nomogram based on data from over 1,000 patients
with various primary cancers. Nieder et al.” identified key
prognostic variables in NSCLC, including performance status,
age, sex, primary cancer status, extracranial disease, number of
BM, histology, lesion volume, neurological symptoms, steroid
use, BM status, and molecular markers such as epidermal
growth factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK) alterations. However, data from settings with restricted
access to systemic therapy remain limited. Therefore, this study
aimed to investigate prognostic factors associated with overall
survival (OS) and evaluate survival outcomes in patients with
BM-NSCLC in a resource-constrained healthcare environment.

MATERIAL AND METHODS

We conducted a retrospective cohort study of patients treated at
a university-affiliated tertiary care center in Thailand between
January 2019 and December 2019. Eligible patients were adults
aged >18 years with histologically confirmed primary NSCLC
and with BM verified by computed tomography or magnetic
resonance imaging. Patients with concomitant malignancies
were excluded. The study was approved by the Sawanpracharak
Hospital Ethics Committee (COA NO. 66/2563) on October 29,
2020, for retrospective data analysis, and the requirement for
informed consent was waived.

The primary outcome was OS, defined as the time from
diagnosis of BM to death from any cause or last follow-up.
Survival status was ascertained as of November 30, 2020, using
a local death registry and hospital records. Patients who were
alive at the cut-off date were censored in the survival analysis.

Clinical and treatment variables were collected as potential
prognostic factors, including age, sex, Karnofsky performance
status (KPS), histology, neurological symptoms, extracranial
disease status, and receipt of further systemic therapy and WBRT.
Definitions and scales were selected based on established
literature and clinical practice. Patients were categorized into
four groups according to the status of the primary lung tumor
and extracranial metastases (ECM): (1) controlled primary
lung cancer with no ECM, defined as controlled primary lung
disease without evidence of extracranial metastatic disease;
(2) controlled primary lung cancer with ECM, defined as
controlled primary lung disease in the presence of ECM;
(3) uncontrolled primary lung cancer and ECM, defined as
uncontrolled primary lung disease and progressive extracranial

Main Points

e Extracranial metastasis and receipt of subsequent
systemic treatment were significantly associated with
overall survival (OS).

e Patients with newly diagnosed disease had better OS
than those with uncontrolled cancer.

e Whole brain radiotherapy did not provide a significant
OS benefit.
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metastatic disease despite previous treatment; and (4) newly
diagnosed primary lung cancer, defined as patients presenting
with newly diagnosed primary lung cancer. Primary lung
cancer was considered controlled if there was no radiographic
or clinical evidence of progression at the time of BM diagnosis,
as determined by the treating physician.

Statistical Analysis

Survival outcomes were estimated using Kaplan-Meier analysis.
Associations between covariates and survival were evaluated
using Cox proportional hazards regression. The proportional
hazards assumption was assessed using Schoenfeld residuals.
Survival rates at 1, 3, 6, and 12 months, as well as median
survival time, were calculated. Hazard ratios (HRs) and adjusted
hazard ratios (aHRs), with corresponding 95% confidence
intervals (Cls), were reported for univariable and multivariable
analyses, respectively. A P value <0.05 was considered
statistically significant.

Adjusted survival functions from the multivariable Cox
regression model were plotted for significant prognostic
variables at representative covariate values. All statistical
analyses were performed using Stata/SE version 17 (StataCorp
LP College Station, TX, USA).

RESULTS

Eighty-three patients with BM-NSCLC were included in the
study, of whom 81 had died at the time of analysis. Clinical
characteristics are summarized in Table 1. The mean age was
63.1+8.9 years. Most patients had adenocarcinoma histology
and presented with significant neurological symptoms.
Approximately half of the cohort were classified as class Il by
recursive partitioning analysis (RPA). The majority of patients
(65%) had BM at the time of initial lung cancer diagnosis. Nearly
30% had ECM, whereas 14% received systemic treatment.
Approximately three-quarters of patients underwent WBRT, and
fewer than 15% of patients underwent genetic mutation testing.

The median survival time was 2.7 months (95% ClI: 2.2-4.1
months). Survival probabilities are shown in Figure 1. The
1-month, 3-month, 6-month, and 1-year survival rates were
78.3% (95% Cl: 68.0%-88.6%), 47.0% (95% Cl: 36.0%—
57.2%), 26.5% (95% Cl: 17.6%-36.3%), and 9.6% (95% ClI:
4.5%—17.1%), respectively.

Both univariable and multivariable Cox proportional hazards
regression analyses were performed, and the proportional
hazards assumption was satisfied. In univariable analysis, age
>65 years, receipt of systemic treatment, and receipt of WBRT
were significantly associated with a reduced risk of death,
whereas the presence of extracranial disease was significantly
associated with an increased mortality risk. In multivariable
analysis, systemic treatment remained a significant, favorable
prognostic factor for OS (aHR: 0.39, 95% Cl: 0.18-0.80, P =
0.011). Extracranial disease was identified as an unfavorable
prognostic factor, with risk progressively increasing according
to disease status (for newly diagnosed lung cancer: aHR:
4.22, 95% ClI: 1.27-14.0, P = 0.019; for controlled primary
lung cancer with ECM: aHR: 6.33, 95% CI: 1.62-24.79, P
= 0.008; and for uncontrolled primary lung cancer ECM:
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aHR: 11.32, 95% Cl: 2.89-56.1, P = 0.003). Notably, WBRT
was not significantly associated with improved survival in
the multivariable model (aHR: 0.79, 95% Cl: 0.43-1.44, P =
0.441) (Table 2). Estimated survival functions for key prognostic
variables are shown in Figures 2 and 3.

Kaplan—Meier survival estimate

Overall survival

T T T T T
0 3 6 9 12 15 18 21 24
Time (months)

Number at risk
83 39 22 13 7 6 4 2 1

95% ClI Survivor function

Figure 1. Overall survival

Cl: confidence interval

Table 1. Clinical characteristics

Characteristics n =383
Age (mean = SD) 63.1+8.9
Age >65 37 (45%)
Female 36 (43%)
KPS 270 44 (53%)
Histology

e Adenocarcinoma 61 (73%)
e Non-adenocarcinoma 22 (27%)
EGFR/ALK mutation

¢ Positive 5 (6%)

e Negative 7 (8%)

e Unknown 71 (86%)
Neurological symptoms

e None 3 (4%)

* Mild 10 (12%)
* Major 70 (84%)
Extracranial disease

e Controlled primary lung cancer with no ECM 5 (6%)

e Controlled primary lung cancer with ECM 16 (19%)
e Uncontrolled primary lung cancer and ECM 8 (9%)

e Newly diagnosed lung cancer 54 (65%)
Further systemic treatment 12 (14%)
WBRT 62 (75%)
RPA

e Class | 3 (4%)

e Class Il 43 (52%)
e Class Ill 37 (44%)

ALK: anaplastic lymphoma kinase, ECM: extracranial metastasis, EGFR:
epidermal growth factor receptor, KPS: Karnofsky performance status, WBRT:
whole brain radiotherapy, SD: standard deviation, RPA: recursive partitioning
analysis
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DISCUSSION

In patients with  BM-NSCLC who had limited access to
anticancer therapy, the receipt of further systemic treatment and
the presence of ECM were identified as significant favorable
and unfavorable prognostic factors for OS, respectively. These
findings highlight the critical role of extracranial disease
control in BM-NSCLC; extracranial disease control is typically
managed with systemic therapies.

The RPA classification, introduced in 1997 and validated in
2000 by Gaspar et al.??, was developed to estimate survival in
patients with BM using variables such as performance status, age,
control of the primary tumor, and ECM, and it stratifies patients
into three prognostic classes. Subsequently, multiple prognostic
scoring systems have been developed. The Score Index for
Radiosurgery (SIR) in BM, which incorporates age, performance
status, ECM status, number of brain lesions, and largest lesion
volume, was derived from a cohort of 65 patients.’ In a larger
study involving 110 patients, Lorenzoni et al."" developed the
basic score (BS) for BM, which included performance status,
primary tumor control, and ECM. Their analysis showed that SIR
and BS-BM were significantly associated with survival, whereas
RPA was not. Rades et al.'? further identified age, performance
status, ECM, interval from tumor diagnosis to radiotherapy,
and number of BMs as significant prognostic factors in survival
scoring systems. Lagerwaard et al.” reported that performance
status, systemic disease status, steroid response, and primary
tumor site were significant predictors of survival. Barnholtz-
Sloan et al.'" developed a nomogram incorporating primary
site, histology, primary tumor status, metastatic spread, age,
KPS, and number of brain lesions to estimate survival.

In BM-NSCLC specifically, Chao et al.” found that only
performance status and ECM were significant predictors of
survival, whereas Golden et al.'® reported that age <65 years,
absence of extracranial disease, and having <3 BM were
favorable prognostic factors. Agarwal et al.'” identified factors
such as sex, performance status, and EGFR mutation status as
relevant in determining which patients may not benefit from
WBRT. In the most recent NSCLC graded prognostic assessment
(GPA), Sperduto et al.’ included programmed death-ligand 1
(PD-LT) expression as a prognostic variable and reaffirmed
the importance of EGFR and ALK status, performance status,
age, number of BM, and ECM. However, in the present study,
molecular profiling was performed on only 14% of patients,
and no PD-L1 testing was available, reflecting limited access to
comprehensive diagnostic and therapeutic resources.

Across virtually all published prognostic models, ECM
consistently appears as a key determinant of survival,
underscoring its strong prognostic impact. This observation
aligns with the present findings; ECM demonstrates a graded
effect on mortality risk. In multivariable analysis, aHRs were
6.33 (95% CI, 1.62-24.79), 11.32 (95% Cl, 2.89-56.1), and
4.22 (95% Cl, 1.27-14.0) for controlled primary lung cancer
with ECM, uncontrolled primary lung cancer with ECM, and
newly diagnosed lung cancer, respectively. The severity was
more pronounced in uncontrolled extracranial disease than in
controlled or treatment-naive disease. Despite limited systemic
agents, uncontrolled extracranial disease tends to be treatment-
resistant, particularly to radiation, and limits eligibility for other
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Table 2. Multivariable analysis of predictors of OS
Characteristics

Age

<65

>65

Sex

Male

Female

KPS score

<70

>70

Histology

Adenocarcinoma

Non-adenocarcinoma

Neurological symptoms

e None

* Mild

* Major

Extracranial disease

e Controlled primary lung cancer with no ECM
e Controlled primary lung cancer with ECM
e Uncontrolled primary lung cancer and ECM
e Newly diagnosed lung cancer

Further systemic treatment

No

Yes

WBRT

No

Yes
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aHR (95% CI) P value
1 _
0.68 (0.41-1.13) 0.139
1 _
1.47 (0.87-2.48) 0.148
1 _
0.82 (0.47-1.42) 0.469
1 _
0.63 (0.34-1.16) 0.140
1 i
3.78 (0.59-24.2) 0.161
2.25(0.44-11.5) 0.330
1 i
6.33 (1.62-24.79) 0.008
11.32 (2.89-56.1) 0.003
4.22 (1.27-14.0) 0.019
1 ;
0.39 (0.18-0.80) 0.011
1 i
0.79 (0.43-1.44) 0.441

Cl: confidence interval, ECM: extracranial metastasis, aHR: adjusted hazard ratio, KPS: Karnofsky performance status, WBRT: whole brain radiotherapy, OS: overall

survival

Cox proportional hazards regression

0 10 20 30 40
Time (months)

No further systemic treatment Further systemic treatmen{

Figure 2. Adjusted OS functions derived from the Cox proportional
hazards regression model comparing patients who did and did not
receive further systemic treatment. Adjusted survival functions estimated
from the multivariable Cox proportional hazards regression model. The
following covariates were held constant: age, sex, Karnofsky performance
status, histology, neurological symptoms, extracranial metastasis status,
and receipt of whole-brain radiotherapy

Cox proportional hazards regression

20 30 40
Time (months)

o
=3
o

Controlled primary lung cancer with no ECM Controlled primary lung cancer with ECM

Uncontrolled primary lung cancer and ECM Newly diagnosed lung cancer

Figure 3. Adjusted OS functions derived from the Cox proportional
hazards regression model according to extracranial metastasis status.
Adjusted survival functions estimated from the multivariable Cox
proportional hazards regression model. The following covariates
were held constant: age, sex, Karnofsky performance status, histology,
neurological symptoms, receipt of further systemic treatment, and receipt
of whole-brain radiotherapy

ECM: extracranial metastasis
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interventions, such as surgery or ablation therapy, because
of the number, size, or location of the tumor. Therefore, this
disease stage is likely to have a poorer prognosis. Meanwhile,
the treatment-naive disease tends to be sensitive to radiation and
to possess characteristics amenable to other local treatments.
Hence, the stage is associated with better survival than
controlled disease. However, the nature of these disease stages
requires further study to elucidate the underlying mechanisms
thoroughly, enabling better assignment of treatments to each
stage.

The median survival time of 2.7 months (1-year survival
rate of 9.6%) in the present cohort was comparable to ones
reported in the QUARTZ trial'® which were 9.2 weeks for the
group with WBRT and 8.5 weeks for the group without WBRT.
Half of the patients had a KPS of at least 70, and about 30%
had active extracranial disease; however, only 14% received
further systemic treatment in the present study. In contrast,
in the QUARTZ trial, approximately two-thirds had KPS >70
with 55% having ECM, and systemic anticancer treatment was
allowed, particularly after WBRT, suggesting that the present
study’s survival outcome was fair even with poor prognostic
factors. In contrast, Kim et al.'” reported that patients with BM-
NSCLC receiving chemotherapy after WBRT had a median OS
of 7 months (range, 0.9-25.3 months) with a 1-year survival rate
of 23%. Conversely, compared with an NSCLC GPA update,’
the least median survival was 6 months for an adenocarcinoma
cohort with GPA of 0.0-1.0, which was analyzed in populations
in three developed countries, provided with abundant treatment
resources. Historically, systemic chemotherapy was the standard
treatment for advanced NSCLC. In 16 randomized controlled
trials (RCTs), chemotherapy increased 12-month survival by
9% (from 20% to 29%) and produced an absolute median
survival gain of 1.5 months compared with best supportive care
alone, as demonstrated in a Cochrane review in 2010.2° No
strong evidence suggested a survival benefit of chemotherapy
in patients with BMs, which may be explained by the inability
of cytotoxic chemotherapy to cross the blood-brain barrier.
Currently, immunotherapy with or without chemotherapy is
recommended for patients without actionable driver alterations,
depending on PD-L1 expression, whereas targeted therapy is
recommended for patients with actionable driver mutations.?"?2
The aforementioned statement referred to patients with BMs.*??
Although no phase Ill RCT has demonstrated that systemic
anticancer therapy improves OS in patients with BM-NSCLC,
several studies have shown potential CNS efficacy of specific
agents. For example, a longer median CNS progression-free
survival was reported among patients with untreated EGFR-
mutated advanced NSCLC who received osimertinib than
among those who received gefitinib or erlotinib, based on a
preplanned exploratory analysis of the FLAURA study.?* In the
ALEX study, patients with stage lll-IV ALK-positive NSCLC were
randomized to receive alectinib or crizotinib. Notably, among
patients with baseline CNS metastases, OS was significantly
longer in the alectinib group.? Furthermore, most patients with
BM had extracranial diseases. According to German data, ECM
sites were observed in 60% of 5,074 patients with BM, and 50%
of patients had lung cancer.?* Meanwhile, 32%, 55%, and 62%
of patients had active extracranial disease in JLGK0901 (76%
lung cancer),” QUARTZ (100% NSCLC)," and NRG CCO001
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(60% lung cancer)? trials. Around 70% of the patients in the
present cohort had controlled extracranial disease, indicating
that some patients experienced delayed treatment or limited
access to treatment resources, particularly systemic therapy in
this setting. The role of systemic treatment was given marked
consideration in patients receiving intracranial radiation who
had an active extracranial tumor, to control the disease outside
the brain or even to improve survival.

Study Limitations

This study has limitations. First, its retrospective single-center
design may limit the generalizability of the findings. Second,
only a small proportion of patients received systemic treatment,
reflecting the limited availability of these therapies during the
study period; this may have reduced the statistical power to
detect treatment effects. Third, molecular profiling was not
routinely available, precluding analyses based on actionable
genomic alterations that may influence prognosis and treatment
selection. Fourth, treatment-selection bias is inherent in this
retrospective study, as patients receiving systemic therapy
may have had more favorable baseline characteristics despite
adjustment for measured covariates. In addition, residual
confounding from unmeasured factors cannot be excluded.
Several estimates were associated with wide Cls, reflecting
the relatively small sample size. These limitations should be
considered when interpreting the results.

CONCLUSION

Among patients with BM-NSCLC, the presence of extracranial
disease and the absence of systemic treatment were significantly
associated with reduced OS. The poor outcomes observed in
this cohort likely reflect the limited availability and accessibility
of contemporary systemic therapies in resource-constrained
settings. These findings should be interpreted in the broader
context of global disparities in cancer care, where substantial
gaps in access continue to contribute to unequal outcomes
between high- and low-income countries.

Recent international initiatives, including the World Health
Assembly resolution on precision medicine, have emphasized
the need to improve equitable access to cancer innovations.?
Potential strategies to reduce these disparities include sharing
manufacturing knowledge and technology, implementing
differential pricing policies, expanding international funding
mechanisms, strengthening primary healthcare systems,
and adopting cost-effective screening and early detection
programs.*® This study provides insight into the natural history
of BM-NSCLC in a resource-limited setting and highlights the
urgent need to improve equitable global access to effective
systemic therapies.
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