
Abstract. Background/Aim: We examined the difference
between whole-brain radiation therapy (WBRT) for
intracranial metastases (IM) from lung cancer as an initial
and as a late treatment affecting overall survival (OS).
Patients and Methods: Thirty-three patients who presented
with IM at initial examination who received WBRT as the
initial treatment (initial WBRT group) and 47 patients
without IM or with asymptomatic IM at initial examination
who received WBRT after systemic therapy, between January
2014 and December 2020, were retrospectively analyzed.
Patients’ OS after WBRT were compared. Results: Median
OS was significantly longer in patients treated with systemic
anticancer therapy after WBRT than in patients who were
not (176 vs. 47 days, respectively; p<0.001), and systemic
anticancer therapy after WBRT was a significant prognostic
factor (p<0.001). Conclusion: Treatment with systemic
anticancer therapy after WBRT may prolong the survival of
patients who present with IM at initial examination.

Lunq cancer is likely to cause brain metastases (BM). In
non-small-cell lung cancer (NSCLC), BM is reported to
occur in 50% of patients during the disease course and in 16-
30% after definitive radiation therapy (1, 2). In small-cell
lung cancer, BM is detected in 10-14% of patients at initial
examination and occurs in 59% after definitive radiation
therapy (3, 4). The National Comprehensive Cancer Network
guidelines recommend whole-brain radiation therapy

(WBRT) for patients with four or more BM from NSCLC
and for patients with BM from small-cell lung cancer (5, 6).
Regarding patients with 1-4 BM, several randomized
controlled trials reported that the addition of WBRT to
stereotactic radiosurgery significantly reduced subsequent
intracranial recurrence but did not improve overall survival
(OS) (7-9). To determine the prognosis of BM, recursive
partition analysis based on the performance status and age
of patients receiving WBRT and the presence or absence of
controlled primary tumors and extracranial metastases was
previously proposed (10). Subsequently, lung graded
prognostic assessment was developed by incorporating the
number of BMs in patients receiving WBRT or other
therapies for BM from lung cancer (11). In recent years, a
graded prognostic assessment that incorporates gene
mutations or rearrangements has been performed in patients
with NSCLC who received WBRT and other therapies (12).
When long-term survival is expected based on this
assessment, an increase in the total dose of WBRT is also
considered. We encountered patients with lung cancer
presenting with four or more intracranial metastases (IMs;
including meningeal dissemination) at initial examination
who received WBRT as their initial treatment followed by
systemic anticancer therapy and who achieved long-term
survival. To our knowledge, there are only two previous
reports on the timing of WBRT and OS. Both indicated that
administration of chemotherapy before WBRT did not affect
OS in patients who presented with IMs at initial examination
of NSCLC (13, 14). In the present study, we compared OS
between the initial WBRT group, which consisted of patients
with IMs at the initial examination who received upfront
WBRT (initial WBRT group), and patients treated with
WBRT after systemic anticancer therapy (late WBRT group).
The latter was composed of patients without IM at the initial
examination who received systemic anticancer therapy
followed by WBRT after the appearance of IMs, and patients
with asymptomatic IMs at the initial examination who
received systemic anticancer therapy followed by WBRT
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after exacerbation of IMs. We focused on the provision of
systemic anticancer therapy after WBRT and wanted to
recommend the ideal WBRT schedule in this study.

Patients and Methods

We retrospectively examined 80 patients with lung cancer as the
primary tumor and IM detected by brain magnetic resonance
imaging or computed tomography who received WBRT between
January 2014 and December 2020. We divided the patients into two
groups: i) The initial WBRT group, including patients with IM at
their initial examination who received WBRT as initial treatment;
and ii) the late WBRT group, including patients without IM at the
initial examination who received systemic anticancer therapy
followed by WBRT after the appearance of IMs, and patients with
asymptomatic IMs at the initial examination who received systemic

anticancer therapy followed by WBRT after exacerbation of IMs.
We included patients who received systemic anticancer therapy
combined with radiation therapy for the primary lesion but excluded
patients whose primary lesion was surgically resected.

This study was approved by our Institutional Review Board
(approval number: RK-210209-4) and informed consent was
obtained from all patients. We have read the Declaration of Helsinki
and conformed with its principles in this investigation. 

Statistical analyses. SPSS version 21.0 (IBM, Armonk, NY, USA) was
used for the statistical analysis. The patients’ characteristics in the
initial and late WBRT groups were compared using Fisher’s exact test.
The study endpoint was OS and OS was measured from the
completion of WBRT. Differences in OS after the completion of
WBRT between subgroups of patients were analyzed using the
univariate log-rank test and multivariate Cox proportional hazard
model for the following patient characteristics: Sex, age (<median vs.

Table I. Characteristics of study patients.

Characteristic                                                  Subgroup Initial WBRT Late WBRT p-Value

Patients                                                           Total n=33 n=47                              
Gender                                                            Male 28 (84.8%) 35 (74.5%)                       0.406
                                                                        Female 5 (15.2%) 12 (25.5%)                         
Age at WBRT, years                                      Median (range) 69 (49-83) 70 (29-85)                       0.651
Primary histological type, n (%)                   Adenocarcinoma 16 (48.5%) 16 (34.0%)                         
                                                                        With gene mutation/rearrangement, n                                   
                                                                        Yes 5 3                                 
                                                                        No 10 12                                
                                                                        Unknown 1 1                                 
                                                                        Adenosquamous carcinoma 0 (0%) 1 (2.1%)                           
                                                                        Small-cell carcinoma 10 (30.3%) 24 (51.1%)                         
                                                                        Squamous cell carcinoma 1 (3.0%) 4 (8.5%)                           
                                                                        Large-cell neuroendocrine carcinoma 2 (6.1%) 0 (0%)                            
                                                                        Carcinoma only 1 (3.0%) 0 (0%)                            
                                                                        Lung tumor only 3 (9.1%) 2 (4.3%)                           
IM at initial diagnosis, n (%)                        Yes 33 (100%) 11 (23.4%)                         
                                                                        No 0 (0%) 36 (76.6%)                         
ECOG PS at WBRT, n (%)                            0-1 16 (48.5%) 17 (36.2%)                       0.357
                                                                        2 15 (45.4%) 30 (63.8%)                         
                                                                        3 2 (6.1%) 0 (0%)                            
Symptom at WBRT, n (%)                            Yes 12 (36.4%) 17 (36.2%)                    >0.99
                                                                        No 21 (63.6%) 30 (63.8%)                         
No. of IMs at WBRT, n (%)                          1 0 (0%) 5 (10.6%)                          
                                                                        2-3 9 (27.3%) 7 (14.9%)                          
                                                                        ≥4 24 (72.7%) 35 (74.5%)                    >0.99
Extracranial metastatic disease                     Yes 24 (72.7%) 34 (72.3%)                    >0.99
at WBRT, n (%)                                            No 9 (27.3%) 13 (27.7%)                         

RT regimen, n (%)                                         20 Gy/5 fr 2 (6.1%) 1 (2.1%)                           
                                                                        30 Gy/10 fr 27 (81.8%) 38 (80.6%)                    >0.99
                                                                        37.5 Gy/15 fr 3 (9.1%) 4 (8.5%)                           
                                                                        40 Gy/20 fr 1 (3.0%) 4 (8.5%)                           
Systemic anticancer therapy                         Yes 8 (24.2%) 4 (8.5%)                         0.064
with WBRT, n (%)                                        No 25 (75.8%) 43 (91.5%)                         

Systemic anticancer therapy                         Yes 23 (69.7%) 22 (46.8%)                       0.066
after WBRT, n (%)                                        TKI 3 1                                 
                                                                        No 10 (30.3%) 25 (53.2%)                         

ECOG PS: Eastern Cooperative Oncology Group performance status; IM: intracranial metastasis; RT: radiotherapy; TKI: tyrosine kinase inhibitor;
WBRT: whole-brain radiation therapy.
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≥median), Eastern Cooperative Oncology Group (ECOG) performance
status (0-1 vs. ≥2), symptoms (yes vs. no), number of IMs (1-3 vs. ≥4),
extracranial metastatic disease (yes vs. no), WBRT group (initial
WBRT vs. late WBRT), and administration of systemic anticancer
therapy after WBRT (yes vs. no). Differences with p-values of less
than 0.05 were considered to denote statistical significance.

Results

Patient characteristics. The initial WBRT group consisted of
33 patients, and the late WBRT group of 47 patients. The
clinical data of all 80 patients are summarized in Table I.
There were 28 men (84.8%) and five women (15.2%) in the
initial WBRT group and 35 men (74.5%) and 12 women
(25.5%) in the late WBRT group. Both groups were similar
in terms of sex distribution. The median age at the time of all
WBRT was 70 years, and the proportions of patients of
median age or greater were similar in both groups. The most
common primary histological type was adenocarcinoma (16
patients, 48.5%) in the initial WBRT group and small-cell
carcinoma (24 patients, 51.1%) in the late WBRT group. In
adenocarcinomas, gene mutations (epidermal growth factor
receptor) or rearrangements (anaplastic lymphoma kinase)
were detected in only five patients in the initial WBRT group
and three patients in the late WBRT group. These patients had
received a tyrosine kinase inhibitor (TKI). The ECOG
performance status at the time of WBRT was 3 or less in both
groups, which were similar in terms of their performance
status. At the time of WBRT, symptoms associated with IM
were observed in 12 patients (36.4%) in the initial WBRT
group and 17 patients (36.2%) in the late WBRT group. The
proportions of patients with symptomatic IM were similar in
both groups. The number of IMs was defined as the number
of masses, including leptomeningeal metastasis, detected on
magnetic resonance imaging or computed tomography. The
most common number of IMs was four or more, which was
observed in 24 patients (72.7%) in the initial WBRT group
and 35 patients (74.5%) in the late WBRT group. Both groups

were similar in terms of the number of IM. Only five patients
(10.6%) in the late WBRT group had a single IM. In the
initial WBRT group, only two patients received WBRT for
residual lesions after resection of IMs. Extracranial metastasis
at the time of WBRT was observed in 24 patients (72.7%) in
the initial WBRT group and 34 patients (72.3%) in the late
WBRT group. Both groups were similar in terms of the
presence or absence of extracranial metastasis. In most of the
patients (80% or more), WBRT was administered with a 4-
10 MV linear accelerator, and the radiotherapy regimen was
30 Gy in 10 daily fractions. Both groups were treated in a
similar manner. Concurrent systemic anticancer therapy with
WBRT was defined as systemic anticancer therapy that was
begun within 14 days before the initiation of WBRT. Eight
patients (24.2%) in the initial WBRT group and four patients
(8.5%) in the late WBRT group received this treatment. After
WBRT, systemic anticancer therapy was administered to 23
patients (69.7%) in the initial WBRT group and 22 patients
(46.8%) in the late WBRT group, and TKI was administered
after WBRT to three and one patient, respectively. More
patients in the initial WBRT group received systemic
anticancer therapy with WBRT or after WBRT (p=0.064 and
p=0.066, respectively).

Overall survival. All patients were followed-up until death
from primary disease. Table II lists the results of univariate
and multivariate analyses for associations between patient
characteristics and prognosis after WBRT. Figures 1 and 2
summarize the comparisons of OS after WBRT between the
initial WBRT group and the late WBRT group, and between
patients treated with and without systemic anticancer therapy
after WBRT. Univariate analysis showed that the median OS
in the group treated with systemic anticancer therapy after
WBRT was significantly longer than that in the WBRT group
that did not receive this subsequent treatment (176 vs. 47
days, respectively; p<0.001). Multivariate analysis also
identified administration of this treatment after WBRT as a

Table II. Univariate and multivariate analyses of predictors of overall survival after whole-brain radiation therapy (WBRT).

Univariate analysis Multivariate analysis

Prognostic factor                                                         p-Value HR (95% CI) p-Value

Age at WBRT                                                              <70 vs. ≥70 Years                     0.470 1.031 (0.637-1.670)                   0.901
Gender                                                                         Male vs. Female                       0.154 1.780 (0.935-3.387)                   0.079
ECOG PS at WBRT                                                    0-1 vs. 2-3                                 0.036 1.341 (0.741-2.426)                   0.333
Symptoms at WBRT                                                   Yes vs. No                                 0.114 1.301 (0.720-2.349)                   0.383
No. of intracranial metastasis at WBRT                    1-3 vs. ≥4                                  0.950 1.116 (0.610-2.040)                   0.722
Extracranial metastatic disease at WBRT                 Yes vs. No                                 0.985 0.913 (0.503-1.658)                   0.764
WBRT arm                                                                  Initial vs. Late                           0.011 0.684 (0.387-1.207)                   0.190
Systemic anticancer therapy after WBRT                 Yes vs. No                                 0.000001 0.369 (0.218-0.626)                   0.000215

CI: Confidence interval; ECOG PS: Eastern Cooperative Oncology Group performance status. Statistically significant p-values are shown in bold.
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greatly significant prognostic factor (p<0.001). Univariate
analysis showed that OS was significantly longer in the
initial WBRT group than in the late WBRT group (p=0.011)
but multivariate analysis did not identify initial treatment
with WBRT as a significant prognostic factor. Univariate
analysis showed that OS was significantly longer in patients
with an ECOG performance status of 0-1 at the time of
WBRT than in those with an ECOG performance status of
≥2 (p=0.036) but multivariate analysis did not identify
ECOG performance status as a significant prognostic factor.

Discussion

The survival of patients with IM from lung cancer is poor,
with recent reports indicating a median survival of
approximately 7 months (1, 11, 15). Stereotactic radiosurgery
has been performed in patients with as few as 1-4 IMs, and
the addition of WBRT is considered to reduce subsequent
intracranial recurrence (7, 8, 9). WBRT remains the standard
treatment for patients with as many as four or more IMs (16,
17). However, the benefit of WBRT to prognosis is
unknown. A recent randomized controlled trial of optimal
supportive care including dexamethasone in combination
with or without WBRT showed no significant difference in
OS (18). The timing of WBRT varied in that trial, and the
administration of systemic anticancer therapy before WBRT
was also permitted. Only two randomized controlled trials

on the timing of WBRT and prognosis have been reported,
in which patients with BMs at the initial examination of
NSCLC received chemotherapy before WBRT. Both trials
showed that WBRT did not affect OS (13, 14). 

In the present study, the timing of IM detection varied
from initial examination to after systemic anticancer therapy.
There was only one previous report on the timing of IM
detection and OS, which indicated that OS was longer in
patients with IM detected after the initial examination than
in those with IM detected at presentation (15). This finding,
which the results of the present study contradict, seemed to
be because many patients with IM at presentation in that
study did not receive chemotherapy.

In the present study, we compared the survival rates of the
initial and late WBRT groups. Univariate analysis showed
that OS was significantly longer in the initial WBRT group
than in the late WBRT group, whereas multivariate analysis
revealed that OS was significantly longer in the group
receiving systemic anticancer therapy after WBRT. This
suggests that administration of systemic anticancer therapy
after WBRT was more effective in the initial WBRT group
than in the late WBRT group.

In the group receiving systemic anticancer therapy after
WBRT in the present study, the median OS was 176 days,
which was longer than the 9.2 weeks in a group receiving
optimal supportive care combined with WBRT in a previous
report (18). This difference can be explained because that

Figure 1. Kaplan-Meier survival curves of patients treated with initial
or late whole-brain radiation therapy (WBRT). The difference between
the two groups was statistically significant.

Figure 2. Kaplan-Meier survival curves of patients treated with and without
systemic anticancer therapy after whole-brain radiation therapy (WBRT).
The difference between the two groups was statistically significant.
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study included many patients with a poorer performance
status compared with our study. The current standard regimen
of WBRT is 30 Gy in 10 fractions or 20 Gy in five fractions
because no significant difference in OS was shown in
previous irradiation dose increment studies (19, 20). Although
an accelerated regimen of 40 Gy in 20 fractions twice daily
was also examined in recent years, OS did not differ between
this regimen and a regimen of 20 Gy in five fractions (21,
22). The present study identified treatment with systemic
anticancer therapy after WBRT as a markedly significant
prognostic factor for the first time, while the WBRT regimen
was 30 Gy in 10 fractions in most patients. In the future, rapid
switching from WBRT to systemic anticancer therapy may
prolong OS. In patients with WBRT as an initial treatment,
prolongation of treatment duration with an increased total
irradiation dose may not be necessary, but short-term
irradiation may be beneficial. One limitation of the present
study was that we were unable to evaluate neurological
functions and intracranial recurrence after WBRT. This was
attributed to the inclusion of more patients with an ECOG
performance status of ≥2 in the present study compared with
previous reports of WBRT. Correct neurological and repeat
imaging evaluation was difficult. Another limitation of this
study was that, while recent reports have indicated that OS is
improved by systemic anticancer therapy with TKI in patients
with metastatic lung cancer in whom gene mutations or
rearrangements are detected (23, 24), the present study
included only eight patients who had gene mutations or
rearrangements. In the future, we will accumulate data on
patients receiving short-term WBRT as an initial treatment
and the effect of gene mutations or rearrangements, and
examine the association between these features and OS.

In patients with WBRT as an initial treatment, immediate
induction of systemic anticancer therapy after WBRT may
be beneficial in OS.
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