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Purpose We aimed to evaluate the effectiveness of prophylactic cranial irradiation (PCI) for “early brain metastasis”, which occurs
before extracranial recurrence (ECR), and “late brain metastasis”, which occurs after ECR, in limited-stage small cell lung cancer
(LS-SCLC).

Materials and Methods We retrospectively analyzed 271 LS-SCLC patients who underwent definitive chemoradiation. All patients
were initially staged with brain magnetic resonance imaging and positron emission tomography. Intracranial recurrence (ICR), ECR,
progression-free rate (PFR), and overall survival (OS) were analyzed as clinical endpoints. The competing risk of the first recurrence
with ICR (ICRfirst) was evaluated. Significantly associated variables in multivariate analysis of ECR were considered as ECR risk fac-
tors. Patients were stratified according to the number of ECR risk factors.

Results The application of PCl was associated with higher PFR (p=0.008) and OS (p=0.045). However, PCl was not associated with
any of the clinical endpoints in multivariate analysis. The competing risk of ICRfirst was significantly decreased with the application of
PCI (hazard ratio, 0.476; 95% confidence interval, 0.243 to 0.931; p=0.030). Stage Ill disease, sequential, and stable disease after
thoracic radiation were selected as ECR risk factors. For patients without these risk factors, the application of PCI was significantly
associated with increased OS (p=0.048) and a decreased risk of ICRfirst (p=0.026).

Conclusion PCl may play a role in preventing early brain metastasis rather than late brain metastasis after ECR, suggesting that only

patients with a low risk of ECR may currently benefit from PCI.
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Introduction

Small cell lung cancer (SCLC) is a clinically aggressive
type of lung cancer. According to the Korean registry, 13.6%
of newly diagnosed lung cancer cases are SCLC [1]. Even
with a high responsiveness to chemotherapy and radiation
therapy (RT), SCLC tends to metastasize to the brain, which
is a significant obstacle to long-term survival [2]. Prophy-
lactic cranial irradiation (PCI) has been performed for pati-
ents with SCLC who showed a response after treatment to
reduce brain metastasis. Whether PCI is beneficial for bet-
ter clinical outcomes has been a constant topic of discussion.
For limited-stage (LS)-SCLC, the current evidence is mainly
based on a meta-analysis by Auperin et al. [3]. As more than

20 years have passed, there have been several changes in
clinical practice after the publication of the meta-analysis.
Advancements in imaging modalities such as positron emis-
sion tomography (PET) and magnetic resonance imaging
(MRI) have been incorporated into the staging of SCLC.
Brain MRI performed for neurologically asymptomatic SCLC
patients revealed brain metastasis in 15% of them [4]. Cli-
nicians have become unsure of the effectiveness of PCI for
LS-SCLC patients staged with brain MRI. There have been
new findings from trials on extensive-stage (ES)}-SCLC. In
a previous randomized trial by Slotman et al. [5], which
proceeded without brain MRI staging, PCI was effective in
reducing brain metastasis and improving survival. However,
a recent randomized trial by Takahashi et al. [6] used brain
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MRI for staging and surveillance, and PCI did not improve
overall survival (OS). The findings from ES-SCLC trials have
contributed to doubts about the effectiveness of PCI for LS-
SCLC.

Although clinical guidelines still recommend PCI for
LS-SCLC in various clinical situations [7,8], retrospective
series with modern imaging modalities have shown conflict-
ing results regarding the effectiveness of PCI in decreasing
brain metastasis and improving survival [9,10]. Therefore,
although there may be some subsets of LS-SCLC patients
who can benefit from PCI, it may not be beneficial for oth-
ers. Several studies have attempted to distinguish such sub-
groups [11,12]. However, there is no current consensus on the
clinical situation appropriate for PCL. We hypothesized that
the effect of PCI on LS-SCLC patients might differ between
“early brain metastasis”, which occurs before extracranial
recurrence (ECR), and “late brain metastasis”, which occurs
after ECR. Based on this hypothesis, progressed extracranial
disease after thoracic treatment may metastasize to the brain
even with initial intracranial disease control, and this type of
brain metastasis may not be preventable with PCI. The pur-
pose of this study was to evaluate the effectiveness of PCI for
early and late brain metastasis in LS-SCLC and to stratify the
clinical outcomes of PCI according to the risk of ECR.

Materials and Methods

1. Study population

The medical records of patients who underwent definitive
chemoradiation (concurrent or sequential) for LS-SCLC at
two institutions between January 2004 and December 2017
were reviewed retrospectively. All patients analyzed in this
study underwent staging procedures, including brain MRI
and PET, and the absence of brain metastasis was confirmed
at the time of initial diagnosis. Patients who experienced
progressive disease based on Response Evaluation Criteria
in Solid Tumors (RECIST) after definitive treatment were
excluded as they were not suitable for PCI. Patients who
underwent stereotactic ablative radiotherapy for the primary
thoracic disease were also excluded. Therefore, 271 patients
were eligible for this study.

2. Treatment and follow-up

The standard procedures of treatment for LS-SCLC were
6 cycles of etoposide plus cisplatin chemotherapy or etopo-
side plus carboplatin chemotherapy and concurrent RT. RT
was recommended with the 3rd cycle of chemotherapy or
earlier. Procedural details, such as the number of chemo-
therapy cycles or the start date of RT, were often adjusted
based on disease response and treatment adherence. The
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standard dose-fractionation scheme of thoracic RT was 50 to
60 Gy in 25 to 30 fractions. Treatment was delivered once a
day. A hypofractionated regimen (dose per fraction > 2 Gy)
was also permitted. Either three-dimensional conformal RT
or intensity-modulated RT were used in RT planning and
delivery. Response to chemoradiation was evaluated based
on RECIST after the end of chemoradiation by chest comput-
erized tomography (CT).

The decision to undergo PCI was individualized. PCI was
recommended to patients without progressive disease on a
chest CT scan after chemoradiation; however, treating clini-
cians could decide to omit PCI considering patient perfor-
mance, disease status, and patient reluctance. The standard
dose-fractionation scheme for PCI was 25 Gy in 10 fractions.
PCI was planned and delivered with parallel opposed fields.
The hippocampus was not spared.

A follow-up visit with chest CT was conducted every 3
months for the first 2 years after the treatment, followed by
every 6 months for 3 years. The patients did not undergo
brain MRI or PET unless recurrent disease or neurologic
symptoms were suspected.

3. Endpoints and statistics

The clinical endpoints analyzed in this study were intrac-
ranial recurrence (ICR), ECR, progression-free rate (PFR),
and OS. The event for ICR and ECR were defined as the
occurrence of the corresponding recurrence. The event for
PFR and OS were defined as the occurrence of any disease
progression and death from any cause, respectively. Time
interval for these clinical endpoints were measured from
the date of diagnosis to the date of the event or censoring.
The actuarial rates were calculated using the Kaplan-Meier
method. Univariate and multivariate analyses of four clini-
cal endpoints were performed to identify potential variables
affecting the outcomes using the Cox proportional hazards
model. Statistically significant (p < 0.05) and marginally sig-
nificant (p < 0.1) variables in univariate analysis were includ-
ed in multivariate analysis. The application of PCI was also
included in multivariate analyses for ICR, PFR, and OS as it
was a primary variable of interest in this study and expected
to affect these outcomes.

PFR event was subcategorized into two types: the first
recurrence with ICR (with or without ECR, abbreviated
to ICRfirst) and with ECR (without ICR, abbreviated to
ECRfirst). ICR confirmed within a month from the confir-
mation of ECR was considered as simultaneous ICR, and
the event was regarded as ICRfirst. The risk of ICRfirst was
modeled using a competing risk regression model, setting
ECRfirst as a competing event. The association of variables,
including PCI and the risk of ICRfirst, was evaluated.

Statistically significant variables in multivariate analysis of
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Table 1. Patient characteristics

Characteristic

PCI (n=211)

No PCI (n=60)

Age (yr)
Sex

Male

Female
Smoking history
Pack-year of smokers
FEV: (L)
FEV./FVC (%)

ECOG performance status at presentation

0-1
2-3
Clinical T category
T1
T2
T3
T4
Clinical N category
NO
N1
N2
N3
Disease stage (AJCC 8th)
IA
IB
IIA
1B
IIIA
I11B
1IC
Chemoradiation sequence
Concurrent
Sequential
Thoracic radiation modality
3D-CRT
IMRT (VMAT)
Thoracic radiation total dose (Gy)
Thoracic radiation fractionation
Chemotherapy regimen
Etoposide and cisplatin
Etoposide and carboplatin
Irinotecan and cisplatin
PCI dose-fractionation scheme
25 Gy /10 fx
Others

65 (39-79)

175 (82.9)
36 (17.1)

171 (81.0)
40 (5-120)

2. 29 (0.99-4.05)
68 (35-89)

199 (94.3)
12(57)

—~ BN BN

A~ N S S~~~
—
=
e
=

191 (90.5)
20 (9.5)

191 (90.5)
20 (9.5)

54 0 (43.2-72.0)
27 (15-33)

182 (86.3)

28 (13.3)
1(0.5)

204 (96.7)
7 (3.3)

70 (44-93)
51 (85.0)
15.0)
86.7)
10-100)
1.04-3.63)
43-91)

5

1(
9(
2(
45 (
2.15(
67 (

<0.001
0.779
0.415
0.051
0.073
0.346

0.189

0.840

0.814

0.771

<0.001

0.325

0.092
0.147

<0.001

(Continued to the next page)
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Table 1. Continued

Characteristic PCI (n=211) No PCI (n=60)

Response to chemoradiation (RECIST)

p-value

Complete response 32 (15.2) 4(6.7) 0.005
Partial response 158 (74.9) 41 (68.3)
Stable disease 21(9.9) 15 (25.0)

Values are presented as median (range) or number (%). 3D-CRT, three-dimensional conformal radiation therapy; AJCC, American Joint
Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; FEV;, forced expiratory volume in 1 second; FVC, forced vital capac-
ity; IMRT, intensity-modulated radiation therapy; PCI, prophylactic cranial irradiation; RECIST, Response Evaluation Criteria in Solid

Tumors; VMAT, volumetric-modulated arc therapy.

ECR were considered as risk factors of ECR. Patients were
categorized according to the number of risk factors of ECR.
The association of PCI with ICR, OS, and the competing risk
of ICRfirst was evaluated according to the number of risk
factors of ECR. The statistical significance of the difference in
continuous variables was evaluated by t test, and categorical
variables were analyzed by chi-square test. Statistical signifi-
cance was defined as a p value lower than 0.05. All statistical
analyses were performed using R ver. 4.2.1 (The R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

1. Patient characteristics

The median follow-up period was 30.7 months (range, 4.9
to 156.7 months). A total of 211 patients (77.9%) underwent
PCI, whereas 60 (22.1%) patients did not. The characteristics
of the patients according to the application of PCI are sum-
marized in Table 1. The patients were predominantly male
(83.4%). Around 82.3% of patients reported a smoking his-
tory. Most patients (93.0%) had a good performance status
at the initial presentation. A high rate (79.3%) of stage III dis-
ease was reported. Some differences in baseline characteris-
tics according to the application of PCI were observed; the
age at diagnosis (median, 65 vs. 70 years; p < 0.001), rate of
sequential chemoradiation (9.5% vs. 46.7%, p < 0.001), and
rate of stable disease after chemoradiation (9.9% vs. 25.0%,
p=0.005) were higher among patients without PCL. In the
PCI group, 96.7% of patients underwent PCI with a dose-
fractionation scheme of 25 Gy in 10 fractions. A total of four
patients (1.9%) underwent PCI with 30 Gy in 10 fractions. In
addition, two patients (0.9%) received 30 Gy in 12 fractions,
and one patient (0.5%) received 20 Gy in 10 fractions.

2. Clinical outcomes

The Kaplan-Meier curves of ICR, ECR, PFR, and OS are
illustrated in Fig. 1. The actuarial 2-, 3-, and 5-year rates of
ICR were 14.5%, 23.2%, and 28.1% with PCI, respectively,
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and 27.1%, 27.1%, and 32.7% without PCI, respectively. The
actuarial 2-, 3-, and 5-year rates of ECR were 48.7%, 53.3%,
and 60.8% with PCI, respectively, and 54.9%, 59.6%, and
66.5% without PCI, respectively. No statistically significant
difference in ICR (p=0.111) or ECR (p=0.193) according to the
application of PCI was observed. The actuarial PFR at 2, 3,
and 5 years were 45.4%, 39.3%, and 33.4% with PCI, respec-
tively, and 30.8%, 26.7%, and 21.0% without PCI, respective-
ly. The actuarial rates of OS at 2, 3, and 5 years were 67.8%,
50.0%, and 36.9% with PCI, respectively, and 57.7%, 41.1%,
and 32.5% without PCI, respectively. PFR (p=0.008) and OS
(p=0.045) were higher with PCI than without PCL

The results of univariate and multivariate analyses for four
clinical endpoints are summarized in Table 2. In multivariate
analysis for ICR, patients with stable disease after thoracic
chemoradiation had a significantly higher risk of ICR (haz-
ard ratio [HR], 2.164; 95% confidence interval [CI], 1.154 to
4.057; p=0.016). ECR was associated with disease stage (III
vs. I-II: HR, 1.763; 95% CI, 1.152 to 2.696; p=0.009), chemora-
diation sequence (concurrent vs. sequential: HR, 1.512; 95%
CI, 1.009 to 2.267; p=0.045), and treatment response (stable
disease vs. complete response or partial response: HR, 2.097;
95% CI, 1.364 to 3.225; p=0.001). Higher disease stage (HR,
1.793; 95% CI, 1.198 to 2.684; p=0.005) and worse treatment
response (HR, 1.961; 95% CI, 1.291 to 2.981; p=0.002) were
significantly associated with lower PFR. OS was associated
with forced expiratory volume in 1 second/forced vital
capacity (HR, 1.399; 95% CI, 1.014 to 1.931; p=0.041), disease
stage (HR, 1.931; 95% CI, 1.278 to 2.916; p=0.002), and treat-
ment response (HR, 1.887; 95% CI, 1.247 to 2.857; p=0.003).
PCI was not significantly associated with any of the four
clinical endpoints in multivariate analysis.

3. Competing risk regression

Data on the risk of ICRfirst and ECRfirst in the compet-
ing risk regression model are summarized in S1 Table. The
application of PCI was associated with a lower risk of ICRfirst
(HR, 0.476; 95% CI, 0.243 to 0.931; p=0.030). No other variable
was significantly associated with ICRfirst. Worse treatment
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Fig. 1. Kaplan-Meier curves of intracranial recurrence (A), extracranial recurrence (B), progression-free rate (C), and overall survival (D)

according to the application of prophylactic cranial irradiation (PCI).

response was associated with a higher risk of ECRfirst (HR,
1.849; 95% CI, 1.342 to 2.548; p < 0.001). The actuarial rates of
ICRfirst and ECRfirst according to the application of PCI are
illustrated in Fig. 2.

4, Stratification according to the risk of ECR

Three variables (disease stage, chemoradiation sequence,
and treatment response) significantly associated with ECR in
multivariate analysis were defined as risk factors of ECR. The
entire cohort was stratified according to the number of risk
factors of ECR. Overall, 41 (15.1%), 173 (63.8%), 45 (16.6%),
and 12 (4.4%) patients had 0, 1, 2, and 3 risk factors, respec-
tively. The Kaplan-Meier curves of ICR and ECR according
to the number of ECR risk factors are illustrated in Fig. 3.
Both ICR (p=0.001) and ECR (p < 0.001) were significantly
increased with a higher number of ECR risk factors.

To evaluate the effect of PCI according to the number of
ECR risk factors, the ICR, OS, and competing risk of ICRfirst
were quantified for each group. For patients without any risk

factors of ECR, the application of PCI was associated with
marginally higher ICR (p=0.076). Higher OS (p=0.048) and
a lower competing risk of ICRfirst (p=0.026) were observed
among patients with PCI in this group. The ICR, OS, and
competing risk of ICRfirst and ECRfirst of patients without
risk factors of ECR are illustrated in Fig. 4. Characteristics
of patients without ECR risk factors were summarized in
52 Table. Statistically significant differences in age, clinical
T category, thoracic radiation modality, and chemotherapy
regimen according to the application of PCI were observed.
No statistically significant difference in the ICR, OS, and
competing risk of ICRfirst was found for patients with 1, 2,
or 3 risk factors. The actuarial rates of these outcomes are
illustrated in S3 Fig.
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Table 2. Univariate and multivariate analyses of clinical endpoints

Characteristic Intracranial recurrence Extracranial recurrence
(comparison vs. Univariate Multivariate Univariate Multivariate
reference) HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Prophylactic cranial 0.623 0.347-1.121 0.114 0.657 0.362-1.192 0.167 0.778 0.534-1.135 0.193 - - -
irradiation (yes vs. no)

Age (>70 vs. <70 yr) 0.894 0.483-1.656 0.722 - - - 1.028 0.712-1.485 0.883 - - -

Sex (male vs. female) 1.393 0.661-2.937 0.384 - - - 1.251 0.803-1.950 0.322 - - -

Smoking (yes vs. no) 1.722 0.782-3.791 0.177 - - - 1.088 0.713-1.660 0.695 - - -

FEV:/FVC 1416 0.821-2.442 0211 - - - 1.133 0.816-1.575 0456 - - -
(<70% vs.=70%)

ECOG performance 0.905 0.283-2.895 0.866 - - - 1.397 0.791-2.468 0.249 - - -
status (2-3 vs. 0-1)

Initial neuron- 0.928 0.511-1.684 0.806 - - - 0.974 0.675-1.406 0.889 - - -

specific enolase
(>16.3 vs.<16.3 ng/mL)
Initial neutrophil- 1.879 1.045-3.379 0.035 1.617 0.890-2.938 0.115 1.095 0.718-1.671 0.674 - = =
lymphocyte ratio
(>3.53 vs. <3.53)
Disease stage (Il vs. I-1I) ~ 1.879 0.923-3.824 0.082 1.845 0.892-3.814 0.099 1.664 1.090-2.541 0.018 1.763 1.152-2.696 0.009

Chemoradiation sequence 1.343 0.697-2.589 0.378 - - - 1.671 1.135-2.459 0.009 1.512 1.009-2.267 0.045
(sequential vs. concurrent)
Treatment response 2.358 1.270-4.376 0.007 2.164 1.154-4.057 0.016 2.285 1.513-3.450 <0.001 2.097 1.364-3.225 0.001
(SD vs. CR-PR)
Characteristic Progression-free rate Overall survival
(comparison vs. Univariate Multivariate Univariate Multivariate
reference) 95% CI p-value HR  95% CI p-value 95% CI p-value HR  95% CI p-value
Prophylactic cranial 0.634 0.451-0.892 0.009 0.784 0.529-1.163 0.227 0.707 0.503-0.994 0.046 0.902 0.608-1.339 0.609
irradiation (yes vs. no)
Age (>70 vs. <70 yr) 1.018 0.726-1.428 0918 - - - 1.363 0.981-1.893 0.065 1.398 0.982-1.991 0.063
Sex (male vs. female) 1.409 0.923-2.151 0.112 - - - 1.409 0923-2.151 0.112 - - -
Smoking (yes vs. no) 1.163 0.782-1.732 0.456 - - - 1.459 0.956-2.227 0.080 1.170 0.757-1.808 0.480
FEV:/FVC 1.300 0.953-1.775 0.098 1.184 0.855-1.640 0.309 1.491 1.092-2.036 0.012 1.399 1.014-1.931 0.041
(<70% vs.=70%)
ECOG performance 1.293 0.749-2.232 0357 - - - 1.422 0.808-2.504 0.223 - - -
status (2-3 vs. 0-1)
Initial neuron- 0.975 0.693-1.374 0.886 - - - 0.899 0.637-1.270 0.546 - - -

specific enolase
(>16.3 vs.<16.3 ng/mL)
Initial neutrophil- 1.397 0.965-2.023 0.076 1.183 0.797-1.756 0.404 1.256 0.860-1.834 0.238 - - -
lymphocyte ratio
(>3.53 vs. < 3.53)
Disease stage (Il vs. I-11) ~ 1.766 1.192-2.618 0.005 1.793 1.198-2.684 0.005 1.851 1.236-2.772 0.003 1.931 1.278-2.916 0.002
Chemoradiation sequence 1.627 1.132-2.339 0.009 1.498 0.980-2.290 0.062 1.719 1.204-2.454 0.003 1.391 0.898-2.157 0.140
(sequential vs. concurrent)
Treatment response 2.283 1.555-3.354<0.001 1.961 1.291-2.981 0.002 2.000 1.367-2.925 <0.001 1.887 1.247-2.857 0.003
(SD vs. CR-PR)

CI, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; FEV?, forced expiratory volume in 1 second;
FVC, forced vital capacity; HR, hazard ratio; PR, partial response; SD, stable disease.
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Fig. 2. Kaplan-Meier curves of first recurrence with intracranial
recurrence (with or without extracranial recurrence, ICRfirst)
and first recurrence with extracranial recurrence (without
intracranial recurrence, ECRfirst) according to the application of
prophylactic cranial irradiation (PCI) based on a competing risk

regression model.

Discussion

This study evaluated the efficacy of PCI for LS-SCLC
patients considering the currently available staging modali-
ties, including brain MRI and PET. In this study, patients
who underwent PCI had better PFR and OS; however, there
was no difference in ICR. Furthermore, significantly differ-
ent baseline characteristics were observed between the two
groups, and multivariate analysis showed that PCI was not
associated with increased PFR and OS, suggesting that the
better PFR and OS of patients with PCI may be attributed
to different baseline characteristics rather than the actual

p=0.001

0.4

0.2

No. of risk factors

Intracranial recurrence rate

U T T T T T
0 1 2 3 4 5

Years from diagnosis

No. at risk
0 4 39 29 24 19 14
1 173 153 111 78 57 43
2 45 36 18 8 7 6
3 12 7 2 2 0 0

efficacy of PCL In the actuarial rates of ICR (Fig. 1A), pati-
ents without PCI showed a plateau after an early (< 2 years)
increase, and patients with PCI showed a constant increase
for 5 years, resulting in a non-significant difference between
the two groups. We hypothesized that PCI may not be
effective with late brain metastasis after the initial ECR based
on this observation. In the competing risk regression model,
patients who underwent PCI had a lower risk of ICRfirst,
implying that PCI may be effective for decreasing early brain
metastasis. We also stratified the cohort according to the risk
of ECR. Patients without ECR risk factors also had a low risk
of ICR; however, the effectiveness of PCI was maintained in
this group. PCI was not effective for patients with ECR risk
factors. Therefore, the result suggests that patients with a
low risk of ECR may benefit from PCI, which is consistent
with the hypothesis. In the hypothesis, the effectiveness of
PCI may be associated with the risk of early brain metasta-
sis rather than the absolute risk of brain metastasis. Patients
with risk factors of ECR had a relatively higher composition
of ECRfirst than ICRfirst in the competing risk regression (S3
Fig.). Although patients with risk factors of ECR had a high
risk of ICR, patients with low risk of ECR would benefit from
PCI due to a relatively high composition of early brain me-
tastasis.

Several reports have studied the effectiveness of PCI for
LS-SCLC with initial staging with brain MRI. Contrary to
this study, some of these studies reported a lower risk of ICR
with PCI [10-16]. However, some other studies showed no
difference in ICR according to the application of PCI, similar
to this study. Farris et al. [17] analyzed 92 LS-SCLC patients
without progressive disease after definitive treatment and
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without brain metastasis in both pre- and post-treatment
brain MRI. They observed significantly better progression-
free survival and better OS with marginal significance
among patients who underwent PCI; however, ICR did not
show a significant difference. Pezzi et al. [9] evaluated 297
patients with LS-SCLC using propensity score matching and
competing risk regression. They reported that there was no
difference in OS according to the application of PCI. The
exact reason for the varying effects of PCI on ICR in these
retrospective studies is unknown. Choi et al. [18] suggested
that the effectiveness of PCI for ICR may differ depending
on initial staging with PET. They reported that the ICR of
patients staged using PET did not decrease following PCI.
All patients analyzed in the current study were staged using
both brain MRI and PET, and the results are consistent with
those of Choi et al. [18]. Nevertheless, several studies that
reported the significant effect of PCI on ICR have used PET
as a staging procedure [10-13].

According to the actuarial rate of ICR in a study by Far-
ris et al. [17], patients without PCI had a higher rate of ICR
initially; however, ICR was subsequently observed among
patients with PCI, resulting in a non-significant difference in
ICR between the two groups. This pattern was also observed
in the current study. We believe that the effect of PCI may be
different between early and late brain metastasis and thus
performed competing risk analysis. The study by Pezzi et
al. [9] also used competing risk analysis to assess the effec-
tiveness of PCI for LS-SCLC. They reported that PCI did not
affect ICR risk in competing risk regression modeling. The
main difference in competing risk regression between their
study and the current study is the competing event; they set
death as the competing event, whereas we used ECRfirst
to verify the effect of PCI on early brain metastasis. We
believe thatourapproach to differentiating early and late brain
metastasis is feasible and warrants further investigation.

According to the results of this study, a subset of early-
stage (stage I-II) LS-SCLC patients benefited the most from
PCI. Although not confirmative, current clinical guide-
lines have indicated that the benefit of PCI for early-stage
LS-SCLC is not well-established [7,8]. Several retrospective
series showed a low risk of ICR in early-stage LS-SCLC.
Although some studies compared patients with and without
PCI [12,19], others only reported a lower risk of ICR with
early-stage disease without evaluating the effectiveness of
PCI [20,21]. This study showed that patients with numeri-
cally high rate of ICR do not necessarily benefit from PCI and
vice versa. Any improvement in clinical outcomes should be
evaluated before concluding the effectiveness of PCI, and
additional studies are still needed in this context. Some sur-
gical series also stated that very early-stage (stage I or pNO)
LS-SCLC may not require PCI [22,23]. In the current study,
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only patients who underwent chemoradiation were includ-
ed. Slightly less than 10% of the included patients had stage
I disease; however, the disease stage of these patients was
not pathologically confirmed. Although pathologically con-
firmed very early-stage disease may be exempt from PCI due
to the low risk of ICR, this does not inevitably extend to clini-
cally staged early-stage LS-SCLC patients who underwent
chemoradiation.

There were several limitations in this study. As a retrospec-
tive study, the baseline characteristics of patients were not
well-balanced. Although we tried to mitigate these differ-
ences by multivariate and subgroup analyses, there still may
be uncorrected bias. Additionally, the rate of ICR may have
been underestimated. ICR evaluation by brain imaging was
only performed when neurologic symptoms were present,
and there could be asymptomatic ICR events overlooked by
clinicians. Nevertheless, we believe that this study provided
valuable insights into the management of ICR for LS-SCLC
patients.

In conclusion, the application of PCI decreased ICRfirst.
PCI may prevent early brain metastasis but not late brain
metastasis. In subgroup analysis, patients without any risk
factors of ECR (stage III, sequential chemoradiation, and
stable disease after thoracic RT) had a low risk of ICR. PCI
decreased ICRfirst and increased OS in this patient group
alone. Therefore, PCI may be beneficial for patients with a
low risk of ECR.
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