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Purpose: To identify risk factors for developing symptomatic brain metastases and evaluate the impact of
prophylactic cranial irradiation (PCI) on brain metastasis-free survival (BMFS) and overall survival (OS) in
extensive disease small cell lung cancer (ED-SCLC).
Materials and methods: Among 190 patients diagnosed with ED-SCLC who underwent FDG PET/CT and
brain Magnetic Resonance Imaging (MRI) prior to treatment, 53 (27.9%) received PCI while 137 (72.1%)
did not. Prognostic index predicting a high risk of symptomatic brain metastases was calculated for
the group without receiving PCI (observation group, n = 137) with Cox regression model.
Results: Median follow-up time was 10.6 months. Multivariate Cox regression showed that the following
three factors were associated with a high risk of symptomatic brain metastases: the presence of extratho-
racic metastases (p = 0.004), hypermetabolism of bone marrow or spleen on FDG PET (p < 0.001), and high
neutrophil-to-lymphocyte ratio (p = 0.018). PCI significantly improved BMFS in high-risk patients (1-year
rate: 94.7% vs. 62.1%, p = 0.001), but not in low-risk patients (1-year rate: 100.0% vs. 87.7%, p = 0.943).
However, PCI did not improve OS in patients at high risk for symptomatic brain metastases (1-year rate:
65.2% vs. 50.0%, p = 0.123).
Conclusion: Three prognostic factors (the presence of extrathoracic metastases, hypermetabolism of bone
marrow or spleen on FDG PET, and high neutrophil-to-lymphocyte ratio) were associated with a high risk
of symptomatic brain metastases in ED-SCLC. PCI was beneficial for patients at a high risk of symptomatic
brain metastases in terms of BMFS, but not OS. Thus, selective use of PCI in ED-SCLC according to the risk
stratification is recommended.

� 2020 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 143 (2020) 81–87
Prophylactic cranial irradiation (PCI) has become the standard
treatment for small cell lung cancer patients with complete remis-
sion after chemotherapy and radiotherapy since the publication of
an individual-patient-data-based meta-analysis [1]. However, PCI
for patients with extensive disease small cell lung cancer (ED-
SCLC) is controversial in terms of survival benefit. In 2007, the
European Organization for Research and Treatment of Cancer
published results of a phase 3 study in which 286 patients with
ED-SCLC were randomly assigned to receive PCI or observation
[2]. Investigators of that study concluded that PCI could reduce
the incidence of symptomatic brain metastases and increase the
overall survival compared to observation. However, in 2017, Japa-
nese groups published another phase 3 study and reported that PCI
did not result in longer overall survival of ED-SCLC patients com-
pared to observation [3]. They reported that PCI might be helpful
for some patients. Thus, it is crucial to identify those patients
and provide tailored therapy.

A few studies have suggested that [18F]fluoro-2-deoxy-
d-glucose (FDG) positron emission tomography/computed tomog-
raphy (PET/CT) might be useful in the initial-staging, treatment
planning, and follow-up of patients with ED-SCLC as well as
limited-disease (LD) [4–6]. Schumacher et al. [7] have reported
that 27% of primary staging in SCLC patients are upstaged from
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LD by conventional imaging to ED by FDG PET. Several other stud-
ies have also suggested that FDG PET is significantly better than
conventional imaging in the detection of extrathoracic lymph node
and stage migration, thus correctly upstaging patients to ED or
downstaging them to LD [8,9].

Recently, several articles have reported that bone marrow (BM)
or spleen uptake of pretreatment FDG PET/CT is an independent
prognostic factor for predicting recurrence [10,11]. Bang et al. have
suggested that FDG uptakes by the spleen, BM, liver, and primary
tumor are all significant prognostic factors for recurrence in uni-
variate analysis. In addition, splenic FDG uptake was an indepen-
dent, powerful poor prognostic factor for predicting disease-free
survival. Based on previous studies, we expect that we may find
metabolic parameters from spleen or BM as well as primary tumor
on FDG PET/CT for predicting symptomatic brain metastases and
use them to select patients who can benefit from PCI.

In this study, we aimed to find clinical and metabolic parame-
ters on FDG PET/CT for predicting the development of symptomatic
brain metastases in ED-SCLC patients without brain metastases on
initial brain Magnetic Resonance Imaging (MRI) in order to select
high-risk patients with symptomatic brain metastases who might
obtain benefit from PCI.
Materials and methods

Patient characteristics

Patients diagnosed as ED-SCLC from June 2006 to December
2017 were enrolled in this retrospective study. Initial staging eval-
uation for selecting ED-SCLC patients was performed based on pre-
treatment FDG PET/CT and brain MRI. Patients without brain MRI
nor FDG PET/CT workup were excluded from this study to reflect
the current practice as realistically as possible. All patients were
confirmed to be free of brain metastases. They received at least
two cycles of platinum-based doublet chemotherapy. The median
interval between FDG PET/CT and the start of chemotherapy was
5 days (range, 0–36 days). Imaging for evaluating response to the
initial chemotherapy was performed around one month before
and after the end of the initial chemotherapy cycle. Brain
metastasis-free survival (BMFS) analysis was performed for the
total set of patients (n = 190) (Fig. 1). Risk prediction model anal-
ysis was performed using a subset of observed patients (n = 137)
to assess the predictability of brain metastasis in the absence of
brain irradiation. Finally, overall survival (OS) analysis was per-
formed after 1:1 propensity score matching (n = 96) to correct
patient selection bias.
Treatment and follow-ups

Patients received a combination of cisplatin/etoposide, carbo-
platin/etoposide, or cisplatin/irinotecan. Radiotherapy was admin-
istered for PCI as well as consolidative thoracic radiation. While
thoracic radiation was administered using either three-
dimensional conformal radiotherapy or intensity-modulated radio-
therapy, opposed lateral fields of two-field technique were used for
PCI with dose/fractionation scheme of either 25 Gy/10 fx or
20 Gy/5 fx. Assessment of response to the initial chemotherapy
was performed via chest/abdomen CT at 1 month before and after
the end of the initial chemotherapy. Routine follow-ups were per-
formed every three months. Brain imaging was reserved for
patients with symptoms including headaches, nausea, neurologic
symptoms, and so on suggestive of brain metastasis only. Routine
surveillance brain imaging was not performed. Each patient was
instructed to visit the emergency room as early as possible when
any symptom occurred or aggravated.
Propensity score matching

To correct patient selection bias arisen from choosing whom to
give PCI, propensity score (PS) matching was performed. Signifi-
cantly different variables after Chi-square analysis between PCI
and observation groups were selected for PS matching. PS match-
ing was carried out using a ratio of 1:1 and a caliper distance of
0.025 without replacement. Since covariates considered for PS
matching primarily included factors associated with OS, PS-
matched cohort was used in OS analysis only.
Generating prognostic index for brain metastasis

Prognostic index predicting a high risk of symptomatic brain
metastasis was calculated in the observation group (n = 137) using
Cox regression model. Prognostic index was generated by summat-
ing significant factors weighted by hazard ratio of each. The patient
group was dichotomized into two groups according to the calcu-
lated risk score, the prognostic index.
18F-FDG PET/CT protocol

18F-FDG PET/CT was performed for staging before the initiation
of any treatment. Patients underwent 18F-FDG PET/CT using a ded-
icated PET/CT scanner (Biograph 40 True-point, Siemens, Knoxville,
TN, USA). After fasting for at least six hours, [18F] FDG of 5.18 MBq/
kg was administered intravenously. Image acquisition was started
at 60 min after the injection. Serum glucose levels were less than
150 mg/dL at the time of FDG administration in all patients. PET
images were corrected for attenuation and reconstructed onto a
matrix of 128 � 128 using a three-dimensional ordered-subsets
expectation maximization algorithm (2 iterations, 21 subsets).
Analysis of FDG PET/CT

FDG uptakes in spleen and BM were visually interpreted
because not all patients had eligible data available for quantifying
standardized uptake values (SUV) of BM or spleen. Visual analysis
was done without any clinical information by consensus between
two nuclear medicine physicians using a commercial software
(Syngo.via, VA 30, Siemens Healthcare, Erlangen, Germany).
Maximum-intensity projection (MIP) images were preferentially
used for assessing FDG uptake of the spleen and BM (Supplemen-
tary Fig. 1). If it was difficult to judge FDG uptake fromMIP images,
transaxial and coronal fusion images were used together. When
either BM or spleen showed FDG uptake, we annotated such case
as ‘‘SBM uptake”. When comparing visual examination and quan-
tification analysis in quantifiable FDG PET/CT subgroups, no signif-
icant difference was observed between the two methodologies.
Therefore, we concluded that visual analysis was an acceptable
method for assessing FDG uptakes in both BM and spleen (Supple-
mentary Table 1).
Statistical analysis

BMFS was defined as the time from the date of initial diagnosis
to the date of brain metastases. OS was calculated from the time
from the date of initial diagnosis to the date of death or the last
follow-up. BMFS and OS curves were calculated using the
Kaplan–Meier method. Differences between curves were assessed
with the log-rank test. P-value <0.050 was considered statistically
significant. Factors initially significant on univariate analyses and
factors found to be clinically significant determined by researchers
were incorporated into multivariate models. Backward stepwise
elimination with a threshold of p = 0.050 was used to select factors
in the final model.



Table 1
Patient characteristics.

Variables PCI (%)
(n = 53)

Observation
(%)
(n = 137)

p-
value

Age, years (range) 66 (47–
87)

70 (42–89) 0.100

>70 33 (62.3) 66 (48.2) 0.081
�70 20 (37.7) 71 (51.8)

Sex
Male 45 (84.9) 117 (85.4) 0.931
Female 8 (15.1) 20 (14.6)

ECOG
0–1 50 (94.3) 105 (76.6) 0.005
�2 3 (5.7) 32 (23.4)

Response to initial chemotherapy
Complete 6 (11.3) 2 (1.5) <0.001
Partial 39 (73.6) 82 (59.9)
Stable, progressive 8 (15.1) 53 (38.6)

Total number of initial
chemotherapy
<4 0 (0.0) 26 (19.0) 0.001
�4 53 (100.0) 111 (81.0)

Regimen of initial chemotherapy
Carboplatin/Etoposide 18 (34.0) 73 (53.3) 0.041
Cisplatin/Etoposide 31 (58.5) 53 (38.7)
Cisplatin/Irinotecan 4 (7.5) 11 (8.0)

Number of metastatic lesions
1 31 (58.5) 76 (55.5) 0.707
�2 22 (41.5) 61 (44.5)

Presence of extrathoracic
metastases
Yes 39 (73.6) 98 (71.5) 0.777

462 pa�ents diagnosed as ED-SCLC

272 pa�ents were excluded
119 with no brain MRI
44 with no PET
109 with ini�al brain metastasis

N=190

PCI
N=53

Observa�on
N=137

PCI
N=48

Observa�on
N=48

1:1 propensity score matching

Risk predic�on model analysis
for brain metastasis

Overall survival analysis 
a�er propensity score matching

Brain metastasis-free survival analysis

Fig. 1. Patient enrollment and analysis subgroups. Among 462 patients with ED-SCLC, only 190 were enrolled for this study. A total of 190 patients were eligible for brain
metastasis-free survival analysis. Patients who did not receive PCI were eligible for risk prediction model analysis for brain metastases. Overall survival analysis was
performed after 1:1 propensity score matching.
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The predictive performance of SBM uptake was investigated by
time-dependent receiver operating characteristic (ROC) analysis
for BMFS and OS. All continuous variables were dichotomized as
yes or no, or high or low, with a different cut-off value that maxi-
mized the area under the ROC curve (AUROC). AUROC was calcu-
lated using the cutoff finder [12], a freely available program on
the internet (http://molpath.charite.de/cutoff). All statistical analy-
ses were performed using STATA software version 14.0 (Stata Co.,
College Station, TX, USA).

Results

Patients characteristics

Clinical features of 190 patients who met our inclusion and
exclusion criteria are summarized in Table 1. Fifty-three patients
(27.9%) received PCI while 137 (72.1%) patients did not. The med-
ian follow-up duration was 10.6 months (range, 1.5–56.2 months).
The median age was 66 years (range, 47–87 years) in the PCI group
and 70 years (range, 42–89 years) in the observation group
(p = 0.100). Percentages of patients with the Eastern Cooperative
Oncology Group (ECOG) performance status score higher than 2
(5.7% vs. 23.4%, p = 0.005), stable or progressive disease after initial
chemotherapy (15.1% vs. 38.6%, p < 0.001), and less than four cycles
of initial chemotherapy (0% vs. 19.0%, p = 0.001) were lower in the
PCI group. There was also an unbalanced use of initial chemother-
apy regimens between PCI and observation groups (p = 0.041).
Thoracic radiation was administered to 5 (9.4%) patients in the
PCI group and 12 (8.8%) patients in the observation group, respec-
tively (p = 0.884). Forty-seven (88.7%) and six (11.3%) patients
received PCI at dose of 25 Gy/10fx and 20 Gy/5fx, respectively.
No 14 (26.4) 39 (28.5)

Smoking
Yes 40 (75.5) 113 (82.5) 0.274
No 13 (24.5) 24 (17.5)

Radiotherapy
Thoracic radiation 5 (9.4) 12 (8.8) 0.884

PCI dose/fractionation
25 Gy/10 fx 47 (88.7) –
20 Gy/5 fx 6 (11.3) –
Survival outcome

Brain metastasis-free survival & overall survival
Univariate and multivariate analyses according to risk factors

were evaluated for BMFS and OS (Supplementary Table 2). In mul-
tivariate analysis, progressive disease after initial chemotherapy
(HR: 4.175; 95% CI: 1.380–12.630; p = 0.011) and the presence of
extrathoracic metastases (HR: 3.762; 95% CI: 1.546–9.155;

http://molpath.charite.de/cutoff
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p = 0.004) were independently associated with worse BMFS. How-
ever, receipt of PCI did not improve BMFS (HR: 1.777; 95% CI:
0.879–3.592; p = 0.110). As for OS, multivariate analysis showed
that ECOG score higher than 2 (HR: 2.176; 95% CI: 1.446–3.275;
p < 0.001), less than four cycles of initial chemotherapy (HR:
2.223; 95% CI: 1.335–3.702; p = 0.002), progressive disease after
initial chemotherapy (HR: 2.117; 95% CI: 1.279–3.503; p = 0.004),
presence of extrathoracic metastases (HR: 1.881; 95% CI: 1.286–
2.751; p = 0.001), and omitting PCI (HR: 1.443; 95% CI: 1.001–
2.052; p = 0.049) were associated with worse OS. With the assump-
tion that there might have been a selection bias in the PCI group
with better survival prognosis, we used PS matching analysis to
control for differences in baseline characteristics between PCI
and observation groups.

Overall survival with propensity score matching
Patient characteristics were the same between the two groups

after 1:1 PS matching was performed with a total number of 96
patients (Supplementary Table 3). In a PS-matched cohort, multi-
variate analysis showed that only the presence of extrathoracic
metastases (HR: 1.769; 95% CI: 1.021–3.067; p = 0.042) was asso-
ciated with worse OS (Table 2). PCI (HR: 1.324; 95% CI: 0.870–
2.014; p = 0.190) was not associated with OS after PS matching.
Risk prediction model for brain metastasis and the impact of PCI

Risk prediction model for brain metastasis
In the observation group (n = 137), multivariate analysis

showed that the following three risk factors were associated with
worse BMFS: presence of extrathoracic metastases (HR: 8.674;
95% CI: 1.998–37.654; p = 0.004), hypermetabolism of BM or
spleen from FDG PET (HR: 4.229; 95% CI: 1.891–9.458;
p < 0.001), and high neutrophil to lymphocyte ratio (NLR) (HR:
2.674, 95% CI: 1.181–6.054; p = 0.018) (Table 3). The prognostic
index for predicting brain metastasis was generated by multiplying
weighting factor (b coefficient) to each variable (Fig. 2). A median
prognostic index was 2.16 (range, 0–4.59). Patients were divided
into two groups. Patients with a prognostic index higher than 3.0
were classified as high-risk (n = 42) while those with a prognostic
index lower than 3.0 were classified as low-risk (n = 95). Prognostic
index significantly divided patients into two subgroups of high-
and low-risk of symptomatic brain metastases (p < 0.001) (Fig. 3A).
Table 2
Overall survival with propensity score matched.

Variables N (%) Univa

HR

Age (years) >70 39 (40.6) 1
�70 57 (59.4) 1.057

Sex Male 83 (86.5) 1.845
Female 13 (13.5) 1

ECOG 0–1 90 (93.8) 1.213
�2 6 (6.2) 1

Total number of initial chemotherapy <4 0 (0.0) –
�4 96 (100.0)

Response to initial chemotherapy CR, PR, SD 92 (95.8) 1
PD 4 (4.2) 3.978

Number of metastatic lesions 1 55 (57.3) 1
�2 41 (42.7) 1.651

Extrathoracic metastases Yes 71 (74.0) 1.903
No 25 (26.0) 1

PCI Yes 48 (50.0) 1
No 48 (50.0) 1.336

HR, hazard ratio; 95% CI, 95% confidence interval; CR, complete response; PR, partial res
Impact of PCI according to risk groups
The prognostic index was applied to the total set of patients

(n = 190, 61 with high-risk and 129 with low-risk) (Fig. 3B). Among
low-risk patients, PCI did not improve BMFS (p = 0.943). However,
PCI improved BMFS in high-risk patients (p = 0.001). The prognos-
tic index was then applied to PS-matched cohort (n = 96, 32 with
high-risk and 64 with low-risk) (Fig. 3C). PCI did not improve OS
in either the high- or the low-risk group (p = 0.123, p = 0.398,
respectively).
Discussion

PCI was beneficial for patients with a high-risk of symptomatic
brain metastases in terms of BMFS in our study. We also found that
BM or spleen uptake in FDG PET was associated with symptomatic
brain metastases. In addition, BM or spleen uptake in FDG PET was
found to be an independent prognostic factor for BMFS. These find-
ings suggest that in addition to clinical features of patients with
ED-SCLC, metabolic features of spleen and BM shown on FDG PET
can predict symptomatic brain metastases.

Some previous studies have assessed the clinical implication of
FDG uptake by BM or spleen [13–17]. They reported that FDG
uptakes in BM and spleen were independent prognostic factors.
In addition, the metabolic activity of BM and spleen could be
related to systemic inflammation [18–20]. Inflammatory responses
are known to play decisive roles in different stages of tumor devel-
opment as well as in immune surveillance and responses to ther-
apy [21,22]. In our data, BM or spleen uptake in FDG PET was an
independent prognostic factor associated with worse BMFS in mul-
tivariate analysis. In addition, systemic inflammatory markers such
as NLR and platelet to lymphocyte ratio (PLR) in the SBM uptake
group were higher than those in the non-SBM uptake group (Sup-
plementary Table 4). Therefore, the correlation between SBM
uptake on FDG PET and symptomatic brain metastases might be
considered as a correlation between systemic inflammation and
symptomatic brain metastases.

Blood components or related factors such as platelets and NLR
have been demonstrated to promote cancer progression [27,28].
In addition, high NLR is known to be related to worse survival out-
come in SCLC [29–31]. Furthermore, a previous study has reported
that NLR higher than 2.55 is associated with brain metastasis in
patients with LD-SCLC without PCI [32]. Although the biological
riate analysis Multivariate analysis

95% CI p-value HR 95% CI p-value

0.691–1.619 0.798 – – –

0.964–3.529 0.030 1.243 0.786–1.965 0.352

0.487–3.023 0.677 – – –

– – – – –

1.385–11.428 0.006 2.944 0.984–8.802 0.053

1.084–2.514 0.018 1.357 0.866–2.126 0.183

1.157–3.129 0.010 1.769 1.021–3.067 0.042

0.880–2.029 0.172 1.324 0.870–2.014 0.190

ponse; SD, stable disease; PD, progressive disease.



Table 3
Brain metastasis-free survival in observation group.

Variables N (%) Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age (years) >70 66 (48.2) 1
�70 71 (51.8) 1.860 0.807–4.286 0.139 – – –

Sex Male 117 (85.4) 1.171 0.403–3.403 0.771 – – –
Female 20 (14.6) 1

ECOG 0–1 105 (76.6) 1
�2 32 (23.4) 2.480 0.885–6.952 0.074 – – –

Total number of initial chemotherapy <4 26 (19.0) 1
�4 111 (81.0) 1.427 0.337–6.052 0.628 – – –

Response to initial chemotherapy CR, PR, SD 107 (78.1) 1
PD 30 (21.9) 3.738 1.242–11.253 0.012 – – –y

Number of metastatic lesions 1 76 (55.5) 1
�2 61 (44.5) 1.915 0.877–4.179 0.097 – – –

Extrathoracic metastases Yes 98 (71.5) 7.500 1.753–32.093 0.002 8.674 1.998–37.654 0.004
No 39 (28.5) 1

Smoking Yes 113 (82.5) 1.849 0.433–7.900 0.400 – – –
No 24 (17.5) 1

Spleen or BM uptake in PET Yes 18 (13.1) 4.481 2.017–9.956 <0.001 4.229 1.891–9.458 <0.001
No 119 (86.9) 1

NLR <3.7 89 (65.5) 1
�3.7 48 (35.0) 2.423 1.118–5.271 0.021 2.674 1.181–6.054 0.018

PLR <151.2 66 (48.2) 1.122 0.518–2.428 0.770 – – -
�151.2 71 (51.8) 1

SII <0.88 83 (60.6) 1
�0.88 54 (39.4) 2.822 1.288–6.183 0.007 – – –y

HR, hazard ratio; 95% CI, 95% confidence interval; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; BM, bone marrow; NLR, neutrophil-
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.
y Variables are excluded from multivariate analysis.

Clinical Variable β HR p value

Presence of extrathoracic metastases(1) 2.160 8.674 0.004

PET uptake in BM or spleen(2) 1.442 4.229 < 0.001

High neutrophil-to-lymphocyte ra�o(3) 0.983 2.674 0.018

Prognos�c Index  = 2.160*(1)+1.442*(2)+0.983*(3)

High risk (n=42) Low risk (n=95)

PI ≥ 3.0 PI < 3.0

Fig. 2. Risk prediction model for brain metastases. The prognostic index was
calculated based on three statistically significant variables for predicting worse
brain metastasis-free survival. Each factor (one for existence or zero for absence) is
multiplied by a b coefficient. The calculated prognostic index is dichotomized by 3.0
to obtain 42 high risk and 95 low-risk subsets.
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mechanism behind the association between high NLR and brain
metastases remains unclear, increased neutrophil-dependent
inflammation and reduced lymphocyte mediated tumor response
might play a role [33,34]. In this study, neither SBM uptake nor
high NLR was associated with progression-free survival, although
they were independent prognostic factors for predicting brain
metastases.

A series of studies have consistently asserted that extensive
tumor burden, especially extrathoracic metastases, are a critical
risk factor that can increase the chance of brain metastases [23].
Zeng et al. [24] have also insisted that stage IIIB-IV is an indepen-
dent risk factor for brain metastases. Since the Japanese study, the
dominant opinion is that PCI is not necessary for patients who
achieve CR after initial chemotherapy [3,25,26]. The current study
showed that PD at the initial disease site after the initial
chemotherapy was a risk factor for brain metastases, suggesting
that PCI might prolong BMFS in PD subsets.

The current study concludes that PCI does not prolong OS in
either risk group. The specific cause of death could not be clarified
because most patients were sent to hospice care when the disease
had severely progressed. Since routine use of regular brain MRI
was not performed, it was impossible to specify whether the cause
of death was due to brain progression or else. We could not assess
adverse events either due to the nature of the retrospective study.
While no significant decline in the mini-mental status exam was
observed in the Japanese study [3], several other studies have
reported detrimental effects of PCI [35,36]. Therefore, selective
use of PCI in selected patients with maximum potential benefit is
justified.

A fundamental limitation of this study was that it was retro-
spectively investigated. In addition, a relatively small number of
patients were enrolled in this study. Further validation with a large
number of cohort patients is required. Brain MRI was performed
only at the initial staging, not right before PCI. Routine brain MRI
for follow-up was not guaranteed. Only when symptoms occurred,
brain MRI was performed. Thus, it was inevitable for symptomatic
brain metastases to become the endpoint of this study. Neverthe-
less, the current study included patients only if the initial brain
MRI and whole body FDG PET/CT workup were completed. Such
inclusion criteria reflected the standard practice of ED-SCLC cur-
rently performed in clinical settings. They have a significant advan-
tage over the study of Slotman study [2].

In conclusion, we found that three prognostic factors (the pres-
ence of extrathoracic metastases, hypermetabolism of BM or
spleen, and high NLR) were associated with a high risk of symp-
tomatic brain metastases in ED-SCLC. According to the risk stratifi-
cation model, PCI was beneficial for patients at high risk of
symptomatic brain metastases in terms of BMFS, but not OS. Thus,
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N (%) 1-year rate (%) p value

PCI 19 (31.2) 94.7 0.001
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Fig. 3. Risk stratification for BMFS and impact of PCI on BMFS and OS according to risk groups. (A) Risk stratification for BMFS. Brain metastasis-free survival in the
observation group was divided into two risk-groups based on the prognostic index. The high-risk group had worse brain metastasis-free survival than the low-risk group
(p < 0.001). (B) Impact of PCI on BMFS according to risk groups. PCI significantly improved BMFS in high-risk patients (p = 0.001), whereas PCI did not improve BMFS in low-
risk patients (p = 0.943). (C) Impact of PCI on OS according to risk groups. PCI did not improve OS in either high- or low-risk group (p = 0.398, p = 0.123, respectively).
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selective use of PCI in ED-SCLC according to the risk stratification is
recommended. However, prospective trials with a larger popula-
tion are needed to validate the use of prognostic index for predict-
ing brain metastases.
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