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Abstract
Objective Previous studies demonstrated that prophylactic cranial irradiation (PCI) significantly reduced the incidence of
brain metastases in patients with extensive disease small cell lung cancer (ED-SCLC). However, the appropriate timing for
PCI in treating ED-SCLC is still unclear. This study aimed to compare the effect and safety of early versus late PCI.
Methods Between November 2011 and July 2016, 103 patients with ED-SCLC were reviewed, receiving appropriate
imaging tests to exclude brain metastases prior to cranial irradiation. Of these 103 patients, early PCI was performed in
47 patients and the other 56 patients received late PCI. The primary endpoint was the incidence of brain metastases. The
progression-free survival (PFS), overall survival (OS), and adverse events (AEs) were also assessed.
Results Early PCI significantly lowered the risk of brain metastases, as compared to late PCI (p= 0.024). Additionally,
multivariate analyses demonstrated that early PCI was a favorable independent predictor of the incidence of brain metas-
tases. The PFS and OS of patients in the early and late PCI groups were comparable (PFS: 8.4 months vs. 7.5 months,
p= 0.234; OS: 16.1 months vs. 15.2 months, p= 0.753). The AEs were generally acceptable in both groups.
Conclusion To reduce the incidence of brain metastases, early PCI is more effective than late PCI for ED-SCLC patients.
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Frühe vs. späte prophylaktische kraniale Bestrahlung bei Patientenmit metastasiertemkleinzelligem
Lungenkarzinom

Zusammenfassung
Zusammenfassung In früheren Studien wurde gezeigt, dass eine prophylaktische Ganzhirnbestrahlung („prophylactic
cranial irradiation“, PCI) die Häufigkeit zerebraler Metastasen im Gehirn bei Patienten mit metastasiertem kleinzelligem
Lungenkarzinom („extensive disease small cell lung cancer“, ED-SCLC) signifikant reduzieren kann. Der richtige Zeitpunkt
einer PCI bei ED-SCLC ist unklar. Ziel dieser Studie ist es, die Wirkung und Sicherheit von früher vs. später PCI zu
vergleichen.
Methode Zwischen November 2011 und Juli 2016 wurden 103 Patienten mit ED-SCLC untersucht. Mittels schnittbild-
gebender Untersuchung wurden Hirnmetastasen vor der Ganzhirnbestrahlung ausgeschlossen. Bei 47 Patienten wurde eine
frühe PCI durchgeführt, bei den anderen 56 Patienten eine späte PCI. Primärer Endpunkt war das Auftreten von Hirnme-
tastasen. Das progressionsfreie Überleben („progression-free survival“, PFS), Gesamtüberleben („overall survival“, OS)
und unerwünschte Ereignisse („adverse events“, AE) wurden ebenfalls ausgewertet.
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Hier steht eine Anzeige.
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Ergebnisse Eine frühe PCI senkt das Risiko für Hirnmetastasen im Vergleich zur späten PCI (p= 0,024). Zusätzlich zeigen
multivariate Analysen, dass eine frühe PCI ein unabhängiger Prädiktor für das seltenere Auftreten von zerebralen Filiae
war. PFS und OS waren bei Patienten mit früher und später PCI vergleichbar (PFS: 8,4 vs. 7,5 Monate; p= 0,234; OS:
16,1 vs. 15,2 Monate; p= 0,753). Die AE waren in beiden Gruppen tolerabel.
Schlussfolgerung Um die Auftretenswahrscheinlichkeit von Metastasen im Gehirn zu reduzieren, ist eine frühe PCI
effektiver als eine späte PCI bei Patienten mit ED-SCLC.

Schlüsselwörter Kleinzelliges Lungenkarzinom · Chemotherapie · Strahlentherapie · Metastasen · Dosisfraktionierung

Introduction

In recent decades, lung cancer has become the leading killer
of cancer patients [1]. Small cell lung cancer (SCLC), the
most aggressive subtype, accounts for approximately 14%
of all newly diagnosed primary lung cancers and about 60%
of patients present with extensive disease small cell lung
cancer (ED-SCLC) at diagnosis because of its high growth
fraction, rapid doubling time, and early wide dissemination
[2–5]. SCLC is sensitive to cytotoxic agents and radiation
therapy. Therefore, the combination of chemotherapy and
thoracic radiotherapy is able to improve the response rate
and prolong the short survival of SCLC patients [3, 5–10],
but their long-term survival is still unfavorable [2]. One of
the reasons is the frequent incidence of brain metastases,
which are present in at least 18% of patients at diagnosis
[11], with the incidence increasing to approximately 58%
within 2 years [12]. Unfortunately, most patients do not
survive after a diagnosis of brain metastasis [13].

Previous studies have demonstrated that prophylactic
cranial irradiation (PCI) can reduce the incidence of brain
metastases in patients with ED-SCLC [12, 14–19]. How-
ever, the appropriate timing for PCI in treating ED-SCLC
is still unclear. Lifting the veil from this puzzle will help
doctors choose an appropriate time to administer PCI to
their ED-SCLC patients. The purpose of this study was to
compare the effects and adverse events (AEs) of early PCI
versus late PCI.

Patients andmethods

Patients

A retrospective study on 103 patients (21 patients were from
our previous study [17]) diagnosed with ED-SCLC was ini-
tiated and all candidates were treated between November
2011 and July 2016, showing complete or partial response
to the initial chemotherapy. Of 103 patients, the absence of
brain metastases was either confirmed using cranial mag-
netic resonance imaging (MRI; 91 patients) or cranial com-
puted tomography (CT; 12 patients). This study was ap-

proved by the Ethics Committee of the Chinese PLA Gen-
eral Hospital and all methods were performed in accordance
with relevant guidelines and regulations. Written informed
consent was provided by each patient before the treatment.

Inclusion and exclusion criteria

The inclusion criteria were: (1) pathologically diagnosed
ED-SCLC; (2) Eastern Cooperative Oncology Group Per-
formance Status (ECOG-PS)� 2; (3) age≥ 18 years; (4) any
response to initial chemotherapy; (5) without evidence of
brain metastases before PCI; (6) complete follow-up data.
The exclusion criteria were: (1) any active concomitant can-
cer; (2) previous radiotherapy within the head and neck re-
gion; (3) any mental disorder or somatic comorbidities of
clinical concern.

Performance status, diagnosis, and staging

Performance status was assessed according to ECOG-PS
scale. The diagnosis of SCLC was determined by the re-
sults of bronchofibroscopy, mediastinoscopy, percutaneous
lung biopsy, or lymph node biopsy. The staging of the pa-
tients was based on the U.S. Veterans Administration Lung
Cancer Group. ED-SCLC referred to disease beyond the
ipsilateral hemithorax, including contralateral supraclavic-
ular nodes, malignant pericardial or pleural effusion, and
distant hematogenous metastasis. ED-SCLC also included
patients with locally advanced disease not encompassed in
a reasonable radiation portal. All initial staging investiga-
tions included CT, MRI, ultrasonography of abdomen, bone
scan, and sometimes positron-emission tomography (PET-
CT).

Treatment and treatment response

All involved patients had received four to eight cycles of
initial chemotherapy and showed positive responses, either
complete response (CR) or partial response (PR), according
to the criteria of RECIST (Response Evaluation Criteria In
Solid Tumors) version 1.1. Concurrent or sequential tho-
racic radiotherapy (TRT) was performed with chemother-
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apy and delivered with an intensity-modulated radiotherapy
technique (IMRT) and the prescription dose was 40–70Gy
in 20–35 fractions.

PCI was carried out subsequent to the end of initial
chemotherapy or chemoradiotherapy. Early or late PCI
were determined by the interval between the start of initial
chemotherapy and the initiation of PCI. Early PCI means
the interval was less than or equal to 6 months and late PCI
means the interval was greater than 6 months. The target
volume was the whole brain volume with at least normal
tissue sparing of the lens. Each PCI was delivered by
a 6-MV photon linear accelerator (Elekta Synergy, Elekta,
Sweden), with two opposed lateral portals. Most patients
received a total prescribed dose of 25Gy in 10 fractions.

Follow-up

The selected patients were followed-up every 6 weeks dur-
ing initial chemotherapy and every 3 months after recovery
from primary therapy in our hospital.

Definition of endpoints

The primary endpoint of this study was the incidence of
brain metastases. Time to brain metastasis was calculated
from the start date of PCI until the date of diagnosis of
brain metastasis (Fig. 1). The secondary endpoints were:
(1) Progression-free survival (PFS), defined as the interval
from the date of diagnosis to the date of intra-cranial and/or
extra-cranial progression, or death, or patient censorship at
the last follow-up; (2) Overall survival (OS), defined as
the interval from the date of diagnosis to the date of death
or patient censorship at the last follow-up; and (3) AEs,
assessed by National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version 3.0 [20].
Cognitive function was assessed by mini mental state exam-
ination (MMSE) score at baseline and every 3 months after

Fig. 1 Cumulative incidence of brain metastases of early and late pro-
phylactic cranial irradiation (PCI) groups. The difference of the cu-
mulative incidence of brain metastases between the early and late PCI
groups was significant (p= 0.024)

PCI, which was classified as degree 0 (none, score from 27
to 30), degree I (mild, score from 21 to 26), degree II (mod-
erate, score from 10 to 20), degree III (severe, score� 9).
The MMSE was chosen as it was commonly used in our
clinical practice due to its convenience.

Statistical analysis

The patients’ characteristics were described by continuous
variables and/or categorical variables. Continuous variables
were compared by t-test or rank-sum test, and categori-
cal variables were compared by chi-square or Fisher’s ex-
act test. PFS and OS were estimated by the Kaplan–Meier
method and analyzed by the log-rank test. Multivariate anal-
yses of incidence of brain metastases were performed by lo-
gistic regression analysis and multivariate analyses of PFS
and OS were performed by Cox proportional hazard regres-
sion model. P< 0.05 was considered as statistically signif-
icant. SPSS 21.0 software (IBM; Armonk, NY, USA) was
used for statistical analysis.

Results

Patient characteristics

The study reviewed 103 patients including 89 males and
14 females. The median age was 59 years (interquartile
range [IQR]: 53–65 years). Early PCI was delivered to
47 patients and 56 received late PCI. The median follow-up
period was 12 months (range: 3–36 months). The general
characteristics of the cohort stratified by early and late PCI
groups are shown in Table 1. The baseline characteristics
of the two groups were well balanced.

Patients’ treatment

Of the 47 patients treated with early PCI, 45 patients re-
ceived 25Gy in 10 fractions, 1 patient received 30Gy in
10 fractions, and 1 patient received 22.5Gy in 9 fractions.
For the remaining 56 patients treated with late PCI, 54 re-
ceived 25Gy in 10 fractions and 2 patients received 22.5Gy
in 9 fractions. The median time to PCI in the early PCI
group was 5 months (4.5 months to 6.0 months) after com-
mencement of chemotherapy and in the late PCI group this
was 8 months (6.3 months to 9.1 months). During the period
of observation, 10 out of 47 patients receiving early PCI de-
veloped brain metastases, of whom 2 (20.0%) were treated
with whole brain radiation therapy (WBRT) just after the
confirmation of brain metastases by MRI. One patient re-
ceived 20Gy in 10 fractions and the other received 22Gy in
11 fractions. Out of the 56 cases receiving late PCI, 23 pa-
tients developed brain metastases, of whom 5 (21.7%) were
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Table 1 Demographics of the
population stratified by early
and late PCI groups

Clinical characteristics Category Early PCI (n= 47) Late PCI (n= 56)

Age in years (median, IQR) – 60 (55–66) 58 (52–64)
Sex Male 41 (87.2%) 48 (85.7%)

Female 6 (12.8%) 8 (14.3%)
ECOG PS 0 16 (34.0%) 21 (37.5%)

1 29 (61.7%) 32 (57.1%)

2 2 (4.3%) 3 (5.4%)
Regimens of ChT Carboplatin+ etoposide 29 (61.7%) 40 (71.4%)

Cisplatin+ etoposide 9 (19.1%) 9 (16.1%)

Cisplatin+ irinotecan 8 (17.0%) 5 (8.9%)

Othera 1 (2.1%) 2 (3.6%)
Cycles of ChT 4 to 6 44 (93.6%) 51 (91.1%)

7 to 8 3 (6.4%) 5 (8.9%)
TRT Yes 25 (53.2%) 32 (57.1%)

No 22 (46.8%) 24 (42.9%)
Dose of TRT <60 5 (20.0%) 9 (28.1%)

≥60 20 (80.0%) 23 (71.9%)
Clinical stage Locally advanced 16 (34.0%) 22 (39.3%)

Distant metastases 31 (66.0%) 34 (60.7%)

ECOG PS Eastern Cooperative Oncology Group Performance Status, ChT chemotherapy, TRT thoracic ra-
diotherapy, PCI prophylactic cranial irradiation, IQR interquartile range
aThe other chemotherapies were carboplatin+ irinotecan (2 patients) and amrubicin+ cisplatin (1 patient)

Fig. 2 Progression-free survival (PFS) of early and late prophylactic
cranial irradiation (PCI) groups. The difference of the PFS between the
early and late PCI groups was insignificant (p= 0.234)

treated with WBRT. All these 5 patients received 20Gy in
10 fractions. Additionally, symptom palliation was achieved
in 1 of the patients treated with re-irradiation in the early
PCI group and in 2 of the patients in the late PCI group.

Fig. 3 Overall survival (OS) of early and late prophylactic cranial ir-
radiation (PCI) groups. The difference of the OS between the early and
late PCI groups was insignificant (p= 0.753)

Incidence of brain metastases and timing of PCI

Fig. 1 shows the cumulative incidence of brain metastases
in the early and late PCI groups. The incidence of brain
metastases was significantly lower in the early PCI group
than in the late PCI group (HR, 0.45; 95% CI, 0.23 to
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Table 2 Multivariate analyses of incidence of brain metastases

Variables HR 95% CI P-value

Age in years (≥60 vs. <60) 1.077 0.428–2.708 >0.05

Sex (female vs. male) 0.616 0.200–1.896 >0.05

ECOG (2 vs. 0–1) 6.001 0.509–70.727 >0.05

Tumor load (distant metastases vs. locally advanced) 2.944 1.049–8.261 >0.05

No. of metastatic sites (≥2 vs. �1) 1.445 0.284–7.354 >0.05

PCI (early vs. late) 0.367 0.145–0.933 <0.05

ECOG-PS Eastern Cooperative Oncology Group Performance Status, PCI prophylactic cranial irradiation, HR hazard ratio, CI confidence intervals

Table 3 Multivariate analyses of PFS and OS

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age in years (≥60 vs. <60) PFS 1.233 0.728–2.090 0.435 – – –

OS 1.477 0.823–2.653 0.191 – – –
Sex (female vs. male) PFS 0.655 0.314–1.368 0.260 – – –

OS 0.976 0.314–1.368 0.945 – – –
ECOG (2 vs. 0–1) PFS 1.756 0.549–5.620 0.343 – – –

OS 2.545 0.788–8.217 0.118 – – –
Tumor load (distant metastases vs.
locally advanced)

PFS 1.722 1.064–2.787 0.027 1.658 1.022–2.691 0.041

OS 2.018 1.159–3.517 0.013 2.018 1.159–3.517 0.013
No. of metastatic sites (≥2 vs. �1) PFS 2.058 0.875–4.841 0.098 – – –

OS 1.758 0.697–4.435 0.232 – – –
PCI (early vs. late) PFS 0.755 0.474–1.202 0.236 – – –

OS 0.917 0.542–1.551 0.748 – – –
Cycles of chemotherapy (>6 vs. �6) PFS 0.417 0.152–1.144 0.089 – – –

OS 0.483 0.150–1.549 0.221 – – –
Initial response (PR vs. CR) PFS 1.129 0.276–4.626 0.866 – – –

OS 4.357 0.589–32.215 0.149 – – –
Chemotherapy regimens (EP vs. EC
vs. IP vs. Other)

PFS 1.304 0.920–1.850 0.136 – – –

OS 1.478 0.955–2.287 0.080 – – –
TRT (no vs. yes) PFS 1.917 1.197–3.069 0.007 1.857 1.156–2.984 0.011

OS 1.319 0.781–2.228 0.300 – – –

ECOG-PS Eastern Cooperative Oncology Group Performance Status, PCI prophylactic cranial irradiation,HR hazard ratio, CI confidence intervals,
PFS progression-free survival, OS overall survival

0.89; p= 0.024). The 1-year incidence of brain metastases
was 22.5% and 45.4% for the early and late PCI groups,
respectively.

Progression-free survival

PFS was comparable between the two groups. Median PFS
was 8.4 months in the early PCI group versus 7.5 months
in the late PCI group (HR, 0.755; 95% CI, 0.474 to 1.232;
p= 0.234; Fig. 2).

Overall survival

During the period of follow-up, 27 out of 47 patients died
in the early PCI group and 31 out of 56 patients died in the
late PCI group. Fig. 3 shows that there was no significant

difference in the OS between the early and late PCI groups
(16.1 months vs. 15.2 months, p= 0.753). The HR for death
was 0.91 (95% CI, 0.54 to 1.55) in the patients receiving
early PCI.

Multivariate analyses of incidence of brain
metastases

Table 2 shows the results of multivariate analyses, suggest-
ing that timing of PCI and tumor load were significantly
associated with the incidence of brain metastases. Patients
receiving early PCI and with locally advanced disease had
a lower risk of developing brain metastases.
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Table 4 Adverse events of early and late PCI groups

Adverse events PCI Grade 1
n (%)

Grade 2
n (%)

Grade 3
n (%)

Grade 4
n (%)

p-value

Headache Early 7 (15) 3 (6) 0 (0) 0 (0) p > 0.05

Late 5 (9) 1 (2) 0 (0) 0 (0) –
Anorexia Early 15 (32) 4 (9) 2 (4) 0 (0) p > 0.05

Late 16 (29) 4 (7) 1 (2) 0 (0) –
Alopecia Early 8 (17) 9 (19) 0 (0) 0 (0) p > 0.05

Late 10 (18) 8 (14) 0 (0) 0 (0) –
Nausea Early 12 (26) 3 (6) 1 (2) 0 (0) p >0.05

Late 12 (21) 2 (4) 1 (2) 0 (0) –
Vomiting Early 5 (11) 2 (4) 0 (0) 0 (0) p > 0.05

Late 6 (11) 1 (2) 0 (0) 0 (0) –
Fatigue and lethargy Early 8 (17) 4 (9) 1 (2) 0 (0) p > 0.05

Late 5 (9) 2 (4) 0 (0) 0 (0) –
Skin reaction Early 5 (11) 1 (2) 0 (0) 0 (0) p > 0.05

Late 4 (7) 1 (2) 0 (0) 0 (0) –
Leg weakness Early 1 (2) 1 (2) 0 (0) 0 (0) p > 0.05

Late 2 (4) 0 (0) 0 (0) 0 (0) –

PCI prophylactic cranial irradiation

Multivariate analyses of PFS and OS

Multivariate analyses were conducted on PFS and OS. It
was found that tumor load was significantly associated with
the survival of patients, which indicated that patients with
distant metastases had a higher risk of progression and death
compared with locally advanced disease. Furthermore, tho-
racic radiotherapy (TRT) was significantly associated with
the PFS, which suggested that TRT was a favorable inde-
pendent prognostic factor for PFS. However, the OS was
not impacted by TRT in this study. Similarly, timing of PCI
was not found to be significantly correlated with survival
(Table 3).

Adverse events

The early AEs often occurred within 3 months after PCI
(Table 4), including headache, anorexia, alopecia, nausea,
vomiting, fatigue and lethargy, skin reaction, and leg weak-
ness. The most frequent grade≥ 3 AEs in the early and late
PCI groups were anorexia (4% vs. 2%), nausea (2% vs.
2%), fatigue and lethargy (2% vs. 0%).

Cognitive impairment was assessed in the long-term sur-
vivors without brain metastases. During the follow-up pe-
riod, 5 patients in the early PCI group had a mild cognitive
disturbance at 6 months, 9 months, 12 months, 18 months,
and 24 months, respectively, after the PCI. Three patients
in the late PCI group had mild cognitive dysfunction at
9 months, 15 months, and 18 months, respectively, after
the PCI. Additionally, patients aged≥ 60 years were more
likely to develop cognitive impairment in both groups. Out

of the 5 patients developing cognitive impairment in the
early PCI group, 4 patients (80%) were aged≥ 60 years.
Similarly, all the patients (100%) developing cognitive im-
pairment in late PCI group were aged 60 years old or older.

Discussion

Previous studies and meta-analyses have demonstrated that
PCI significantly reduced the incidence of brain metastases
and improved the OS in ED-SCLC patients [12, 14–18].
The same results have been confirmed by our previous study
[17]. However, the latest phase III randomized trial [19] per-
formed by Takahashi et al. reported that PCI significantly
reduced the incidence of brain metastases, but that the OS in
the PCI group and the observation group were comparable
(p= 0.094). The results regarding the effect of PCI on OS in
the Japanese trial were inconsistent with the EORTC trial
[18] and our previous study [17], and the following causes
may account for this: First, the patients in the Japanese trial
were older than those in the EORTC trial and our previous
study. Several publications [21, 22] suggested that the effi-
cacy of PCI and therapeutic WBRT on OS in older patients
is reduced. Second, subsequent chemotherapies were less
frequently used in the PCI group compared with the obser-
vation group in the Japanese trial, while the use of second-
line or third-line chemotherapies were more frequent in the
PCI group in the EORTC trial, and were comparable in
both groups in our previous study. These aforementioned
differences may have led to an absence of survival benefit
in the PCI group in the Japanese trial. It is worth notic-
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ing that routine brain imaging after chemotherapy was not
performed in the EORTC study, which might partly con-
tribute to the beneficial effect of PCI. However, Slotman
et al. did an analysis of the EORTC study excluding the pa-
tients with possible asymptomatic brain metastases and the
effect of PCI on survival was still statistically significant
[23]. Collectively, up to now, current international guide-
lines [24] still recommend PCI for patients with ED-SCLC
who respond to initial chemotherapy. However, limited data
exist regarding the timing of PCI in treating ED-SCLC pa-
tients. Our study observed that early PCI significantly re-
duced the incidence of brain metastases compared to late
PCI, with a 1-year incidence of brain metastases decreas-
ing from 45.4% down to 22.5%. In addition, multivariate
analyses indicated that early PCI was a favorable indepen-
dent predictor of the incidence of brain metastases in ED-
SCLC patients. These favorable results are consistent with
previous studies. A meta-analysis conducted by Auperin
et al. [15] reported that PCI had a significantly greater ef-
fect on the incidence of brain metastasis in patients who
received PCI within 6 months following induction therapy
compared with patients who received PCI after 6 months
(p= 0.01). Suwinski et al. [25, 26] reported that the inci-
dence of brain metastases in patients with SCLC was sig-
nificantly reduced by PCI performed at the initiation of
chemoradiotherapy (p< 0.05). Similar findings were recon-
firmed by Sas-Korczynska et al. [27] in a retrospective study
involving 86 LD-SCLC patients, in which the incidence of
brain metastases in the early PCI group was significantly
lower than that in the late PCI group (p= 0.009). In previ-
ous publications on this issue, which included patients with
LD-SCLC or ED-SCLC, the sample size was quite signifi-
cant. Nevertheless, the conclusions of previous studies [15,
25–27] were mainly based on LD-SCLC patients, and thus
were not completely applicable to ED-SCLC patients. Until
now, as far as we know, there has been no study designed
or conducted specifically to explore the timing for admin-
istering PCI in patients with ED-SCLC. Our study echoed
the aforementioned studies and extended the evidence in
favor of applying early PCI to ED-SCLC patients for bet-
ter control of brain metastases. Moreover, it was found that
patients with distant metastases were also more likely to
develop brain metastases compared to patients with locally
advanced disease.

PFS and OS were comparable between the early and late
PCI groups. Further multivariate analyses showed that the
timing of PCI was not significantly associated with survival.
Intriguingly, less tumor load was proven to be a significantly
favorable independent prognostic factor for survival, which
suggested that the patients with locally advanced disease
had a significantly lower risk of developing progression and
death. Additionally, TRT was also found to be a positive
independent prognostic factor for PFS.

As is known, progression of brain metastases after PCI
commonly occurs, hence the survival of patients with in-
tracranial progression generally remains poor [18, 28]. Sal-
vage treatment in this setting is often confined to re-irradi-
ation or best supportive care. In this study, 10 patients in
the early PCI group and 23 in the late PCI group developed
brain metastases. Two of the 10 patients in the early PCI
group and 5 of the 23 patients in the late PCI group re-
ceived therapeutic re-irradiation after PCI. Subgroup anal-
yses showed that re-irradiation didn’t improved the OS of
the patients in early and late PCI groups compared to the
best supportive care (13.3 vs. 12.1 months in the early PCI
group, p= 0.611; 13.7 vs. 14.8 months in the late PCI group,
p= 0.634).

Regarding AEs, headache, fatigue, and lethargy seemed
more severe in the early PCI group, but this didn’t reach
a statistically significant difference. Other AEs were similar
between the two groups. Of note, no adverse event-related
deaths were recorded in our study. Moreover, the AEs ob-
served in this work were in line with previous studies [16,
18, 19] and were generally well tolerated and acceptable in
both groups.

In terms of cognitive function, the patients receiving
early PCI had a trend toward more severe cognitive distur-
bance, but the difference was not significant. Interestingly,
subgroup analyses indicated that among patients treated
with early or late PCI, older individuals (≥60 years) were
significantly more likely to develop cognitive impairment.
A retrospective study reported similar findings in LD-SCLC
[29]. Furthermore, this was reconfirmed by a prospective
study reporting that a trend toward a stronger reduction
of fractional anisotropy in the white matter was shown in
the patients aged 65 years or older after PCI [30]. Another
study also concurred with these results, reporting that older
age was associated with chronic neurotoxicity [31].

The limitations of the current study include a relatively
small sample size of 103 patients and the retrospective na-
ture of the analysis. Better-designed randomized phase III
studies are recommended to determine if either early or late
PCI is more favorable for treating ED-SCLC patients. How-
ever, it is worth considering that this may be best addressed
in those patients with locally advanced disease, rather than
metastatic disease.

Conclusion

This study indicated that early PCI significantly reduced
the incidence of brain metastases in ED-SCLC patients with
any response to the initial chemotherapy compared with late
PCI. Additionally, tumor load was a significantly indepen-
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dent factor of incidence of brain metastases and survival.
Futhermore, TRT was also found to be a positive indepen-
dent prognostic factor for PFS. However, the conclusions
should be interpreted with caution because of the limited
sample size and nature of the retrospective analysis.
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