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Abstract

Objective To evaluate the effect of prophylactic cranial
irradiation (PCI) on overall survival (OS) in patients with
extensive small cell lung cancer (ESCLC).

Methods Between April 2005 and May 2014, 204 pa-
tients with ESCLC who had any response (according to
RECIST 1.1) to initial chemotherapy were reviewed. All
patients had undergone appropriate imaging tests to exclude
brain metastases before initial chemotherapy. PCI was per-
formed on 45 patients (22.1 %) and the remaining patients
(77.9 %) received no such treatment (control group). Pri-
mary endpoint was OS. The incidence of brain metastases,
brain metastases-free survival (BMFS), and adverse effects
were also evaluated.

Results Survival data of the 204 patients were analyzed
statistically. PCI significantly prolonged median OS from
12.6 to 16.5 months as compared to the control group (haz-
ard ratio, HR, 0.63; 95 % confidence interval, CI, 0.41 to
0.96; p = 0.033). PCI significantly lowered the risk of brain
metastases (HR 0.48; 95 % CI 0.30 to 0.76; p = 0.001). The
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1-year incidence of brain metastases was 17.1 and 55.9 % in
the PCI and control group, respectively. PCI significantly
correlated with the increased median BMFS (p = 0.002).
Additionally, multivariate analyses demonstrated that PCI
was a favorable independent predictor of OS, BMFS, and
the incidence of brain metastases. Acute and chronic ad-
verse effects were generally low grade and well tolerated
in patients receiving PCI.

Conclusion PCI after any response to initial chemotherapy
significantly improved OS of ESCLC patients analyzed in
this study.

Keywords Radiotherapy - Chemotherapy - Brain
imaging - Metastases - Dose fractionation

Verbesserung der Gesamtiiberlebenszeit durch
prophylaktische kraniale Bestrahlung bei
Patienten mit ausgedehntem kleinzelligem
Bronchialkarzinom

Eine retrospektive Studie

Zusammenfassung

Ziel Beurteilung des Effekts der prophylaktischen kranialen
Bestrahlung (PCI) auf das Gesamtiiberleben (OS) bei Pa-
tienten mit ausgedehntem kleinzelligem Lungenkarzinom
(ESCLC).

Methoden Zwischen April 2005 und Mai 2014 wurden
204 Patienten mit ESCLC nach Ansprechen auf eine in-
itiale Chemotherapie (gemifl RECIST 1.1) untersucht. Vor
der Chemotherapie wurden bei allen Patienten Untersu-
chungen mit entsprechenden Bildgebungsverfahren durch-
gefiihrt, um Metastasen im Gehirn auszuschliefen. 45 Pa-
tienten (22,1 %) wurden anschlieend mit PCI behandelt,
die tibrigen (77,9 %) erhielten keine Behandlung (Kontroll-
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gruppe). Der primédre Endpunkt der Studie war das OS.
Ebenfalls beurteilt wurden das Auftreten von Hirnmetas-
tasen, das hirnmetastasenfreie Uberleben (BMFS) und Ne-
benwirkungen.

Ergebnisse Die Daten zum Uberleben der 204 Patienten
wurden statistisch ausgewertet. Die PCI verlidngerte das
mittlere OS im Vergleich zur Kontrollgruppe signifikant
von 12,6 Monaten auf 16,5 Monate (Hazard Ratio [HR]:
0,63; 95 %-Konfidenzintervall [KI]: 0,41-0,96; p = 0,033).
Das Risiko von Hirnmetastasen wurde signifikant verringert
(HR: 0,48; 95 %-KI: 0,30-0,76; p = 0,001). Die 1-Jahres-
Inzidenz von Hirnmetastasen betrug dabei 17,1 % in der
PCI- und 55,9 % in der Kontrollgruppe. Zudem konnte ein
signifikanter Zusammenhang zwischen PCI und dem mitt-
leren BMFS festgestellt werden (p = 0,002). Multivariate
Analysen zeigten zusétzlich, dass die PCI ein giinstiger, un-
abhingiger Pridiktor fiir OS, BMFS und die Inzidenz von
Hirnmetastasen ist. Akute und chronische Nebenwirkungen
waren gering und wurden gut von den mit PCI behandelten
Patienten vertragen.

Schlussfolgerungen Das OS der in dieser Studie untersuch-
ten Patienten mit ESCLC nach Ansprechen auf eine initia-
le Chemotherapie konnte durch PCI signifikant verbessert
werden.

Schliisselworter Strahlentherapie - Chemotherapie -
Zerebrale Bildgebung - Metastasen - Dosisfraktionierung

Small cell lung cancer (SCLC) accounts for nearly 14 %
of all primary lung cancers [1-4] and approximately two
thirds of these present as extensive SCLC (ESCLC) due
to the rapid doubling time and early wide dissemination.
Combined chemotherapy and thoracic radiotherapy have
improved response rates and short-term survival [2, 5-10],
but long-term survival is still disappointing [1].

Furthermore, central nervous system metastases are often
observed in this disease. The incidence of brain metastases
is about 18 % at diagnosis [11] and reaches approximately
58 % within 2 years [12]. Most of these patients die from
such brain metastases [13].

Previous studies [14—17] and meta-analyses [18, 19]
have demonstrated that prophylactic cranial irradiation
(PCI) can reduce the incidence of brain metastases and im-
prove overall survival (OS) in patients with limited small
cell lung cancer (LSCLC). However, for ESCLC patients,
the effect of PCI on OS remains highly controversial.

One meta-analysis [18] reported an increased 3-year sur-
vival rate from 15.3 to 20.6 % in patients receiving PCI,
but the population with ESCLC was rather small. In 2007,
a randomized trial [20] from the European Organization
for Research and Treatment of Cancer (EORTC) reported
that PCI could lower the risk of brain metastases and im-
prove OS of ESCLC patients with a response to initial
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chemotherapy. In 2011, these results were considered cat-
egory-1 evidence by the National Comprehensive Cancer
Network (NCCN) clinical practice guideline, recommend-
ing PCI for ESCLC patients showing a response to initial
chemotherapy. However, the EORCT trial was questioned
for not performing brain imaging on patients without symp-
toms of brain metastases before randomization [20]; hence,
some asymptomatic patients who should have received ir-
radiation with 30-34 Gy in 15-17 fractions were under-
dosed. The dose fractionation of the EORCT study was
also challenged (mostly 20 Gy in 5 fractions), which was
not a common prescription for PCI in North America.

In contrast, the latest preliminary data of a phase III
randomized trial from Japan [21] indicated that PCI had
a detrimental effect on OS in ESCLC patients. Therefore,
the revised NCCN guideline degraded the evidence level
from 1 to 2A in 2016, awaiting more upcoming data to
strengthen or deny such a recommendation.

By including the patients without the aforementioned
limitations, this retrospective study aims to investigate
whether PCI could improve OS in ESCLC patients.

Patients and methods
Patients

A study on ESCLC patients was initiated with valid ap-
proval from the hospital Ethics Committee. A total of
204 patients were reviewed, all of whom were patholog-
ically diagnosed with ESCLC and had a complete (CR)
or partial response (PR) to initial chemotherapy between
April 2005 and May 2014. For 187 out of 204 patients,
the absence of brain metastases was confirmed using cra-
nial MRI. The remaining 17 patients were confirmed with
cranial CT instead, due to MRI contraindications such as
artificial implants, cardiac pacemakers, dental prostheses,
contraceptive ring, etc. Written informed consent was pro-
vided by each patient before treatment.

Inclusion criteria

The main inclusion criteria were: 1) pathologically diag-
nosed ESCLC; 2) Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) <2; 3) age =18 years;
4) a response to initial chemotherapy; 5) no evidence of
brain metastases at baseline; 6) no previous radiotherapy in
the head and neck region; 7) no other cancer; 8) complete
follow-up data.
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Performance status, diagnosis, and staging

As mentioned above, performance status was assessed ac-
cording to the ECOG-PS scale. The diagnosis of SCLC
was determined by the outcomes of bronchofiberoscopy,
mediastinoscopy, percutaneous lung biopsy, or lymph node
biopsy. The staging of patients was based on the criteria of
the US Veterans Administration Lung Cancer Group. ES-
CLC referred to the lesion beyond the ipsilateral hemitho-
rax, including contralateral supraclavicular nodes, malig-
nant pericardial or pleural effusion, and distant hematoge-
nous metastases, and also included patients with extensive
local disease that was not covered by a reasonable radia-
tion portal. Stage determination was also assisted by other
available initial examinations including CT, MRI, abdomi-
nal ultrasonography, bone scan, and positron-emission to-
mography (PET)/CT.

Treatment and treatment response

All involved patients had received four to six cycles of ini-
tial chemotherapy and showed positive responses, includ-
ing CR and PR. Treatment response was defined according
to the Response Evaluation Criteria in Solid Tumors (RE-
CIST) version 1.1 criteria. CR: disappearance of all tar-
get lesions. Any pathological lymph nodes (whether target
or non-target) must show a reduction in the short axis to
<10 mm. PR: at least a 30-% decrease in the sum of di-
ameters of target lesions, taking as reference the baseline
summed diameters.

PCI was delivered using a three-dimensional conformal
radiation therapy (3DCRT) technique comprising two op-
posing lateral fields. Most patients in the PCI group re-
ceived a total prescribed dose of 25 Gy in 10 fractions. All
the 204 patients involved were eligible and may potentially
benefit from PCI according to NCCN criteria (attaining CR
or PR; good PS of 0-2; acute toxicities of initial therapy
have resolved; no impaired neurocognitive function). As
a retrospective study, only 45 patients were finally treated
with PCI and the remaining were not, because: 1) PCI was
not a clinical routine at the authors’ center when the pa-
tients were treated and 2) some patients refused PCI due to
concerns of side effects or financial burden.

Follow-up

Patients were followed up every 6 weeks during initial
chemotherapy and every 3 months after recovery from
primary therapy. The median follow-up period was
11.2 months (range 2.9-71.7 months).

Definition of endpoints

The primary endpoint of this study was OS, defined as the
interval from the date of diagnosis to the date of death or
patient censored at the last follow-up. The secondary end-
points were the incidence of brain metastases, brain metas-
tases-free survival (BMFS), and adverse effects. Brain
metastases during the course of disease should be testified
by imaging evidence. BMFS was defined as the interval
from the date of diagnosis to the date of development of
brain metastases or death or patient censored at the last fol-
low-up. Acute adverse effects were assessed by the Com-
mon Terminology Criteria for Adverse Events (CTCAE)
version 4.0. To evaluate late adverse effects, the internation-
ally accepted “LENT-SOMA” scoring system (Late Effects
Normal Tissue Task Force-Subjective, Objective, Manage-
ment, Analytic) was used.

Statistical analysis

Patients’ characteristics were described by median values
and the interquartile range (IQR) for non-normally dis-
tributed continuous variables. Categorical variables were
compared by chi-square or Fisher’s exact test. Survival
curves were generated by the Kaplan—Meier method and
compared using log-rank tests. Univariate and multivari-
ate analyses of OS and BMFS were performed with the
Cox proportional hazard regression model; univariate and
multivariate analyses of the incidence of brain metastases
were performed by logistic regression analysis. P < 0.05
was considered statistically significant. SPSS 21.0 software
(IBM; Armonk, NY, USA) was used for statistical analysis.

Results
Patient characteristics

The 204 reviewed patients included 172 males and 32 fe-
males. Median age was 58 years (IQR 52-63 years). PCI
was delivered to 45 (22.1 %) patients. General character-
istics of the cohort stratified according to PCI and control
groups are shown in Table 1. The baseline characteristics
of the two groups were well balanced.

Patient treatment

All patients received initial chemotherapy and showed a re-
sponse to the treatment. Of the 45 patients treated with PCI,
42 received 25 Gy in 10 fractions, 1 patient received 30 Gy
in 10 fractions, and 2 patients received 22.5 Gy in 9 frac-
tions (the last fraction was rejected by these 2 patients).
During the observation period, 11 out of 45 patients receiv-
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Table 1 Demographics of the

population stratified by PCI and Clinical characteristics Category &ihg:n:(?é%{) e II:I/IZ cll’lg E?Q:Rl)Sc?r)
control (no PCI) groups (%) nIN (%)
Age (years) 57 (50-62) 59 (53-64)
Gender Male 36/45 (80.0) 135/159 (84.9)
Female 9/45 (20.0) 24/159 (15.1)
ECOG-PS 0 16/45 (35.6) 55/159 (34.6)
1 28/45 (62.2) 96/159 (60.4)
2 1/45 (2.2) 8/159 (5.0)
First-line chemotherapy Carboplatin + etoposide 26/45 (57.8) 108/159 (67.2)

Clinical stage

Cisplatin + etoposide

11/45 (24.4)

30/159 (18.9)

Cisplatin + irinotecan 7145 (15.6) 14/159 (8.9)
Other 1/45 (2.2) 7/159 (4.4)
Local extensive 17/45 (37.8) 58/159 (36.5)
Distant metastases 28/45 (62.2) 101/159 (63.5)

ECOG PS Eastern Cooperative Oncology Group Performance Status, PCI prophylactic cranial irradiation,

IQR interquartile range
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Fig. 1 Overall survival in correlated to prophylactic cranial irradia-
tion (PCI)

ing PCI developed brain metastases, 22.2 % of whom were
treated with whole-brain radiation therapy (WBRT) after
brain metastases. Of the 159 cases in the control group,
91 patients developed brain metastases, 43.2 % of whom
were treated with WBRT.

Overall survival
During the follow-up period, 29 out of 45 patients in the

PCI group died, as did 83 out of 159 patients in the control
group. As shown in Fig. 1, patients receiving PCI had
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significantly longer OS (median 16.5 months) than those in
control group (median 12.6 months; p = 0.033). The hazard
ratio (HR) for death was 0.63 (95% confidence interval, CI,
0.41 to 0.96) among the patients receiving PCI.

Incidence of brain metastases and PCI

Development of brain metastases was observed in 11 out of
45 patients receiving PCI (24.4 %) and in 91 out of 159 con-
trol patients (57.2 %). The cumulative incidence of brain
metastases in the PCI and control groups is shown in Fig. 2.
The results indicated that the incidence of brain metastases
was significantly lower in the PCI group than in controls
(HR 0.48; 95% CI 0.30 to 0.76; p = 0.001). The 1-year
cumulative risk of brain metastases was 17.1 and 55.9 % in
the PCI and control group, respectively.

Brain metastases-free survival

As shown in Fig. 3, BMFS in the PCI group was signifi-
cantly prolonged compared to the control group (p = 0.002).
Median BMFS was 14.1 months for the patients receiving
PCI and 10.7 months for the patients as control.

Univariate and multivariate analyses of OS, BMFS, and
incidence of brain metastases

All factors influencing the decision whether to perform PCI
or not were included in the multivariate analyses, the results
of which are shown in Table 2. These analyses suggested
that PCI, ECOG, and liver metastases were independent
prognostic factors of OS. Additionally, multivariate analysis
demonstrated that PCI and liver metastases were indepen-
dent predictors of BMFS (Table 2). What’s more, PCI was
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Fig. 2 Cumulative incidence of brain metastases. The solid line sug-
gests that the cumulative incidence of brain metastases for the patients
receiving prophylactic cranial irradiation (PCI) increases with time.
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Fig. 3 Brain metastases-free survival correlated to prophylactic cra-
nial irradiation (PCI)

significantly associated with the incidence of brain metas-
tases and could become a favorable independent factor for
predicting the incidence of brain metastases.

Adverse effects

The observed primary acute adverse effects included mainly
headache, nausea and vomiting, fatigue and lethargy, and

skin reactions, which were graded according to the CTCAE
version 4.0 scoring scale (Table 3). Late adverse effects
mainly included headache and somnolence, both of which
were below grade 2 according to the LENT-SOMA scale
for brain (Table 4).

Discussion

Up until now, no consensus has been reached regarding the
impact of PCI on OS in ESCLC, due to inconsistent re-
sults from previous randomized trials [20, 21]. The current
study observed that PCI significantly prolonged OS in ES-
CLC patients, from 12.6 months in the control group to
16.5 months in the PCI group (from the date of diagnosis;
HR 0.63; 95% CI 0.41 to 0.96; p = 0.034). In addition,
multivariate analyses indicated that PCI was a favorable in-
dependent prognostic factor of OS. The favorable survival
results in this study were consistent with the EORCT trial
[20], which reported that PCI could significantly improve
OS in ESCLC patients (p = 0.003), from 5.4 months in the
control group to 6.7 months in the PCI group (from the date
of randomization rather than the date of diagnosis; the inter-
val between diagnosis and randomization was 4.2 months;
HR, 0.68; 95 % CI 0.52 to 0.88). However, adverse results
were released as an abstract at the 2014 ASCO Annual
Meeting [21], reporting that PCI significantly deteriorated
the OS of ESCLC patients, from 15.1 months in the con-
trol group to 10.1 months in the PCI group (from the date
of diagnosis; HR 1.38; 95 % CI 0.95 to 2.01; p < 0.001).
Unfortunately, the full article has not been published [21],
which prevents its comparison with the EORCT trail [20]
and the current study which report opposing conclusions.
Relative to the EORCT trial [20], the patients in this
study had modestly better baseline conditions of younger
age, better performance status, and less patients with dis-
tant metastases (Table 1). Patients in both the current study
and the EORCT trial [20] received four to six cycles of
initial chemotherapy and had a response to the treatment.
Although a beneficial impact on OS was observed in both
the EORTC and the present study, the current work has
overcome several deficiencies of the EORTC trial. Firstly,
the EORTC trial did not perform brain imaging for each
patient before randomization. Seute et al. [22] reported
that approximately 13 % of patients with SCLC presented
with asymptomatic brain metastases at the time of diagno-
sis. Such patients need a therapeutic radiation dose rather
than a lower dose for PCI. Therefore, the current study ex-
cluded brain metastases before initial chemotherapy. Sec-
ondly, the PCI fractionalization for the majority of patients
in the present study (93.3 %) was closer to the clinical rou-
tine of North America (25 Gy/10 fractions) than in the
EORCT trial (mostly 20 Gy/5 fractions). Thirdly, Takashi
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Table 2 Univariate and multivariate analyses of OS, BMFS, and the ncidence of brain metastases

Variable Univariate analysis Multivariate analysis

HR 95 % CI P-value HR 95 % CI P-value
oS
Age (>58 vs. <58 years) 1.302 0.898-1.889  >0.05 - - -
Gender (female vs. male) 0.991 0.603-1.628  >0.05 - - -
ECOG-PS (2 vs. 0-1) 4.756 2.374-9.528  <0.05 3.182 1.534-6.599 <0.05
Tumor load (distant metastases vs. local extensive) 1.410 0.959-2.084  >0.05 - - -
No. metastatic sites (=2 vs. <1) 1.739 1.163-2.600  <0.05 1.146 0.722-1.820 >0.05
PCI (yes vs. no) 0.630 0.411-0.966  <0.05 0.638 0.413-0.982 <0.05
Bone metastases (yes vs. no) 1.083 0.692-1.694  >0.05 - - -
Liver metastases (yes vs. no) 2.749 1.724-4.383  <0.05 2.193 1.284-3.747 <0.05
Adrenal metastases (yes vs. no) 1.396 0.725-2.687  >0.05 - - -
Lung metastases (yes vs. no) 0.828 0.499-1.374  >0.05 - - -
BMFS
Age (>58 vs. <58 years) 1.065 0.722-1.571  >0.05 - - -
Gender (female vs. male) 1.254 0.774-2.033 >0.05 - - -
ECOG-PS (2 vs. 0-1) 2.383 0.866-6.560  >0.05 - - -
Tumor load (distant metastases vs. local extensive) 1.234 0.826-1.843 >0.05 - - -
No. metastatic sites (=2 vs. <1) 1.652 1.083-2.521 <0.05 1.124 0.688-1.835 >0.05
PCI (yes vs. no) 0.382 0.203-0.716  <0.05 0.410 0.218-0.770 <0.05
Bone metastases (yes vs. no) 0.683 0.405-1.153  >0.05 - - -
Liver metastases (yes vs. no) 2.858 1.728-4.727  <0.05 2.511 1.408-4.477 <0.05
Adrenal metastases (yes vs. no) 1.778 0.946-3.344  >0.05 - - -
Lung metastases (yes vs. no) 0.886 0.526-1.493  >0.05 - - -
Incidence of brain metastases
Age (>58 vs. <58) 1.002 0.974-1.030  >0.05 - - -
Gender (female vs. male) 1.944 0.9004.200  >0.05 - - -
ECOG-PS (2 vs. 0-1) 0.792 0.206-3.037  >0.05 - - -
Tumor load (distant metastases vs. local extensive) 0.881 0.499-1.557  >0.05 - - -
No. of metastatic sites (=2 vs. <1) 1.000 0.561-1.783  >0.05 - - -
PCI (yes vs. no) 0.242 0.114-0.511  <0.05 0.242 0.114-0.511 <0.05
Bone metastases (yes vs. no) 0.701 0.261-1.962  >0.05 - - -
Liver metastases (yes vs. no) 1.283 0.641-2.569 >0.05 - - -
Adrenal metastases (yes vs. no) 1.420 0.546-3.692  >0.05 - - -
Lung metastases (yes vs. no) 1.075 0.510-2.266  >0.05 - - -

ECOG-PS Eastern Cooperative Oncology Group Performance Status, PCI prophylactic cranial irradiation, OS overall survival, BMF'S brain metas-

tases-free survival, HR hazard ratio, CI confidence intervals

et al. [21] have questioned the wide variations of total dose
from 20 to 39 Gy in the EORCT study, whereas this range
was much smaller in the current study (22.5 to 30 Gy). Last
but not least, Takashi et al. [21] pointed out that the ini-
tial chemotherapy did not include platinum in the EORCT
trial, whereas a platinum-based chemotherapy regimen was
administered in 97.8 % of patients in the PCI group and
95.6 % of patients in the control group of the current study.
Based on comparable patient baseline conditions but avoid-
ing some limitations, this retrospective study echoed the
EORTC trial findings that PCI could significantly improve
OS in ESCLC patients.
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The inconsistent conclusions of the three studies may
suggest that not all patients with a response to chemother-
apy would benefit from PCI in terms of OS. Maybe some
other unconsidered characteristics of patients or treatment
have contaminated the PCI effect on OS of ESCLC patients.
For instance, a study conducted by Greenspoon et al. [23]
reported that patients with baseline weight loss of less than
5 kg and a response to chemotherapy may benefit most
from PCI. Further comparison should be made after final
publication of the Japanese trial [21], and further similar
studies may be needed to clarify the indications for PCI in
ESCLC patients.
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Table 3 Acute adverse effects in patients receiving prophylactic cranial irradiation

Primary acute adverse effects Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Headache 10 (22.2 %) 3 (6.7 %) 1(2.2%) 0 (0.0 %) 0 (0.0 %)
Nausea and vomiting 9 (20 %) 2 (4.4 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Fatigue and lethargy 3 (6.7 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Skin reaction 1(2.2%) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Table 4 Late adverse effects of the patients receiving prophylactic cranial irradiation

Late acute adverse effects Grade 1 Grade 2 Grade 3 Grade 4
Subjective

Headache 3 (6.7 %) 1(2.2%) 0 (0.0 %) 0 (0.0 %)
Somnolence 4 (8.9 %) 1(2.2 %) 0 (0.0 %) 0 (0.0 %)
Intellectual deficit 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Functional competence 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Memory 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Objective

Neurologic deficit 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Cognitive functions 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Mood & personality change 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Seizures 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Management

Headache, somnolence 6(13.3 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Seizures 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Cognition, memory 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)

In addition, the current study found that PCI significantly
lowered the risk of brain metastases (p = 0.001), where the
1-year cumulative risk of brain metastases was 17.1 vs.
55.9 % for the PCI and control groups, respectively. Slot-
man et al. [20] also assessed the role of PCI in reducing
the incidence of brain metastases in ESCLC. The results
showed that the 1-year incidence rate of brain metastases
in PCI group was 14.6 %, which was significantly lower
than that in the control group (40.4 %, p < 0.001). Soon af-
terwards, Takashi et al. [21] reported that PCI significantly
reduced the incidence of brain metastases compared to the
control group (p < 0.001) in ESCLC, where the 1-year in-
cidence of brain metastases was 32.4 % in the PCI group
vs. 58.0 % in the control group. Consistent with the results
of previous trials, the present study reconfirmed that PCI
lowered the incidence of brain metastases significantly for
ESCLC patients. Moreover, multivariate analyses further
proved that PCI was an independent predictor of the inci-
dence of brain metastases. Subgroup analysis suggested no
significant differences in the development of brain metas-
tases between the patients receiving CT or MRI.

Kiricuta et al. [24] and Sas-Korczynska et al. [25] re-
ported that PCI could delay development of brain metas-
tases. Gregor et al. [17] and Seute et al. [11] echoed these
findings in their trials, reporting that PCI indeed postponed
development of brain metastases. However, the previous

studies were based on LSCLC patients, and thus may not be
applicable to ESCLC. The current study compared BMFS
in two groups, finding that PCI improved BMFS in ESCLC
patients (p = 0.002). Further multivariate analysis indicated
that PCI was a positive prognostic factor for BMFS.

The primary acute and late adverse effects observed in
this work are in line with previous studies [20] and generally
well tolerated.

In addition to PCI, a study [26, 27] on prophylactic tho-
racic irradiation (PTI) was presented at the 2014 ASCO
Annual Meeting, reporting that PTI improved progression-
free and 2-year survival, although PTI did not influence the
risk of death in the first year; therefore recommending PTI
for all ESCLC patients with a response to chemotherapy.
Considering the limited existing data, more studies on PTI
might be needed in the future.

As to limitations, this retrospective single-center study
involved a limited sample size. More well-designed
prospective studies are recommended to determine whether
PCI could improve OS in ESCLC. These studies shall
include and analyze more patient risk factors to establish
appropriate indications for PCI aimed at a maximum patient
benefit.
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Conclusion

This study indicated that PCI, for patients with any re-
sponse to the initial chemotherapy, significantly improved
OS, reduced the incidence of brain metastases, and delayed
development of brain metastases in ESCLC patients. It
should be noted that these results are only representative of
the analyzed patient population, as this was a single-center
retrospective analysis.
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