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Background and purpose: The value of prophylactic cranial irradiation (PCI) for extensive-stage small-cell
lung cancer (ES-SCLC) has recently been challenged. This study was conducted to evaluate the role of PCI
for ES-SCLC under active brain magnetic resonance imaging (MRI) surveillance.
Materials and methods: Patients with ES-SCLC who showed any responses after first-line chemotherapy
and no initial brain metastasis (BM) were retrospectively included. Active brain MRI surveillance was
performed for all patients. Progression-free survival (PFS) and overall survival (OS) were compared
between PCI and non-PCI patients. The time-related hazard of BM was evaluated in non-PCI patients.
Results: One hundred and eighteen consecutive patients were included in the study. The median follow-
up time was 26.5 months (3–72 months). The median PFS and OS were better in the PCI cohort than in the
non-PCI group. Multivariate analyses revealed first-line chemotherapy cycles (> 4 vs. � 4 cycles, HR: 0.29;
95% CI: 0.15–0.55, P < 0.01) and PCI (Yes vs. No, HR: 0.54; 95% CI: 0.29–0.99, P = 0.04) were independent
prognostic factors for disease progression. In the non-PCI group, 47.4% (46/97) of the patients developed
BM and the hazard of BM increased continuously in three-quarters of the first year since diagnosis.
Conclusion: Under active brain MRI surveillance, PCI could be beneficial for patients with ES-SCLC who
show good responses after first-line chemotherapy.

� 2020 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Small cell lung cancer (SCLC) accounts for approximately 15–
20% of all lung cancers. In 2019, approximately 30,000 new cases
of SCLC were reported in the United States, representing the fifth
leading cause of cancer death [1,2]. According to an epidemiologic
analysis, in two-thirds of cases, SCLC was diagnosed as extensive
stage [3]. The primary treatment for extensive-stage small cell lung
cancer (ES-SCLC) is platinum-based combined chemotherapy.
Although SCLC is one of the most chemosensitive types of solid
tumor [4], it is highly susceptible to recurrence and metastasis [5].
The brain is a high-risk relapse site for SCLC. Autopsy studies
have confirmed that brain metastases occurred in more than 50%
of all cases of SCLC [6]. Since the role in improving survival, pro-
phylactic cranial radiotherapy (PCI) has become part of the stan-
dard care for patients with limited stage of SCLC [7]. However,
the value of PCI in ES-SCLC remains controversial. A European ran-
domized study suggested that PCI could provide survival benefits
for patients with ES-SCLC who showed any chemotherapy
response in addition to reducing the risk of brain metastases [8].
This result however was challenged by a Japanese study. Of this
study, a total of 224 ES-SCLC patients who achieved any responses
from the first-line chemotherapy were enrolled. All patients under-
went brain MRI scans 4 weeks before enrollment to rule out a pos-
sible asymptomatic brain metastases, and then were randomly
assigned to the PCI treatment group or an observation group at a
scale of 1:1. The final results showed that PCI did not improve
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overall survival (OS) or progression-free survival (PFS), but only
reduced the risk of brain metastasis [9].

Recently, a real-world retrospective analysis attempted to ana-
lyze the effect of brain MRI screening on the value of PCI. The result
showed that adding PCI could provide survival benefits for patients
with ES-SCLC who show stable systemic disease, regardless of
whether MRI screening was performed [10]. In our institute, active
brain MRI follow-up is a routine diagnostic procedure for ES-SCLC
during and after completing first-line chemotherapy. Therefore,
the aim of this study was to comprehensively analyze the value
of PCI for ES-SCLC under active brain MRI surveillance.
2. Materials and methods

2.1. Patients

Between June 2012 and June 2019, 332 patients with SCLC were
treated in our institution. Among them, 194 were diagnosed to
have extensive-stage disease. Moreover, patients were eligible for
inclusion in our retrospective study if 1) they were diagnosed as
having extensive-stage SCLC (based on pathological confirmation);
2) they had undergone at least three cycles of first-line chemother-
apy; 3) detailed brain MRI follow-up images were available for
patients; and 4) they did not have brain metastases at the time
of the initial diagnosis (confirmed using brain MRI). Patient selec-
tion is shown in Supplement 1.

2.2. Treatments

All patients underwent brain MRI and thoracoabdominal CT
within 1 month before any treatment. The primary treatment
was platinum-based combination chemotherapy. Thoracic radio-
therapy was recommended, but not mandatory, for patients with
stable systemic disease after first-line chemotherapy. Consolida-
tive thoracic radiotherapy was performed by intensity-modulated
radiotherapy. The gross tumor volume (GTV) was the radiologically
evident residual lesion after chemotherapy. The planning target
volume was determined based on the GTV by adding a margin of
0.6 cm in the axial plane and 1.0 mm in the craniocaudal plane.
The median prescription dose for thoracic radiotherapy was
60 Gy in 30 fractions (range, 30 Gy 10 fractions to 68 Gy/34 frac-
tions). PCI were performed by a three-dimensional radiotherapy
under the routing mask fixation technique, and the prescribed dose
for all was 25 Gy in 10 fractions.

2.3. Evaluation method and statistical analyses

Prior to treatment, patients required a baseline evaluation,
including chest and abdomen enhanced CT and brain MRI scans.
During first-line chemotherapy, evaluations, including chest CT
and brain MRI, were performed after every two cycles of
chemotherapy. Brain MRI scans were the routing items before
PCI. When completing the full course of treatment, patients
received the same radiographic assessment in every 2 months.

PFS was measured from the date of disease diagnosis to the date
of disease progression or death from any cause or the final follow-
up. OS was measured from the date of disease diagnosis to the date
of death from any cause or date of the final follow-up. Brain
progression-specific survival (BSS) was measured from the date
of disease diagnosis to the date of death from brain metastases
progression. PFS, OS and BSS were evaluated using the Kaplan-
Meier method and evaluated by a log-rank test. Multivariate Cox
proportional hazards analysis was performed to determine the
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effect of different covariates on PFS and OS. Monthly hazard rates
of BM were calculated as the total number of events per month
divided by patients at risk of BM in that month. Hazard rate curves
were smoothed by applying an Epanechnikov kernel [11]. All sta-
tistical analyses were performed using SPSS, version 20.0 (IBM
Inc) and R, version 3.2.1 (R Foundation for Statistical Computing).
3. Results

3.1. Patient characteristics

A total of 118 patients were eligible for inclusion in the study.
The median age was 62 years (range, 27 to 80 years). The propor-
tion of elderly patients (>65 years) was relatively low (N = 34,
28.8%). The majority of patients had an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0–1 (N = 95, 80.5%). Eto-
poside combined with platinum was the most common first-line
chemotherapy regimen (N = 113, 95.8%). The median cycles of
first-line chemotherapy were 5 (range, 3 to 5).

Twenty-one patients underwent PCI. PCI was prescribed at a
uniform dose of 25 Gy in 10fractions. Compared to those who
did not undergo PCI, the patients who received PCI all completed
six cycles of first-line chemotherapy as scheduled. According to
the efficacy evaluation after chemotherapy, most of them showed
good responses (CR + PR, N = 20, 95.2%). Furthermore, a higher
number of patients in the PCI group underwent consolidative tho-
racic radiotherapy (N = 17, 81.0%). The median prescription dose
for thoracic radiotherapy was 60 Gy in 30 fractions (range,
30 Gy/10F-68 Gy/34F). Patients’ characteristics are shown in
Table 1.

3.2. PCI improves the outcomes of ES-SCLC with good chemotherapy
responses

The median follow-up time was 26.5 months (range, 3–
72 months). The 0.5- and 1-year PFS rates were 68.3% (95% confi-
dence interval [CI] 57.4–74.7) and 18.5% (95% CI, 7.4–20.3), respec-
tively. Patients receiving PCI showed significantly better PFS at
1 year than those who did not receive PCI; the corresponding 1-
year PFS rate was 43.5% and 13.6%, respectively (log-rank test,
P = 0.001; Fig. 1A). Multivariate analyses showed that PCI was an
independent prognostic factor for PFS (HR, 0.54; 95% CI, 0.29–
0.99; P = 0.04; Fig. 2). At the final evaluation, 48 patients showed
BM (PCI group, N = 2 vs. non-PCI group, N = 46). PCI significantly
prolonged the time to brain relapse, with the median time to brain
relapse being 15.9 months in the PCI group vs. 7.3 months in non-
PCI group.

The 0.5- and 1-year OS rates were 89.6% (95% CI, 81.3–93.3) and
52.6% (95% CI, 42.1–61.0), respectively (Supplement 2). Univariate
analysis showed that PCI could improve OS: 1-year OS rate was
63.3% in the PCI group and 50.3% in the non-PCI group (log-rank
test, P = 0.037 (Fig. 1B). However, after adjustment for multiple
covariates, PCI was not independently associated with OS (HR,
0.63; 95% CI, 0.30–1.34; P = 0.23) (Fig. 2).

3.3. BM risk for ES-SCLC without PCI

In our cohort, a total of 97 patients did not receive PCI, of which
46 patients showed brain metastases during follow-up. The major-
ity of patients (86.9%, 40/46) received whole-brain radiotherapy
(WBRT) after diagnosis of brain metastases. Six patients failed to
complete WBRT due to severe cranial nerve symptoms caused by
BM. A higher proportion of brain progression-specific death



Table 1
Characteristics of patients with extensive-stage small-cell lung cancer with or
without PCI.

Variables Patients no. (%)

No PCI PCI P
(N = 97) (N =21)

Age (y)
�65 68 (70.1) 16 (76.2) 0.577
>65 29 (29.9) 5 (23.8)

Sex
Male 86 (88.7) 20 (95.2) 0.613
Female 11 (11.3) 1 (4.8)

ECOG performance status
0–1 78 (80.4) 17 (78.9) 1
>1 19 (19.6) 4 (21.1)

Smoking status
Never smoked 22 (22.6) 4 (19.0) 0.963
Previously smoked 75 (77.4) 17 (81.0)

T stage
T1/2 24 (24.7) 5 (26.3) 0.928
T3/4 73 (75.3) 16 (73.7)

N stage
N0 3 (3.1) 3 (14.3) 0.04
N1 4 (4.1) 3 (14.3)
N2 48 (49.5) 5 (23.8)
N3 42 (43.3) 10 (47.6)

Chemotherapy regimen
EP/EC 93 (95.9) 20 (95.2) 1
IP 4 (4.1) 1 (4.8)

Chemotherapy cycles
�4 23 (23.7) 0 (0) 0.012
>4 74 (76.3) 21 (100)

Chemotherapy responses
CR 6 (6.2%) 9 (42.9) <0.001
PR 76 (78.4%) 11 (52.3)
SD 15 (15.4%) 1 (4.8)

Thoracic radiation
Yes 67 (69.1) 17 (81.0) 0.276
No 30 (30.9) 4 (19.0)

Thoracic radiation dose
�60Gy/30F 30 (30.9) 11 (52.3) 0.061
<60Gy/30F 67 (69.1) 10 (47.7)

Abbreviations: PCI, prophylactic cranial irradiation; ECOG, Eastern Cooperative
Oncology Group; EP, etoposide + cisplatin; EC, etoposide + carboplatin; IP,
irinotecan + cisplatin; CR, complete response; PR, partial response, SD, stable
disease.
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occurred in the non-PCI group (20.2%, 15/74) than that in PCI group
(0%, 0/21) (Supplement 3). Patients receiving PCI showed signifi-
cantly better progression-specific survival at 1 year than those
Fig. 1. A, Comparison of PFS between PCI and non-PCI ES-SCLC patients, B, Comparison o
overall survival; PCI, prophylactic cranial irradiation; ES-SCLC, extensive-stage small cel
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who did not receive PCI, the corresponding 1-year brain
progression-specific survival rate was 100.0% and 86.0%, respec-
tively (log-rank test, P = 0.039; Fig. 3).

Smoothed hazard plots showed the trend of monthly hazard of
brain metastases and yielded information regarding the instanta-
neous brain metastasis risk for those patients. Within 9 months
from diagnosis, the monthly hazard of brain metastases increased
gradually and peaked at 10.5% at the time of 9 months. After that
time point, the hazard began to decline (Fig. 4A). The cumulative
incidence of brain metastases in this cohort at 6, 7, 8 and 9 months
after diagnosis was 14.9%, 21.1%, 33.2% and 37.6%, respectively
(Fig. 4B).
4. Discussion

PCI is an important component in the treatment of limited-
stage SCLC [7]. However, its value in ES-SCLC remains controver-
sial. At our institute, periodic brain MRI screening is a routine
examination for all cases of SCLC. We found that even under the
active brain MRI surveillance, additional PCI could further improve
the PFS and reduce the incidence of BM for ES-SCLC patients who
achieved a good response after first-line chemotherapy. Further-
more, we observed that the hazard of BM would increase over time
after disease diagnosis.

SCLC is a highly metastatic and relapsing malignancy with a
very poor prognosis. The prognosis of ES-SCLC is even worse, with
the 5-year OS less than 5% [12]. For many years, platinum com-
bined with etoposide was recommended as the primary standard
care for ES-SCLC. To further improve the outcomes, many new
drugs such as immune checkpoint inhibitors have been recently
employed in cases of ES-SCLC. The randomized trial IMpower 133
reported that the addition of atezolizumab, a PDL-1-targeting
checkpoint inhibitor, to carboplatin plus etoposide could signifi-
cantly improve the median OS from 10.3 months to 12.3 months
in comparison with chemotherapy alone [13]. Meanwhile, an
ongoing phase III study Caspian preliminarily suggested that the
addition of another PDL-1 checkpoint inhibitor durvalumab to cis-
platin plus etoposide could also significantly improve the survival
for ES-SCLC, with the median OS increasing from 10.3 to
13.0 months [14].

In our cohort, the 1-year OS rate was 52.6% and the median OS
was 12.8 months. Our outcomes appear to be comparable to the
results from these prospective studies. One possible reason could
be that the definition of OS was different. In prospective studies,
OS or PFS were often calculated from the time of randomization.
However, in our study, the OS and PFS were defined from the time
f OS between PCI and non-PCI ES-SCLC patients. PFS, progression-free survival; OS,
l lung cancer.



Fig. 2. Multivariate analysis and forest plots indicating the independent prognostic factors for PFS and OS in ES-SCLC patients. PFS, progression-free survival, OS, overall
survival; ES-SCLC, extensive-stage small cell lung cancer, HR, hazard ratio; CI, confidence interval.

Fig. 3. Comparison of BSS between PCI and non-PCI ES-SCLC patients. BSS, brain
progression-specific survival; ES-SCLC, extensive-stage small cell lung cancer; PCI,
prophylactic cranial irradiation.
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of diagnosis. In general, it took approximately one to three months
from diagnosis for a patient to enter randomization. Therefore, we
needed to interpret the results of our OS prudently when compar-
ing with those prospective studies.

According to the Japanese prospective study, if the patients
were identified as showing no BM in initial diagnosis, PCI after
first-line chemotherapy could not provide an additional PFS and
OS benefit [9]. In our analysis, all patients underwent active brain
19
MRI surveillance, and we still observed the positive value of PCI for
reducing disease progression. Meanwhile, consistent with most
studies, PCI significantly reduced the incidence of brain metastases
and prolonged the duration of brain recurrence.

Thoracic consolidation radiotherapy plays an important role in
ES-SCLC patients who achieved stable control of systemic disease
by first-line chemotherapy. The European prospective study con-
firmed that consolidation radiotherapy to the thoracic region could
reduce locoregional recurrence and provide a long-term OS benefit
for patients with residual thoracic disease after chemotherapy [15].
Some earlier studies also found that thoracic radiotherapy could
prolong the OS for ES-SCLC [16,17]. In our cohort, most patients
(71.2%, N = 84) had completed thoracic radiotherapy. In our PCI
group, the completion rate of thoracic radiotherapy was higher
than that in non-PCI group. The discrepancy in delivering thoracic
radiotherapy was another potential reason for the better PFS in the
PCI group.

In this cohort, the median dose of thoracic radiotherapy was
60 Gy over 30 fractions, which was higher than the dose applied
in Slotman’s study. Based on some findings for advanced non-
small-cell lung carcinoma (NSCLC), the administration of higher
radiotherapy doses to primary sites would lead to better outcomes
[18,19]. We speculated that the use of high-dose radiotherapy to
the thoracic lesion in our study was another possible explanation
for our better prognosis than previous studies.

In the subsequent multivariate analysis, PCI was not confirmed
as an independent prognostic factor for OS. One possible reason
was that patients would die of the non-intracranial progression,
which offset the OS benefit from PCI. In the non-PCI group, the
majority of patients developing brain metastases received WBRT.



Fig. 4. A, Smoothed hazard plots for the monthly rate of brain metastasis for ES-SCLC without PCI; B, the cumulative incidence of brain metastases of ES-SCLC without PCI. ES-
SCLC, extensive-stage small cell lung cancer; PCI, prophylactic cranial irradiation.
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However, some patients might occur disease deteriorates rapidly
caused by BM, losing the opportunity to complete WBRT. In addi-
tion, we observed a higher brain progression-specific death risk
in non-PCI group than that in PCI group. Adding PCI significantly
improved the 1- year BSS. Therefore, we affirmed the value of PCI
based on its effect on improving PFS and BSS and reducing BM.

The timing of PCI has been rarely discussed. Chen et al found
that early PCI (started within 6 months from initial chemotherapy)
significantly lowered the risk of brain metastases in comparison
with late PCI (started more than 6 months from initial chemother-
apy) in ES-SCLC [20]. Similarly, as reported by Auperin et al, PCI
administered within 6 months was associated with a reduced risk
of brain metastases in SCLC (including L-SCLC and ES-SCLC) [7]. In
this study, according to the data from patients who did not
undergo PCI, the hazard of BM is highly correlated with the time.
At 6 months after diagnosis, the cumulative risk of brain relapse
was up to 14%. As a result, determining the optimal timing for
PCI is an urgent topic.

According to the Impower 133 and Caspian studies, chemother-
apy combined with immunotherapy could provide a better objec-
tive responses and OS than chemotherapy alone. Based on our
results, the optimal population for PCI was those who showed good
responses after first-line chemotherapy. Therefore, we speculated
that PCI might be more valuable in the coming era of
immunotherapy.

The main limitations of our study were the retrospective analy-
sis, and the fact that all patients were from one single institution.
In our study, only 21 patients received PCI, and this population
might represent a highly selective group. In order to minimize
the selection bias, we described their clinical characteristics and
treatment courses in a detailed manner. Meanwhile, multivariate
analysis was used to determine the prognostic value of PCI after
adjustments for several covariates. In addition, due to the retro-
spective nature, we did not analyze the patients’ quality of life
and changes in cognitive function.
5. Conclusion

Under active brain MRI surveillance, PCI could still improve the
outcomes for ES-SCLC patients who showed good responses after
first-line chemotherapy.
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