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Abstract
Background and purpose  In the context of the widespread availability of magnetic resonance imaging (MRI) and 
aggressive salvage irradiation techniques, there has been controversy surrounding the use of prophylactic cranial 
irradiation (PCI) for small-cell lung cancer (SCLC) patients. This study aimed to explore whether regular brain MRI plus 
salvage brain irradiation (SBI) is not inferior to PCI in patients with limited-stage SCLC (LS-SCLC).

Methods  This real-world multicenter study, which was conducted between January 2014 and September 2020 at 
three general hospitals, involved patients with LS-SCLC who had a good response to initial chemoradiotherapy and 
no brain metastasis confirmed by MRI. Overall survival (OS) was compared between patients who did not receive 
PCI for various reasons but chose regular MRI surveillance and followed salvage brain irradiation (SBI) when brain 
metastasis was detected and patients who received PCI.

Results  120 patients met the inclusion criteria. 55 patients received regular brain MRI plus SBI (SBI group) and 65 
patients received PCI (PCI group). There was no statistically significant difference in median OS between the two 
groups (27.14 versus 33.00 months; P = 0.18). In the SBI group, 32 patients underwent whole brain radiotherapy and 
23 patients underwent whole brain radiotherapy + simultaneous integrated boost. On multivariate analysis, only 
extracranial metastasis was independently associated with poor OS in the SBI group.

Conclusion  The results of this real-world study showed that MRI surveillance plus SBI is not inferior to PCI in OS for 
LS-SCLC patients who had a good response to initial chemoradiotherapy.

Keywords  Limited-stage small cell lung cancer, Brain metastases, Magnetic resonance imaging, Prophylactic cranial 
irradiation
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Introduction
Currently, prophylactic cranial irradiation (PCI) is a 
category 1 recommendation for limited-stage SCLC 
(LS-SCLC) patients who have a good response to chemo-
radiotherapy (CRT), according to guidelines such as the 
National Comprehensive Cancer Network [1]. These 
recommendations have been implemented in clinical 
practice for decades and are based primarily on the meta-
analysis of LS-SCLC trials indicating that PCI improves 
overall survival (OS) by 5.4% [2]. However, within the 
above meta-analysis, the detection of brain metastases 
(BM) was primarily achieved by brain computed tomog-
raphy (CT) or even by plain X-rays of the brain. Theo-
retically, patients with occult BM may be included in 
this population, which may have exaggerated the actual 
benefits of PCI. The RTOG 0212 study demonstrated that 
the preferred dose for PCI is 25 Gy in 10 daily fractions; 
patients receiving a higher dose of 36 Gy in 18 daily frac-
tions had higher mortality and higher chronic neurotox-
icity [3].

With the rapid development and widespread appli-
cation of MRI technologies and the publication of a 
Japanese study showing PCI was not superior to MRI fol-
low-up for extensive SCLC, the role of PCI for LS-SCLC 
has become more contentious [4]. In the real world, 
many patients did not undergo PCI due to various con-
cerns such as neurotoxicity [5, 6].

In the MRI era, no prospective study has demonstrated 
the benefit of PCI in LS-SCLC. We conducted this real-
world study to investigate whether MRI surveillance plus 
salvage brain irradiation (SBI) is not inferior to PCI in 
terms of OS for patients with LS-SCLC and to further 
explore prognostic factors.

Materials and methods
Study design and patient population
Patients’ clinicopathological characteristics, cancer treat-
ment history, and outcomes were reviewed retrospec-
tively. The inclusion criteria were as follows: (i) LS-SCLC 
with pathological or cytological confirmation, according 
to the Tumor-Node-Metastasis (TNM) staging system 
of the American Joint Committee on Cancer (eighth edi-
tion), as well as the Veterans Administration Lung Study 
Group staging system; (ii) Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) of 0–2; (iii) 
brain MRI was carried out at diagnosis and after chemo-
radiotherapy to rule out BM; and (iv) had a complete or 
partial response to initial concurrent/sequential CRT. 
The main exclusion criteria included: (i) combined with 
other malignancies; (ii) chemotherapy cycles < 4; (iii) the 
disease progressed during CRT; and (iv) incomplete med-
ical records (such as no ECOG PS, prescription medica-
tion information, etc.) or imaging data. The primary end 
point was OS in all patients included in the study. The 

secondary endpoint was survival after BM (SABM) in 
patients who underwent SBI.

Treatment and follow up
Chemotherapy consisted of at least four cycles of plati-
num plus etoposide every 3–4 weeks. Intensity-modu-
lated radiation therapy (IMRT) was used to deliver a total 
dose of 60 to 70 Gy in single daily fractions of 2 Gy for 
thoracic radiotherapy (TRT). When TRT was adminis-
tered concurrently, it began on the first or second chemo-
therapy cycle, when administered sequentially, it began 
after the last chemotherapy cycle. It is recommended that 
lung CT be reexamined after 4 to 5 weeks following TRT 
in order to compare lesions before and after treatment. 
If the size of the tumor decreased notably, repositioning 
was performed to outline the target area and irradiate 
with a reduced field depending on each patient’s physical 
condition.

PCI was delivered using a CT-based treatment plan 
to patients who had a response to initial therapy at the 
discretion of the treating physician. For those patients 
who did not undergo PCI, the treatment protocol was for 
surveillance brain MRI with use of whole brain radiation 
therapy (WBRT) or WBRT + simultaneous integrated 
boost (SIB) at the time of BM. Monitoring of intracra-
nial status with a thin slice  (3–5  mm)  plain scan and 
enhanced MRI was conducted at least once every two to 
three months for all patients, regardless of whether PCI 
was performed.

The decision regarding systemic treatments or post-
progression treatments for two groups was made by the 
treating physicians based on the guidelines, patients’ will-
ingness, and general health status. All patients were fol-
lowed up by the outpatient clinic and telephone calls with 
an interval of 1–3 months.

Efficacy assessments
The Response Evaluation Criteria in Solid Tumors 
(RECIST version 1.1) criteria was used for efficacy 
assessment every six weeks during protocol treatment, 
every three months after treatment for a period of two 
years, and every six months thereafter. If clinically indi-
cated, additional CT, MRI, bone scans, etc., may be per-
formed between scheduled scans. Using the pathological 
diagnosis date as the index date, all enrolled patients 
were followed until death or censored at the date of last 
follow-up (May 23, 2022). OS was defined as the interval 
between the date of pathological diagnosis and the date 
of death or the last date known to be alive. The SABM 
was defined as the time from the diagnosis of BM until 
death or last follow-up.
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Statistical analysis
To determine whether there were differences in basic 
clinical characteristics between groups, continuous vari-
ables were compared using a Student t-test, and cat-
egorical variables were compared by the chi-square test. 
Survival distributions were estimated by the Kaplan-
Meier method and compared using the log-rank test. 
Stratification by initial disease status was undertaken in 
an attempt to reduce the influence of potential confound-
ers. Multivariate and univariate survival analyses were 
conducted using the Cox proportional hazards regres-
sion model. If univariate analysis indicated possible 
association with the outcome (P < 0.10), the variables 
were included in the multivariate analysis. Interactions 
between variables and interaction with time were tested. 
Statistical analyses were completed using SPSS software 
(version 22.0, IBM SPSS) and R version 4.2.0.

Ethical aspects
All procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the local ethics committees and with the 1964 
Helsinki declaration and its later amendments or compa-
rable ethical standards. Retrospective data were retrieved 
from electronic medical records upon patient informed 
consent. If the patients died, informed consent was 
obtained from the patient’s family.

Results
Patient and treatment characteristics
The information of 143 patients was initially recorded for 
analysis in the study. However, 23 patients were excluded 
due to combined with other malignancies (n = 2), che-
motherapy cycles < 4 (n = 5), disease progression during 
CRT (n = 11), incomplete medical records (n = 3), and 
incomplete imaging data (n = 2). Finally, 120 patients with 
LS-SCLC who were treated within our centers between 
January 2014 and September 2020 met inclusion crite-
ria for our analysis. Of these, 55 patients received SBI 
(WBRT or WBRT + SIB). According to the linear qua-
dratic model, the equivalent dose in 2 Gy per fraction of 
WBRT was calculated to be 32.5–50 Gy. For brain meta-
static lesions, the cumulative SIB dose was 50–60 Gy in 
2–4  Gy per fraction per day, five days a week. PCI was 
performed on 65 patients using 25 Gy in 10 fractions. The 
baseline clinicopathological characteristics of patients 
are summarized in Table  1. There were no baseline dif-
ferences for sex, ECOG PS and smoker between the two 
groups. The median ages for the SBI and PCI groups 
were 63 and 58 years, respectively (P < 0.01). In the SBI 
group, patients with TNM stage I/II (12.73% vs. 29.23%, 
P = 0.04), patients receiving concurrent CRT (10.91% vs. 
32.31%, P < 0.01), and patients with complete response 
efficacy (12.73% vs. 29.23%, P = 0.04) were all significantly 
lower than those in the PCI group. The median follow-
up duration period in the two groups (24.21 vs. 28.12 
months, P = 0.15) was similar.

Survival outcomes and prognostic analysis
Among the entire cohort, the median OS was 29.18 
months (95% confidence interval [CI] 23.04–35.31). The 
Kaplan-Meier survival curves for OS are displayed in 
Fig. 1. In the SBI and PCI groups, the median OS times 
were 27.14 (95% CI 21.08‒33.20) and 33.00 (95% CI 
25.79‒40.18) months, respectively. The 2-year OS rates 
were 58% and 66% in the SBI and PCI groups, respec-
tively (hazard ratio: 1.36, 95% CI: 0.86–2.15, P = 0.18). 
There were no significant interactions between treatment 
group and any prespecified subgroups including age, 
sex, ECOG PS, smoker, TNM stage, CRT sequence, and 
response to initial treatment (Fig. 2).

The cumulative 1-year SABM rates in the WBRT 
vs. WBRT + SIB groups were 54% vs. 48%, respec-
tively (Fig.  3). The median SABM times in the WBRT 
and WBRT + SIB groups were 15.67 and 12.85 months, 
respectively. The difference in survival rate was not sig-
nificant (P = 0.97). Predictors of OS on univariate and 
multivariate analyses in patients with MRI surveillance 
plus aggressive SBI are shown in Table  2. On univari-
ate Cox regression analysis, where the primary outcome 
was mortality from any cause, factors associated with 
increased overall mortality were female and with 

Table 1  Baseline patient and treatment characteristics
Characteristic SBI (n = 55) PCI (n = 65) P-Value
Median age (range), years 63 (42–77) 58 (41–72) < 0.01
Sex, n (%) 0.55
  Male 40 (72.73) 43 (66.15)
  Female 15 (27.27) 22 (33.85)
ECOG PS, n (%) 0.24
  0–1 45 (81.82) 51 (78.46)
  2 10 (18.18) 14 (21.54)
Smoker, n (%) 0.58
  Yes 31 (56.36) 41 (63.08)
  No 24 (43.64) 24 (36.92)
Clinical stage, n (%) 0.04
  I/II 7 (12.73) 19 (29.23)
  III 48 (87.27) 46 (70.77)
Initial treatment, n (%) < 0.01
  Concurrent CRT 6 (10.91) 21 (32.31)
  Sequential CRT 49 (89.09) 44 (67.69)
Response to initial treatment, n (%) 0.04
  Complete response 7 (12.73) 19 (29.23)
  Partial response 48 (87.27) 46 (70.77)
Abbreviations: SBI, salvage brain irradiation; PCI, prophylactic cranial 
irradiation; ECOG PS, Eastern Cooperative Oncology Group performance status; 
CRT, chemoradiotherapy
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extracranial metastasis. Only extracranial metastasis was 
independent predictor for OS on multivariate analysis.

Discussion
Given improvements in technology and a higher accessi-
bility to MRI, it is uncertain whether PCI remains benefi-
cial for patients with LS-SCLC when compared to MRI 

surveillance plus SBI, as this has not yet been evaluated 
in prospective trials [7]. In this multi-institutional study 
with 120 consecutive MRI staged patients with LS-SCLC 
diagnosed between 2014 and 2020, we investigated the 
effects of management strategies for brain radiotherapy 
on OS.

Fig. 2  Subgroup analysis for overall survival
Abbreviations: PCI = prophylactic cranial irradiation; SBI = salvage brain irradiation; CI = confidence interval; ECOG PS = Eastern Cooperative Oncology 
Group performance status; CRT = chemoradiotherapy; CR = complete response; PR = partial response

 

Fig. 1  Kaplan-Meier plots of overall survival in SBI group and PCI group
Abbreviations: SBI, salvage brain irradiation; PCI, prophylactic cranial irradiation; HR, hazard ratio; CI, confidence interval
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There was no significant difference in OS between the 
SBI and PCI groups (P = 0.18), although younger age and 
higher ratios of early TNM stage, CR, and concurrent 
CRT were advantageous for the PCI group. No significant 
interaction was observed between treatment assignment 
and subgroups. However, the subgroup analysis may be 
underpowered and should be considered exploratory. 
This study reported a longer median OS (29.18 months; 
95%CI 23.04–35.31) than what has been reported in 
the randomized phase III CONVERT trial, which used 
66 Gy in single daily fractions of 2 Gy (25 months; 95%CI 
21–31) [8]. Perhaps the best explanation of these results 
is that brain MRI and IMRT in the CONVERT trial were 
not mandated; in this study, all patients received brain 
MRI monitoring and IMRT.

Several non-randomized retrospective studies con-
ducted after 1999 have reported a significant difference 
in OS between patients with LS-SCLC who did or did not 
receive PCI [9–11], but this could not be confirmed by 
other studies [12–14]. Novel to this paper is its empha-
sis on the optimal management strategies of brain radio-
therapy (SBI for BM detected early by MRI compared to 
PCI). As MRI screening has become widespread, brain 
MRI is routinely performed for patients with LS-SCLC. 
Meanwhile, the long-term side effects of PCI are con-
cerning. There has been evidence from several phase III 
trials that PCI is associated with a deterioration in cogni-
tive and neuropsychological function [5, 15, 16]. Receiv-
ing memantine orally and hippocampal avoidance using 
IMRT may be considered potential strategies to prevent 

cognitive dysfunction [17–19]. However, their role in 
PCI remains controversial. There is a paucity of evidence 
regarding the efficacy of memantine in PCI in random-
ized trials [20]. Phase III trials evaluating neurocognitive 
function after hippocampal avoidance-PCI versus PCI 
have shown conflicting results [19, 21]. The investigators 
hypothesized that regular brain MRI surveillance plus 
aggressive SBI would be an appropriate treatment model 
rather than PCI for LS-SCLC. In this study, the probabil-
ity of oligometastases in the brain was higher than that of 
multimetastases in the SBI group (65.45% vs. 34.55%); the 
median OS of the SBI and PCI groups did not differ sig-
nificantly. These results support this alternative strategy.

Given the high rate of BM in SCLC, WBRT rather 
than stereotactic radiotherapy alone is still preferred in 
patients who develop BM [7, 22]. Several studies have 
shown that the use of WBRT + SIB is superior to WBRT 
alone, and the application of SIB-IMRT for the treatment 
of BM is growing [23–25], but its real prognostic value is 
unclear, particularly in the context of lung cancer. So, we 
further compared the effects of WBRT and SIB on sur-
vival. It should be noted, however, that SABM did not dif-
fer significantly between the WBRT + SIB and the WBRT 
groups. There is no agreement on the optimal hypofrac-
tionation schedule and each institute makes its decision 
based on clinical judgment and experience. This may 
explain our findings.

As immune checkpoint inhibitors have demonstrated 
success in the extensive-stage, this immunotherapeu-
tic strategy is now being implemented in the potentially 

Fig. 3  Kaplan-Meier plots of SABM in the salvage brain irradiation group
Abbreviations: SABM, survival after brain metastasis; WBRT, whole brain radiotherapy; SIB, simultaneous integrated boost; CI, confidence interval; HR, 
hazard ratio
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curative, limited stage [26–28]. As a result, it is impera-
tive to reassess the therapeutic effectiveness of PCI in 
SCLC patients in the era of immunotherapy.

Despite its strengths, the study has certain limita-
tions. Although the eligibility and exclusion criteria were 
fairly strict, due to the retrospective nature of this study, 
selection bias and heterogeneity were inevitable among 
enrolled patients. Secondly, due to the limited sample 
size in our study, a lack of sufficient statistical power may 
be accounting for the absence of benefit observed. Lastly, 
since this project was conducted retrospectively, data on 
cognitive outcomes were rarely available for analysis.

Conclusion
In conclusion, this study suggests that MRI surveillance 
plus SBI might be an appropriate alternative to PCI for 
patients with LS-SCLC. Multicenter and prospective ran-
domized phase III clinical trials are warranted.
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