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Abstract
Background: Chemoimmunotherapy has emerged as the standard first-line treatment for 
extensive-stage small cell lung cancer (ES-SCLC), improving survival outcomes. However, the 
role of prophylactic cranial irradiation (PCI) in the context of chemoimmunotherapy remains 
undefined.
Objectives: This study aimed to evaluate the impact of PCI on overall survival (OS) in patients 
with ES-SCLC after chemoimmunotherapy administration.
Design: Retrospective study.
Methods: This retrospective analysis included 261 patients with ES-SCLC treated with first-
line chemoimmunotherapy between January 2019 and December 2023. All patients underwent 
MRI scans to confirm the absence of brain metastases. After 1:2 propensity score matching 
(PSM), 46 and 81 patients were assigned to the PCI and observation groups, respectively. The 
primary endpoint was OS, with additional exploration of progression-free survival (PFS), the 
cumulative incidence of intracranial metastases, and intracranial progression-free survival 
(iPFS).
Results: After PSM, the two groups were well-balanced in baseline characteristics. Survival 
analysis showed a median OS of 19.9 months (95% confidence interval (CI): 11.8–28.0) in 
the PCI group and 15.6 months (12.3–18.9) in the observation group, without a significant 
difference (hazard ratio (HR) = 0.763 (95% CI: 0.484–1.206), log-rank p = 0.265). PCI significantly 
reduced the risk of brain metastasis (Fine-Gray p = 0.002), with 1-year cumulative incidence 
rates of 13.8% (3.4%–24.2%) in the PCI group and 53.4% (41.3%–65.6%) in the observation 
group. Subgroup analysis showed that for ES-SCLC patients achieving a partial response to 
initial chemoimmunotherapy, the PCI group had longer median OS (25.7 months  
(95% CI: 15.4–36.1) vs 19.4 months (15.4–23.4); HR = 0.502 (0.284–0.886); log-rank p = 0.021).
Conclusion: PCI did not improve OS in ES-SCLC patients receiving first-line 
chemoimmunotherapy, while it may confer a survival benefit for patients who achieve 
remission following chemoimmunotherapy. In addition, PCI significantly reduced the 
incidence of brain metastases. These findings warrant further randomized studies for 
verification.
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Introduction
Small cell lung cancer (SCLC) is a highly inva-
sive, neuroendocrine-differentiated malignancy 
that comprises around 15% of lung cancers.1,2 
According to the US Veterans Administration 
classification system, SCLC can be categorized 
into limited-stage SCLC (LS-SCLC) and exten-
sive-stage SCLC (ES-SCLC), with approxi-
mately 70% of patients initially diagnosed with 
ES-SCLC and having a poor prognosis.3,4 
Cytotoxic chemotherapy alone provides limited 
survival benefits for ES-SCLC, with a 5-year 
overall survival (OS) generally <3%.5,6 Following 
the era of immunotherapy, the 5-year OS for 
ES-SCLC has improved to nearly 15%, establish-
ing chemoimmunotherapy as the preferred first-
line treatment.7–9

Brain metastasis occurs frequently in SCLC, with 
up to 75% of patients developing cerebral metas-
tases over the course of the disease, significantly 
impacting both quality of life and survival.10,11 
The introduction of prophylactic cranial irradia-
tion (PCI) was considered a landmark achieve-
ment in reducing the risk of brain metastases in 
SCLC.12,13 Early studies and meta-analyses 
showed that PCI could effectively improve sur-
vival in LS-SCLC,12,14 recommending PCI in 
several international guidelines for LS-SCLC 
with a response to initial systemic therapy, though 
practices vary globally.15–17

However, the role of PCI in ES-SCLC is debat-
able, as two large prospective phase III clinical 
trials in the ES-SCLC population yielded contra-
dictory results.18 The EORTC study showed 
that PCI reduced brain metastasis rate from 
40.4% to 14.6% (p < 0.001) and prolonged 
median OS by 1.3 months in the PCI group19 
(HR = 0.68; p = 0.003). In contrast, a Japanese 
study by Takahashi et  al.20 demonstrated that 
while PCI lowered the rate of brain metastases, 
median OS was not statistically significantly dif-
ferent at 11.6 and 13.7 months (HR = 1.27; 
p = 0.094) for the PCI and control arms, respec-
tively. Notably, the latter study emphasized rou-
tine MRI surveillance, fueling ongoing 
discussions around PCI’s efficacy. As MRI sur-
veillance increasingly disseminates into onco-
logical practice, the value of PCI for SCLC has 
faced further reconsideration. The latest meta-
analysis revealed that when utilizing radio-
graphic confirmation of the absence of brain 
metastases, PCI conferred no survival benefit 
for LS- and ES-SCLC.21 Within the recent 

National Comprehensive Cancer Network guide
lines, PCI is not strongly prioritized as routine 
management for ES-SCLC.16

The emergence of immune checkpoint inhibitors 
has broken through the therapeutic conundrum in 
ES-SCLC. Atezolizumab combined with platinum-
based doublet chemotherapy increased median OS 
from 10.3 to 12.3 months in ES-SCLC (HR = 0.76; 
p = 0.0154) and was the first to be approved by the 
US Food and Drug Administration as first-line 
treatment for ES-SCLC.22 Subsequently, several 
large phase III trials have further validated the prog-
nosis-improving effects of immunotherapy in 
ES-SCLC, with median OS ranging from 12.9 to 
15.8 months in the chemoimmunotherapy arms.23–25 
In addition, immune checkpoint inhibitors have 
also been shown to enhance drug penetration into 
the central nervous system.26 A subset evaluation of 
the IMpower133 study found that atezolizumab 
improved time to intracranial progression (20.2 vs 
10.5 months; p = 0.046).22 Currently, the role of 
PCI in the setting of chemoimmunotherapy remains 
unclear. Given this, we aim to explore the role of 
PCI in the immunotherapeutic era through this pro-
pensity score-matched (PSM) study.

Materials and methods

Study design and participants
This was a retrospective, observational, PSM 
cohort study. The study was reported in accord-
ance with the STROBE guidelines.27 Patients ini-
tially diagnosed with ES-SCLC between January 
18, 2019, and December 12, 2023, were reviewed. 
Eligible patients received first-line platinum-
based chemotherapy plus immunotherapy. All 
enrolled patients underwent comprehensive labo-
ratory and imaging evaluation, including crucial 
chest-enhanced CT, abdominal-enhanced CT, 
and cerebral contrast-enhanced MRI. Some 
patients received PCI after completing all cycles 
of chemoimmunotherapy, followed by continued 
immune checkpoint inhibitor maintenance ther-
apy. Others only underwent immune checkpoint 
inhibitor maintenance therapy upon finishing the 
cycles of chemoimmunotherapy.

Specific inclusion criteria were as follows: histo-
logically confirmed extensive-stage non-SCLC; 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 0–2; age 18–75 years; 
receipt of at least two cycles of platinum-based 
doublet chemotherapy plus immunotherapy as 
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first-line treatment with subsequent response 
evaluation; brain metastases excluded by 
enhanced contrast-enhanced MRI; no prior tho-
racic radiotherapy; absence of other cancer or sig-
nificant comorbidities impacting life expectancy; 
availability of complete patient data through reg-
ular follow-up visits.

The study protocol was approved by the Ethics 
Committee of the Zhejiang Cancer Hospital (IRB 
No. 2023-432) and complied with ethical stand-
ards according to the Declaration of Helsinki. 
Consent waivers were granted in accordance with 
protocols approved by the institutional review 
boards at the participating institutions.

Treatment
Patients received four to six cycles of chemoim-
munotherapy followed by immunotherapy main-
tenance every 3 weeks until disease progression or 
intolerance. Local thoracic or bone radiotherapy 
was permitted to improve quality of life. As an 
optional intervention strategy, PCI administra-
tion was determined through individualized deci-
sion-making that incorporated multiple factors, 
including patient preference, age, performance 
status, and socioeconomic considerations, with 
the final decision reached through shared deci-
sion-making between physicians and patients. 
For the PCI group, the prescribed dose was 25 Gy 
in 10 once-daily fractions. PCI was administered 
within 2–4 weeks after completion of chemoim-
munotherapy cycles. Hippocampal Avoidance 
PCI (HA-PCI) was allowed.

Follow-up and endpoints
All patients underwent clinical and radiological 
evaluation every 6 weeks at the hospital along with 
telephone follow-ups after initial chemotherapy 
and immunotherapy, during which imaging results 
were recorded. Cerebral contrast-enhanced MRI 
was performed at an interval of 12 weeks. The 
date of the last follow-up was May 31, 2024. 
Treatment responses were assessed according to 
Response Evaluation Criteria in Solid Tumors 
version 1.1. Brain metastases during the course of 
the disease should be confirmed via enhanced 
MRI imaging. The primary endpoint was to 
determine OS (time from diagnosis to death). 
Secondary endpoints comprised the rate of brain 
metastases, intracranial progression-free survival 
(iPFS; interval from diagnosis to the progression 
of intracranial disease or death), and progression-

free survival (PFS; duration from diagnosis to dis-
ease progression or death).

Statistical analysis
PSM was employed to balance potential con-
founding factors between the PCI and observa-
tion groups. Using 1:2 matching, the PCI group 
was matched to the observation group based on 
age, gender, ECOG performance status, smoking 
history, metastatic status, and response to initial 
therapy, with a caliper of 0.05 and greedy nearest-
neighbor matching algorithm. Patients’ charac-
teristics were described using median value and 
the interquartile range (IQR) for continuous non-
normally distributed variables, while categorical 
variables were compared using Chi-squared or 
Fisher’s exact test. Survival curves were gener-
ated with the Kaplan-Meier method and com-
pared using the log-rank test. Median follow-up 
was calculated from censored data. Hazard ratios 
(HR) and 95% confidence interval (CIs) were 
assessed using the Cox proportional hazards 
model (forward stepwise likelihood ratio method) 
for subgroup analyses. The cumulative incidence 
of brain metastases was calculated and compared 
between groups using the Fine and Gray method. 
Statistics and graphics were generated in SPSS 
(v27.0) or R (v4.4.1). p Values of <0.05 were 
considered statistically significant.

Results
Between January 18, 2019, and December 12, 
2023, a retrospective review identified 863 treat-
ment-naïve ES-SCLC patients treated at our 
center. In total, 602 patients who did not meet 
the inclusion criteria were excluded, leaving 
261 patients who received 4–6 cycles of plati-
num-based chemotherapy plus immunother-
apy. Subsequently, 49 patients received PCI, 
while 212 did not. Following PSM, 46 and 81 
patients were assigned to the PCI and observa-
tion groups for further analysis (Figure 1). The 
demographic and baseline characteristics were 
well-balanced between matched groups (Table 1 
and Supplemental Figure 1). After PSM, the 
median age was 63 years (IQR, 58–70). The 
cohort comprised predominantly male smokers, 
including 112 (88.2%) males and 93 (73.2%) 
current or former smokers. Thirty-six (28.3%) 
and 68 (53.5%) of 127 patients developed liver 
and multi-organ metastases, respectively. Of  
the 127 patients, 52 (40.9%) completed more 
than 4 cycles of platinum-based chemotherapy in 
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combination with immunotherapy, while only 12 
(9.4%) received thoracic radiotherapy. The 
median number of immunotherapy cycles com-
pleted in the matched cohort was 7 (IQR, 4–12). 
In the PSM cohort, the treatment responses 
included: complete response in 0 (0.0%) patients; 
partial response in 84 (66.1%) patients; stable 
disease in 41 (32.3%) patients; and progressive 
disease in 2 (1.6%) patients.

As of the date of the last follow-up, the median 
follow-up was 24.9 months (IQR, 22.0–27.7) for 
the overall cohort and 23.6 months (IQR, 19.3–
27.9) for matched cohorts. The median OS was 
15.5 months (IQR, 13.5–17.4; Figure 2(a)) for 
the overall cohort and 16.6 months (IQR, 13.2–
20.1) for matched cohorts. After PSM, 24 
(52.2%) of 46 patients in the PCI group and 56 
(69.1%) of 81 patients in the observation group 
had died. No significant difference between 
groups in OS was seen: median OS was 
19.9 months (95% CI: 11.8–28.0) in the PCI 
group and 15.6 months (12.3–18.9) in the obser-
vation group (HR = 0.763 (95% CI: 0.484–
1.206); log-rank p = 0.265; Figure 2(b)). The 

1-year OS rates were 68.2% (95% CI: 57.4–79.0) 
in the PCI group and 60.0% (49.2–70.8) in the 
observation group, while the 2-year OS rates were 
42.8% (24.6–61.0) and 27.5% (16.1–38.9), 
respectively. PFS did not differ significantly 
between the two groups: median PFS was 
7.5 months (95% CI: 5.3–9.8) in the PCI group 
versus 6.9 months (5.6–8.2) in the observation 
group (HR = 0.768 (95% CI: 0.517–1.142); log-
rank p = 0.207; Figure 2(c)).

Post-matching, brain metastases were recorded in 
8 (17.3%) of 46 patients in the PCI group versus 
35 (43.2%) of 81 patients in the observation 
group. Counting death as a competing risk, the 
cumulative incidences of brain metastases at 6 
and 12 months were 5.4% (95% CI: 0.7–11.5) 
and 13.8% (3.4–24.2), respectively, with the PCI 
group, versus 20.5% (11.9–29.2) and 53.4% 
(41.3–65.6) with observation group (Fine-Gray 
p = 0.002; Figure 2(d)). iPFS was significantly 
longer with PCI (35.4 months (95% CI: 26.9–
43.9)) versus observation (17.4 months (95% CI: 
8.9–25·9); HR = 0·318 (95% CI: 0.174–1.583); 
log-rank p = 0.002; Figure 2(e)).

Figure 1.  Trial profile.
PCI, prophylactic cranial irradiation.
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Table 1.  Demographics of the population.

Clinical characteristics Entire population Propensity score-matched population

Observation 
(N = 212)

Prophylactic cranial 
irradiation (N = 49)

p-Value Observation 
(N = 81)

Prophylactic cranial 
irradiation (N = 46)

p-Value

Age, years 0.289 0.771

  ⩾65 107 (50.5) 20 (40.8) 37 (45.7) 19 (41.3)  

  <65 105 (49.5) 29 (59.2) 44 (54.3) 27 (58.7)  

Sex 0.456 0.969

  Female 20 (9.4) 7 (14.3) 9 (11.1) 6 (13.0)  

  Male 192 (90.6) 42 (85.7) 72 (88.9) 40 (87.0)  

ECOG performance status 0.572 0.324

  0 59 (27.8) 15 (30.6) 17 (21.0) 15 (32.6)  

  1 124 (58.5) 30 (61.2) 56 (69.1) 28 (60.9)  

  2 29 (13.7) 4 (8.2) 8 (9.9) 3 (6.5)  

Smoking status 1 0.938

  Never 59 (27.8) 14 (28.6) 21 (25.9) 13 (28.3)  

  Current or former 153 (72.2) 35 (71.4) 60 (74.1) 33 (71.7)  

Liver metastases 0.072 1

  No 119 (56.1) 35 (71.4) 58 (71.6) 33 (71.7)  

  Yes 93 (43.9) 14 (28.6) 23 (28.4) 13 (28.3)  

Multiple-organ metastases 0.053 0.962

  No 70 (33.0) 24 (49.0) 37 (45.7) 22 (47.8)  

  Yes 142 (67.0) 25 (51.0) 44 (54.3) 24 (52.2)  

Thoracic radiotherapy 0.642 1

  No 182 (85.8) 44 (89.8) 73 (90.1) 42 (91.3)  

  Yes 30 (14.2) 5 (10.2) 8 (9.9) 4 (8.7)  

Number of chemotherapy cycle 1 0.9

  ⩽4 129 (60.8) 30 (61.2) 47 (58.0) 28 (60.9)  

  5–6 83 (39.2) 19 (38.8) 34 (42.0) 18 (39.1)  

Regimen of immunotherapy 0.16 0.27

  Atezolizumab 36 (17.0) 7 (14.3) 9 (11.1) 7 (15.2)  

  durvalumab 69 (32.5) 9 (18.4) 27 (33.3) 8 (17.4)  

  Srullimab 69 (32.5) 20 (40.8) 28 (34.6) 18 (39.1)  

  Other 38 (17.9) 13 (26.5) 17 (21.0) 13 (28.3)  

Number of immunotherapy 
cycles (median (IQR))

6(4, 8) 7(5, 11) 0.031 6(4, 9) 7(4, 12) 0.158

(Continued)
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Subgroup analyses were performed to identify 
potential ES-SCLC patients benefiting from PCI. 
Of note, in patients achieving the best response of 
PR to initial chemoimmunotherapy, median OS 
was significantly improved with the PCI group 
versus the observation group (25.7 months (95% 
CI: 15.4–36.1) vs 19.4 months (15.4–23.4); 
HR = 0.502 (0·284–0.886); log-rank p = 0.021; 
Figure 3(a)). The OS rates at 1 and 2 years were 
86.3% (95% CI: 73.8–98.8) and 56.4% (34.4–
78.4) in the PCI subgroup, compared to 69.2% 
(56.7–81.7) and 30.9% (15.6–46.2) in the obser-
vation subgroup. Nevertheless, in the subgroups 
of patients ⩽65 years old, those with ECOG 
0–1 performance status, or current/former smok-
ers, PCI did not confer statistically significant 
improvements in median OS versus the observa-
tion group (Figure 3(b)–(d)). Among patients 
without liver metastases or multi-organ metasta-
ses, median OS favored PCI over observation 
(30.8 months (95% CI: 14.3–47.3) vs 16.8 months 
(12.5–21.1) and not reached (NR) vs 14.9 months 
(10.0–19.8), respectively), though without statis-
tical significance (log-rank p = 0.163; HR = 0.659 
(0.377–0.162); and log-rank p = 0.059; HR =  
0.433 (0.204–0.917); Figure 3(e) and (f)). 
Subgroup analyses revealed no significant sur-
vival benefit from PCI in patients stratified by 
either the number of chemotherapy cycles 
received or thoracic radiotherapy administration, 
with OS data across all predefined subgroups is 
depicted in Supplemental Figure 2.

The incidence and treatment of brain metastases 
in the overall cohort of 261 ES-SCLC patients is 
depicted in Figure 4(a). Of the 78 patients who 
developed brain metastases in the observation 
group, 58 (74.4%) subsequently received brain 

radiotherapy. Meanwhile, 6 (60.0%) of the 10 
patients who developed brain metastases in the 
PCI group received brain radiotherapy. Modalities 
comprised whole-brain radiotherapy and stereo-
tactic radiosurgery. Median OS was comparable 
between patients who received PCI (19.9 months 
(95% CI: 11.4–28.4)) and those in the observa-
tion group who developed brain metastases and 
received brain radiotherapy (19.3 months (16.2–
22.4)), with no statistically significant difference 
(Log-rank p = 0.301, HR = 0.776 (0.484–1.246); 
Figure 4(b)). Importantly, in the patient cohort 
achieving PR, the median OS was significantly 
longer in the PCI group (28.8 months (95% CI: 
18.6–40.0)) compared to the MRI monitoring 
plus salvage radiotherapy group (20.6 months 
(18.9–22.2); HR = 0.521 (95% CI: 0.287–0.947); 
p = 0.036; Figure 4(c)).

Discussion
To our knowledge, this is the first study to inves-
tigate the benefit of PCI in ES-SCLC following 
first-line chemoimmunotherapy. By employing 
PSM to balance baseline characteristics between 
the PCI and observation cohorts, our analysis 
provides a more robust evaluation of outcomes.

In our study, PCI did not significantly prolong 
OS or PFS compared to observation, but we 
noted a 4.3-month median survival extension 
with PCI (19.9 vs 15.6 months). Importantly, all 
enrolled patients in our study underwent con-
trast-enhanced brain MRI at baseline and before 
PCI to exclude the presence of brain metastases. 
In contrast, earlier ES-SCLC studies, such as the 
representative EORTC trial,19 did not require 
pre-PCI brain imaging, raising doubts regarding 

Clinical characteristics Entire population Propensity score-matched population

Observation 
(N = 212)

Prophylactic cranial 
irradiation (N = 49)

p-Value Observation 
(N = 81)

Prophylactic cranial 
irradiation (N = 46)

p-Value

Response to initial treatment 0.268 0.561

  Complete response 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)  

  Partial response 133 (62.7) 33 (67.3) 53 (65.4) 31 (67.4)  

  Stable disease 63 (29.7) 16 (32.7) 26 (32.1) 15 (32.6)  

  Progressive disease 15 (7.1) 0 (0.0) 2 (2.5) 0 (0.0)  

ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range.

Table 1.  (Continued)
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Figure 2.  The effect of PCI on the PSM cohort. (a) OS curves for the total population. (b) Kaplan-Meier curves of OS for PSM  
patients. (c) Kaplan-Meier curves of PFS for PSM patients. (d) Cumulative incidence curves of brain metastases for PSM patients.  
(e) Kaplan-Meier curves of intracranial PFS for PSM patients.
HR, hazard ratio; OS, overall survival; PCI, prophylactic cranial irradiation; PFS, progression-free survival; PSM, propensity score-matched.

their outcomes. Subsequently, a phase III rand-
omized controlled trial by Takahashi et al.20 in a 
similar population but with mandatory pre-PCI 
brain MRI also reported negative results for PCI 
in improving OS. Therefore, the consensus is that 
any survival benefit PCI conferred upon patients 
without radiographic exclusion of brain metasta-
ses may have been therapeutic rather than pro-
phylactic, as also corroborated in the meta-analysis 
of Gaebe et al.21 Overall, our findings are broadly 
aligned with the literature. However, it is  
noteworthy that in the context of first-line 

chemoimmunotherapy, where the median OS 
was already 16.6 months in our study, the abso-
lute 4.3-month OS advantage with PCI versus 
observation is still potentially clinically meaning-
ful, warranting further randomized controlled tri-
als to determine the role of PCI definitively.

Our data demonstrated that PCI significantly 
reduced the cumulative incidence of brain metas-
tases by approximately 40% at 1 year, with 
median iPFS extended by around 18 months. 
This aligns with most prior studies,19,20,28 where 
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PCI preventing cerebral dissemination was 
widely accepted in the chemotherapy-only era, 
irrespective of staging or MRI monitoring. For 
instance, Li et al.28’s retrospective analysis of 190 
LS-SCLC cases found that 1-year brain metasta-
sis risk lowered by approximately 35% with PCI 
(37.7% vs 3.2%); the EORTC study of 286 
ES-SCLC cases showed 1-year brain metastasis 

risk reduced by approximately 26% with PCI 
(40.4% vs 14.6%)19; and Takahashi et  al.20’s 
study of 224 ES-SCLC cases found 1-year brain 
metastasis risk lowered by approximately 31% 
with PCI (59.0% vs 32.9%). Compared to these 
reports, the 1-year cumulative brain metastasis 
incidence reduction and projected iPFS exten-
sion observed in our study represent among the 

Figure 3.  Subgroup analysis of PCI in the PSM cohort. (a) Kaplan-Meier curves of OS for patients with treatment response. 
(b) Kaplan-Meier curves of OS for patients aged less than 65 years. (c) Kaplan-Meier curves of OS for patients with ECOG 0–1 
performance status. (d) Kaplan-Meier curves of OS for smokers. (e) Kaplan-Meier curves of OS for patients without liver metastasis. 
(f) Kaplan-Meier curves of OS for patients without multiple-organ metastasis. Subgroups with a sample size of less than 15 patients 
in either study group are not shown.
ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; OS, overall survival; PCI, prophylactic cranial irradiation; PSM, propensity score-
matched; NR, not reached.
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best historical data. This suggests potential inter-
actions between PCI and immunotherapy beyond 
PCI’s role in cerebral metastasis prevention.

We further conducted subgroup analyses to iden-
tify potential populations preferentially benefiting 
from PCI. Importantly, our data showed that in 
patients who achieved a PR with initial chemoim-
munotherapy, the PCI group experienced a clini-
cally meaningful 6.3-month prolongation in 
median OS with statistical significance (OS 25.7 
vs 19.4 months; HR = 0.502; p = 0.021). Patients 
with a favorable response to chemoimmunother-
apy often exhibit an active immune microenvi-
ronment and prolonged survival, making them 
more susceptible to intracranial progression over 
time. Our findings suggest that robust treatment 
response may serve as an optimal selection crite-
rion for PCI administration, as PCI not only 

reduces the risk of intracranial metastases but also 
demonstrates significant survival benefits in this 
selected population. Analyses of other negative 
studies did not suggest OS prolongation with PCI 
in first-line chemotherapy CR/PR patients, which 
may be attributable to the generally shorter OS of 
ES-SCLC in the chemotherapy-only era, as well 
as differences in therapeutic approaches. In addi-
tion, in our study, no clear survival benefits 
emerged in younger, better ECOG, or smoking 
subgroups. However, among those with lower 
tumor burden without hepatic metastases (26.0 
vs 20.6 months) or solitary organ metastasis (21.2 
vs 17.7 months), PCI appeared to confer greater 
median OS extensions, without statistical signifi-
cance but with pronounced trends.

As MRI surveillance gradually became standard 
management for ES-SCLC patients, some 

Figure 4.  Comparative analysis of intervention patterns following chemotherapy combined with immunotherapy. (a) A pie chart 
showing the distribution of patients undergoing different management strategies. (b) Kaplan-Meier curves of OS for patients 
receiving PCI versus observation who developed brain metastases receiving radiotherapy. (c) Kaplan-Meier curves of OS for patients 
who achieved PR or CR receiving PCI versus observation combined with salvage radiotherapy.
CR, complete response; nPCI-BRT, observation with brain metastases receiving radiotherapy; OS, overall survival; PCI, prophylactic cranial 
irradiation; PR, partial response.
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researchers argued that PCI may lack cost-effec-
tiveness,21,29,30 exemplified by Takahashi et al.20’s 
phase III trial demonstrating no difference in sur-
vival with adequate MRI staging and observation. 
This comparison becomes even more obscure 
entering the immunotherapy era.31 Those receiv-
ing MRI screening and salvage radiotherapy post-
brain metastases represent current clinical 
practice pathways better. Our data showed 
median OS was similar between PCI and salvage 
radiotherapy groups under MRI monitoring (19.9 
vs 19.3 months), suggesting PCI may not benefit 
all ES-SCLC in new treatment paradigms, espe-
cially with increasing stereotactic radiosurgery 
acceptance due to lower cognitive function and 
quality of life impacts.32 Nonetheless, for the 
patient cohort with a good response to chemoim-
munotherapy, PCI continued to confer a superior 
survival benefit compared to MRI monitoring 
combined with salvage radiotherapy (28.8 vs 
20.6 months). Ongoing clinical trials such as 
SWOG 1827 MAVERICK (NCT04155034) and 
PRIMALung Study (NCT04790253) are pro-
spectively comparing the impact of PCI versus 
MRI surveillance alone on survival outcomes in 
SCLC populations, with immunotherapy or adju-
vant treatments allowed concurrently. More 
definitive answers will emerge from the results of 
these prospective clinical studies to potentially 
identify optimal PCI subgroups in the immuno-
therapy era.

As a retrospective single-center study with a lim-
ited sample size, the results are constrained in 
generalizability. Second, we did not analyze treat-
ment-related adverse effects of PCI combined 
with immunotherapy, including potentially sig-
nificant neurocognitive toxicity from PCI. Due to 
the small number of patients receiving PCI, we 
were also unable to independently compare dif-
ferences between HA-PCI and non-HA-PCI. 
Furthermore, a lack of data characterizing dis-
tinct molecular subtypes of ES-SCLC precluded 
identifying potential subgroups that may benefit 
from PCI. Well-designed prospective multicenter 
studies with larger patient cohorts and more com-
prehensive clinical data are needed to validate the 
role of PCI in the context of immunotherapy.

Conclusion
This study found that PCI did not improve OS in 
ES-SCLC patients receiving first-line chemoim-
munotherapy, while it may provide a survival 
advantage for patients who achieve remission 

after chemoimmunotherapy. Moreover, PCI sig-
nificantly reduced the incidence of brain metasta-
ses. These findings warrant further randomized 
studies for validation.

Declarations

Ethics approval and consent to participate
The research protocol was approved by the Ethics 
Committee of the Zhejiang Cancer Hospital (IRB 
No. 2023-432). Consent to participate: Consent 
waivers were granted in accordance with proto-
cols approved by the institutional review boards 
at the participating institutions.

Consent for publication
Not applicable.

Author contributions
Shichao Zhou: Formal analysis; Investigation; 
Software; Visualization; Writing – original draft.

Wanchen Zhai: Data curation; Project adminis-
tration; Software; Validation.

Qian Zhang: Data curation; Investigation; 
Methodology.

Hui Li: Project administration; Resources; 
Validation; Visualization; Writing – original draft; 
Writing – review & editing.

Yun Fan: Conceptualization; Methodology; 
Project administration; Resources; Supervision; 
Writing – review & editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Further information and requests for resources 
should be directed to and will be fulfilled by the 
lead contact. 

ORCID iDs
Shichao Zhou  https://orcid.org/0009-0000- 
5436-1256

https://journals.sagepub.com/home/tam
https://orcid.org/0009-0000-5436-1256
https://orcid.org/0009-0000-5436-1256


S Zhou, W Zhai et al.

journals.sagepub.com/home/tam	 11

Wanchen Zhai  https://orcid.org/0009-0006- 
5712-4524

Yun Fan  https://orcid.org/0000-0003-1755- 
0175

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Sen T, Takahashi N, Chakraborty S, et al. 

Emerging advances in defining the molecular and 
therapeutic landscape of small-cell lung cancer. 
Nat Rev Clin Oncol 2024; 21: 610–627.

	 2.	 Rudin CM, Brambilla E, Faivre-Finn C, et al. 
Small-cell lung cancer. Nat Rev Dis Primers 2021; 
7: 3.

	 3.	 Breitling LP, Rinke A and Gress TM. Recent 
survival trends in high-grade neuroendocrine 
neoplasms and lung cancer. Neuroendocrinology 
2020; 110: 225–233.

	 4.	 Jones GS, Elimian K, Baldwin DR, et al. A 
systematic review of survival following anti-cancer 
treatment for small cell lung cancer. Lung Cancer 
2020; 141: 44–55.

	 5.	 Yang W, Wang W, Li Z, et al. Differences 
between advanced large cell neuroendocrine 
carcinoma and advanced small cell lung cancer: 
a propensity score matching analysis. J Cancer 
2023; 14: 1541–1552.

	 6.	 Wang S, Tang J, Sun T, et al. Survival changes 
in patients with small cell lung cancer and 
disparities between different sexes, socioeconomic 
statuses and ages. Sci Rep 2017; 7: 1339.

	 7.	 Lahiri A, Maji A, Potdar PD, et al. Lung cancer 
immunotherapy: progress, pitfalls, and promises. 
Mol Cancer 2023; 22: 40.

	 8.	 Mansfield AS, Każarnowicz A, Karaseva N, 
et al. Safety and patient-reported outcomes 
of atezolizumab, carboplatin, and etoposide 
in extensive-stage small-cell lung cancer 
(IMpower133): a randomized phase I/III trial. 
Ann Oncol 2020; 31: 310–317.

	 9.	 Paz-Ares L, Dvorkin M, Chen Y, et al. 
Durvalumab plus platinum-etoposide versus 
platinum-etoposide in first-line treatment 
of extensive-stage small-cell lung cancer 
(CASPIAN): a randomised, controlled, open-
label, phase 3 trial. Lancet 2019; 394: 1929–1939.

	10.	 van Meerbeeck JP, Fennell DA and De Ruysscher 
DK. Small-cell lung cancer. Lancet 2011; 378: 
1741–1755.

	11.	 Hirsch FR, Paulson OB, Hansen HH, et al. 
Intracranial metastases in small cell carcinoma 
of the lung. Prognostic aspects. Cancer 1983; 51: 
529–533.

	12.	 Aupérin A, Arriagada R, Pignon JP, et al. 
Prophylactic cranial irradiation for patients with 
small-cell lung cancer in complete remission. 
Prophylactic Cranial Irradiation Overview 
Collaborative Group. N Engl J Med 1999; 341: 
476–484.

	13.	 Komaki R, Cox JD and Whitson W. Risk of brain 
metastasis from small cell carcinoma of the lung 
related to length of survival and prophylactic 
irradiation. Cancer Treat Rep 1981; 65: 811–814.

	14.	 Arriagada R, Le Chevalier T, Rivière A, et al. 
Patterns of failure after prophylactic cranial 
irradiation in small-cell lung cancer: analysis of 
505 randomized patients. Ann Oncol 2002; 13: 
748–754.

	15.	 Simone CB 2nd, Bogart JA, Cabrera AR, et al. 
Radiation therapy for small cell lung cancer: an 
ASTRO clinical practice guideline. Pract Radiat 
Oncol 2020; 10: 158–173.

	16.	 Ganti AKP, Loo BW, Bassetti M, et al. Small 
cell lung cancer, Version 2.2022, NCCN Clinical 
Practice Guidelines in Oncology. J Natl Compr 
Canc Netw 2021; 19: 1441–1464.

	17.	 Hoda MA, Klikovits T and Klepetko W. 
Controversies in oncology: surgery for small cell 
lung cancer? It’s time to rethink the case. ESMO 
Open 2018; 3: e000366.

	18.	 Yu NY, Sio TT, Ernani V, et al. Role of 
prophylactic cranial irradiation in extensive-stage 
small cell lung cancer. J Natl Compr Canc Netw 
2021; 19: 1465–1469.

	19.	 Slotman B, Faivre-Finn C, Kramer G, et al. 
Prophylactic cranial irradiation in extensive 
small-cell lung cancer. N Engl J Med 2007; 357: 
664–672.

	20.	 Takahashi T, Yamanaka T, Seto T, et al. 
Prophylactic cranial irradiation versus observation 
in patients with extensive-disease small-cell lung 
cancer: a multicentre, randomised, open-label, 
phase 3 trial. Lancet Oncol 2017; 18: 663–671.

	21.	 Gaebe K, Erickson AW, Li AY, et al. 
Re-examining prophylactic cranial irradiation 
in small cell lung cancer: a systematic review 
and meta-analysis. EClinicalMedicine 2024; 67: 
102396.

https://journals.sagepub.com/home/tam
https://orcid.org/0009-0006-5712-4524
https://orcid.org/0009-0006-5712-4524
https://orcid.org/0000-0003-1755-0175
https://orcid.org/0000-0003-1755-0175


Therapeutic Advances in 
Medical Oncology Volume 17

12	 journals.sagepub.com/home/tam

	22.	 Liu SV, Reck M, Mansfield AS, et al. Updated 
overall survival and PD-L1 subgroup analysis 
of patients with extensive-stage small-cell lung 
cancer treated with atezolizumab, carboplatin, 
and etoposide (IMpower133). J Clin Oncol 2021; 
39: 619–630.

	23.	 Goldman JW, Dvorkin M, Chen Y, et al. 
Durvalumab, with or without tremelimumab, 
plus platinum-etoposide versus platinum-
etoposide alone in first-line treatment 
of extensive-stage small-cell lung cancer 
(CASPIAN): updated results from a randomised, 
controlled, open-label, phase 3 trial. Lancet Oncol 
2021; 22: 51–65.

	24.	 Wang J, Zhou C, Yao W, et al. Adebrelimab 
or placebo plus carboplatin and etoposide as 
first-line treatment for extensive-stage small-cell 
lung cancer (CAPSTONE-1): a multicentre, 
randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 2022; 23: 739–747.

	25.	 Cheng Y, Han L, Wu L, et al. Effect of first-line 
serplulimab vs placebo added to chemotherapy 
on survival in patients with extensive-stage small 
cell lung cancer: the ASTRUM-005 randomized 
clinical trial. JAMA 2022; 328: 1223–1232.

	26.	 Waqar SN and Morgensztern D. Treatment 
advances in small cell lung cancer (SCLC). 
Pharmacol Ther 2017; 180: 16–23.

	27.	 Vandenbroucke JP, von Elm E, Altman DG, et al. 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE): explanation 
and elaboration. Ann Intern Med 2007; 147: 
W163–W194.

	28.	 Li J, Ding C, Yang C, et al. Prophylactic cranial 
irradiation confers favourable prognosis for 
patients with limited-stage small cell lung cancer 
in the era of MRI: a propensity score-matched 
analysis. J Med Imaging Radiat Oncol 2021; 65: 
778–785.

	29.	 Gjyshi O, Ludmir EB, Pezzi TA, et al. Evolving 
practice patterns in the use of prophylactic cranial 
irradiation for extensive-stage small cell lung 
cancer. JAMA Netw Open 2019; 2: e199135.

	30.	 Keller A, Ghanta S, Rodríguez-López JL, et al. 
Utility of prophylactic cranial irradiation for 
extensive-stage small-cell lung cancer in the 
MRI screening era. Clin Lung Cancer 2021; 22: 
e808–e816.

	31.	 Tang L, Tian G and Li N. Current dilemma 
and future directions over prophylactic cranial 
irradiation in SCLC: a systematic review in MRI 
and immunotherapy era. Front Oncol 2024; 14: 
1382220.

	32.	 Suh JH. Stereotactic radiosurgery for the 
management of brain metastases. N Engl J Med 
2010; 362: 1119–1127.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

