
ABSTRACT 
Background and purpose: Prophylactic cranial irradiation (PCI) is part of standard treatment for patients 
with limited disease small cell lung cancer (LD-SCLC), treated with curative intent. However, doubt has 
been raised about the efficacy of PCI in a modern clinical setting. Therefore, we examined factors impact-
ing PCI receival, the cumulative incidence of symptomatic brain metastases, and overall survival (OS) with 
and without PCI.
Patient/material and methods: Records of 190 patients with LD-SCLC consecutively treated between 
2012 and 2021 at our institution were reviewed. Patients were grouped based on whether they received 
PCI (PCI, n = 119) or not (no PCI, n = 71). Baseline characteristics, Kaplan-Meier estimates of OS, and cumu-
lative incidence of symptomatic brain metastases were compared for the two groups.
Results: PCI no patients were older, had a poorer performance status, were more often treated in 2018–
2021 and had more frequently a brain magnetic resonance imaging (MRI) at the time of diagnosis. No PCI 
median OS was 19 months compared to 24 months for PCI, not significantly different (p = 0.40). During 
follow-up 54 patients (28.4%) developed symptomatic brain metastases, with no statistically significant 
difference in the numbers of patients with, and cumulative incidence of, symptomatic brain metastases 
between the two groups (p = 0.35 and p = 0.21, respectively).
Interpretation: Despite patients not receiving PCI being older and in poorer performance status, no sta-
tistically significant difference in OS or cumulative incidence of brain metastasis were observed compared 
to patients who received PCI. This supports uncertainty regarding the role of PCI.
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Introduction

Prophylactic cranial irradiation (PCI) with 25Gy in 10 fractions 
(fx), 5fx per week, following concurrent chemo-radiotherapy, is 
the standard treatment for patients with limited disease small 
cell lung cancer (LD-SCLC), with responsive disease [1, 2]. 
Despite being treated with curative intent, the prognosis is poor, 
with a 5-year survival rate of less than 30% and a high risk of 
both local and distant failure [2–6]. Brain metastasis is a 
significant concern, with nearly half of patients developing 
symptomatic brain metastasis within the first 2 years after treat-
ment [7]. A landmark meta-analysis from 1999 demonstrated a 
5% overall survival (OS) benefit and a reduced incidence of brain 
metastasis in patients with LD-SCLC treated with PCI [8]. The use 
of PCI was further supported in 2007 by a randomized trial find-
ing a decreased risk of symptomatic brain metastasis and better 
OS in patients with extensive disease small cell lung cancer 
(ED-SCLC) [9]. However, most patients did not have sufficient 
brain imaging to rule out brain metastases before initiating PCI. 
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Based on brain magnetic resonance imaging (MRI), up to 15% of 
patients with small cell lung cancer (SCLC) have asymptomatic 
brain metastases at the time of PCI [10, 11]. Modern diagnostic 
workup is more extensive, including combined positron emis-
sion tomography (PET) and computed tomography (CT), and a 
brain MRI [1, 5]. A meta-analysis from 2024 found no OS benefit 
for patients with LD-SCLC or ED-SCLC receiving PCI following a 
brain MRI confirming the absence of brain metastases [12]. A 
randomized trial of a surveillance program with brain MRI versus 
PCI and brain MRI in patients with ED-SCLC from 2017 showed 
no survival benefit of PCI, but a significantly lower number of 
brain metastases with an incidence of 15% versus 46% at 6 
months, 33% versus 59% at 12 months and 40% versus 64% at 
18 months [13]. A limitation of PCI is the risk of neurocognitive 
side effects; approximately 83% of patients over 60 years of age 
have chronic neurocognitive impairment 12 months after PCI, 
compared with only 56% of patients younger than 60 years of 
age [14]. Hippocampal avoidance in PCI has been investigated 
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in several trials as a strategy to reduce the neurocognitive 
impairment, the results are conflicting [15–17]. International 
guidelines recommend PCI for all fit patients with LD-SCLC. For 
patients not surely fit for PCI, shared decision-making is recom-
mended [1, 18]. The conflicting results on effect and side effects 
of PCI make the shared decision-making process complex and 
not well supported. In recent randomized studies, the propor-
tion of patients receiving PCI varies from 54% to 84% [4, 5, 19, 
20]. This study aims to examine the role of PCI on OS and symp-
tomatic intracranial failure in a historical Danish cohort of 190 
patients diagnosed and treated by modern standards, as well as 
investigating factors influencing the selection of patients who 
receive PCI.

Patients/material and methods

Patients

All patients with LD-SCLC treated at Aarhus University Hospital 
between 2012 and 2021 with curatively intended thoracic radio-
therapy (45Gy/30fx/10fx per week) were identified from radio-
therapy records and patient data were reviewed. A physician 
manually extracted data from hospital records, radiotherapy 
plans, and imaging. No data were missing.

Pre-therapeutic staging included diagnostic 18 fluoro-
deoxyglucose PET (18F-FDG-PET), chest and abdominal CT and 
endobronchial ultrasonography (EBUS). From 2017, brain MRI 
became part of diagnostic workup. Diagnosis was confirmed by 
biopsy of tumors and/or lymph nodes. Patients received 0–4 
cycles of platinum-based chemotherapy. Carboplatin (AUC 5, 
according to the Calvert formula) or cisplatin (75 mg/m²) were 
administered on day 1 of each cycle together with etoposide on 
days 1 to 3 (120 mg/m² intravenously or 240 mg/m² orally). An 
18F-FDG-PET and a 4D-CT were obtained shortly before 
radiotherapy treatment started and used for treatment planning. 
Radiotherapy was delivered as homogeneous doses of 1.5Gy per 
fraction, twice daily, with daily treatment setup imaging (Cone-
beam CT). All patients received intensity-modulated radiation 
therapy (IMRT) and from 2013 soft tissue match with adaptive 
radiotherapy was used for setup [21]. After chemo-radiotherapy 
patients without progressive disease and in good clinical 
condition were offered PCI (25Gy/10fx/5fx per week) at physicians’ 
discretion. The cohort was divided into two groups: those who 
received PCI (PCI) and those who did not (no PCI). Follow-up 
consisted of a contrast-enhanced thoracic and abdominal CT-
scan every 3 months until 2 years, hereafter every 6 months until 
5 years. Systematic brain imaging was not routinely performed 
during follow-up. If relapse was suspected, patients underwent 
re-evaluation and restaging using 18F-FDG-PET, CT scans, and 
biopsies. A brain MRI or CT was performed in case of symptoms 
consistent with brain metastasis. ECOG performance status (PS) 
was grouped as 0–1 or 2–3; stage as IB-IIB, IIIA-IIIB, or IIIC; and 
treatment period as early (from 1st of January 2012 to 31st of 
December 2017) or late (from 1st of January 2018 to 31st of 
December 2021). Symptomatic brain metastasis was defined as 
any documented event during follow-up. 

Statistics

Statistical analyses were performed in SPSS 28.0. and R 4.4.1. 
Comparisons of baseline characteristics were made by Chi-
square (χ2) test, except for age where an independent samples 
T-test was used. Age was normally distributed, assessed by 
QQ-plot. Parameters that significantly impacted receival of PCI 
were defined as p < 0.05. Follow-up time was estimated by 
inverse Kaplan-Meier. OS was defined as time from the start of 
radiotherapy to death. Time to symptomatic brain metastasis 
was defined as time from start of radiotherapy to first CT or MRI 
scan of the brain confirming brain involvement. Kaplan-Meier 
estimates of OS were compared in groups using Cox Regression, 
with significance reached if p < 0.05. The univariate Cox 
Regression was performed for sex, PS, stage, chemotherapy 
agent, treatment period, and PCI on OS. Cumulative incidence 
curves were used to estimate the cumulative risk of sympto-
matic brain metastases grouped by PCI. Gray’s test was used to 
compare the groups, with death without symptomatic brain 
metastases as a competing risk. Finally, a multivariate Cox 
Regression analysis on sex, PS, stage, treatment period, and PCI 
was performed to assess independent predictors of OS.

Results

A total of 190 patients with LD-SCLC were registered in the 
radiotherapy records with curatively intended thoracic radio-
therapy of 45Gy/30fx/10 fx per week, from January 2012 to 
December 2021. Data extraction was performed on the 26th of 
November 2023. A total of 119 patients (62.6%) received PCI 
(PCI group) and 71 patients (37.4%) did not (no PCI group). 
There was no difference between the two groups in terms of 
sex, disease stage, smoking status, or chemotherapy regimen. 
No PCI patients were older, with a median of 70.8 years [43.5–
83.1] compared to PCI patients with 64.5 years [40.7–80.2] 
(p < 0.01) and had a worse PS (p = 0.05). Fewer no PCI patients 
recieved cisplatin than PCI patients (p < 0.01) and they were 
more likely to have been treated in the later period (2018–
2021) (p < 0.01) and to have undergone brain MRI at diagnosis 
(p < 0.01), see Table 1. The frequency of PCI decreased from 
82.5% in the early treatment period to 36.5% in the late period, 
while the frequency of diagnostic brain MRI increased from 
26.9% to 89.0% in the same periods. After a median follow-up 
time of 74 months, the median OS (mOS) for the entire cohort 
was 22 months (95% CI 18.1–25.9), with a 2-year survival of 
46.3 % (95% CI 39.2–53.4) and a 5-year survival of 24.5 % (95% 
CI 18.0–31.0), see Figure 1a. The mOS was 19 months (95% CI 
14.1–24.0) for no PCI patients and 24  months (95% CI 19.5–
28.5) for PCI patients, with no significant OS difference (p = 
0.40), see Figure 1b.

In the univariate analysis, stage was the only variable 
significantly associated with OS. This association remained 
significant in the multivariate analysis, which included sex, PS, 
stage, chemotherapy agent, treatment period, and PCI, see 
Table 2 and the supplementary material.
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During follow-up, 54 patients (28.4%) developed 
symptomatic brain metastases: 23 events (32.4%) in the no PCI 
group and 31 (26.1%) in the PCI group. Fifteen events were 
first-time relapses without other signs of local or distant 
recurrences, with 8 (11.3%) in the no PCI group and 7 (5.9%) in 
the PCI group. The cumulative incidence of symptomatic brain 
metastases did not differ significantly between the two groups, 
with a hazard ratio of 0.71 (95% CI 0.41–1.21) (p = 0.21); however, 
visual inspection suggests that symptomatic brain metastases 
occurred earlier in the no PCI patients compared to the PCI 
patients. Demonstrating a 1-year risk of symptomatic brain 
metastases of 19.7% (95% CI 10.4–29.0) for no PCI and 7.6% 
(95% CI 2.8–12.3) for PCI and a 2-year risk of 29.6% (95% CI 18.9–
40.3) and 19.3% (95% CI 12.2–26.5), respectively See Figure 1c.

Discussion and conclusion

This study found a decreasing proportion of patients treated with 
PCI over time. Patients who did not receive PCI were older, had 
poorer PS, underwent brain MRI at diagnosis more frequently, 
and were more often treated during the later period of the study. 

Despite these differences, no significant differences in OS or 
cumulative incidence of symptomatic brain metastases were 
observed between the groups. A limitation of our study is that the 
single institution cohort may not have been large enough to 
detect a survival benefit, particularly since no individual study in 
the Auperin et al. (1999) meta-analysis had a significant OS bene-
fit on its own [8]. The use of brain MRI largely increased over the 
study period and is now recommended as part of the diagnostic 
workup [1]. A brain MRI detects brain metastasis in nearly 25% of 
patients with SCLC, 11% of these being asymptomatic [11]. The 
survival benefit of PCI observed in previous studies may, in part, 
be explained by the fact that PCI was not solely prophylactic [8, 9]. 
This is supported by Gaebe et al. (2024), finding no significant OS 
difference between PCI or not in patients who underwent a brain 
MRI to exclude brain metastases, with a hazard ratio of 0.74 (95% 
CI 0.52–1.05) [12].Brain MRI at diagnosis likely contributed to the 
decrease in the proportion of patients treated with PCI in the later 
period due to the more comprehensive information provided by 
MRI, on potential frailty and increased risk of neurocognitive 
impairment (such as chronic ischemia, prior infarcts, and cerebral 
atrophy) [22–24]. Another contributing factor may have been the 
study by Takahashi et al., which found no survival benefit of PCI 
[13]. However, in our study regular MRI surveillance was not per-
formed, and to omit PCI on the basis of the Takahashi et al. study, 
might be an over-interpretation, considering several patients in 
the surveillance group of that study received therapeutic radio-
therapy to the brain afterward [13]. Large, randomized trials in 
LD-SCLC have also not implemented regular MRI surveillance of 
the brain in the follow-up, indicating it is not standard procedure 
[4, 5, 20]. The lack of systematic brain imaging in our study is a 
limitation; the number of brain metastases would likely have 
been larger, and there might have been a significant difference in 
the cumulative incidence of brain metastases. Development of 
brain metastases is often associated with severe symptoms that 
are difficult to palliate and death often follows shortly after [25, 
26]. Data comparing neurocognitive side effects of PCI and symp-
toms of brain metastases are sparse. Takahashi et al. found no sig-
nificant difference in neurocognitive function measured by the 
Mini-Mental State Examination between patients receiving PCI or 
not [13]. Ongoing randomized phase III studies, the MAVERICK 
trial (NCT04155034) and the PRIMALung trial (NCT04790253), are 
comparing PCI and MRI surveillance versus MRI surveillance alone 
for patients with SCLC. These trials include both LD-SCLC and 
ED-SCLC, with stratification for disease stage. Both trials have sec-
ondary endpoints examining cognitive failure; additionally, 
MAVERICK is examining toxicities, while PRIMALung is following 
patients with quality-of-life assessments. These trials will further 
examine the role of PCI in a modern era with immunotherapy 
emerging in the treatment of patients with LD-SCLC, following 
the ADRIATIC trial finding a survival benefit of durvalumab over 
placebo with a mOS of 55.9 months (95% CI 37.3-not reached) for 
durvalumab compared to 33.4 months (95% CI 25.5–39.9) for pla-
cebo [20]. Even though stratification for PCI was performed in the 
trial, the study was not powered to examine subgroup compari-
sons. Immunotherapy has been used for patients with ED-SCLC 
for some time, but data on PCI integrated with immunotherapy 

Table 1.  Baseline characteristics of 190 patients.

Characteristics no PCI
N = 71

PCI
N = 119

p

Age, years (median) 
[min-max]

70.8 
[43.5–83.1]

64.5 
[40.7–80.2]

<0.001*

Sex 
Male
Female 

36 (50.7%)
35 (49.3%)

66 (55.5%)
53 (44.5%)

0.525

ECOG PS 
0–1
2–3

55 (77.5%)
16 (22.5%)

105 (88.2%)
14 (11.8%)

0.049

Smoking status
Current
Former

40 (56.3%)
31 (43.7%)

74 (62.2%)
45 (37.8%)

0.426

Stage
IB–IIB
IIIA–IIIB
IIIC

18 (25.4%)
40 (56.3%)
13 (18.3%)

16 (13.4%)
77 (64.7%)
26 (22.0%)

0.116

Diagnostic MRI of the brain 53 (74.6%) 49 (41.2%) <0.001
Chemotherapy agent
Cisplatin and Etoposide
Carboplatin and Etoposide
Etoposide only or 
no chemotherapy

10 (14.1%)
56 (78.9%)

5 (7.0%)

54 (45.4%)
64 (53.8%)

1 (0.8%)

<0.001

Chemotherapy regimen
Concurrent
Sequential
No chemotherapy

62 (87.3%)
5 (7.0%)
4 (5.6%)

106 (89.1%)
12 (10.1%)

1 (0.8%)

0.113

Treatment period
Early (2012–2017)
Late (2018–2021)

19 (26.8%)
52 (73.2%)

89 (74.8%)
30 (25.2%)

<0.001

PCI: prophylactic cranial irradiation; ECOG PS: ECOG PS: Eastern Cooperative 
Oncology Group Performance Status; MRI: magnetic resonance imaging. 
P’s are calculated with Chi-square (χ2) test except * which is calculated with 
independent samples T-test. 
Significance reached if p < 0.05, this is maked in bold.
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treatment is still sparse [1, 27, 28]. However, a retrospective study 
of ED-SCLC found a survival benefit with a hazard ratio of 0.72 
(95% CI 0.58–0.88) for those receiving PCI after chemoimmuno-
therapy versus those only receiving chemoimmunotherapy [29]. 
The patients in  our study were treated before immunotherapy 
was introduced, but the role of PCI for future patients treated with 
immunotherapy is uncertain regarding toxicities and efficacy.

In conclusion, despite PCI being offered to patients with 
favorable prognostic factors, this analysis of 190 patients 
showed no significant improvement in OS or cumulative 
incidence of symptomatic brain metastases for patients treated 
with PCI at a single institution. In the modern era of more 
extensive diagnostic workup and with immunotherapy 
emerging, the role of PCI seems uncertain. The data provided in 
this study support this uncertainty.
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