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Summary

Background Patients with small cell lung cancer (SCLC) have historically been characterised by poor overall survival
(OS) and high risk for brain metastasis (BM), but large-scale real-world evidence on clinical presentation and
treatment in this population is lacking. Our aim was to describe the clinical characteristics and outcomes of
patients with SCLC and BM in Ontario, Canada.

Methods This population-based, retrospective cohort study included all patients in Ontario, Canada, who were
diagnosed with SCLC between April 1, 2010, and March 31, 2018. Data were analysed between June 2, 2022, and
December 20, 2023. Patients with second cancer diagnosis were excluded. Patients were identified and data
retrieved from the Institute for Clinical Evaluative Sciences (ICES) databases. Kaplan-Meier and multivariable Cox
regression analyses were performed to compare OS between patient cohorts stratified by disease stage, BM
diagnosis, and intracranial treatment modality. Propensity score-matching based on age, disease stage, time to
BM, and receipt of chemotherapy was performed to compare OS between intracranial treatment modalities.

Findings 8705 patients were included (male: 4433, female: 4272). Median age at diagnosis was 68 years (interquartile
range, IQR, 61-75). Median OS of all patients was 7.46 months (95% confidence interval, CI, 7.23-7.69). 32%
(n = 2686) of patients developed BM (synchronous, 43.7%; asynchronous, 56.3%) with median OS of 9.76 months
(95% CI, 9.36-10.22). 102 (4%), 1654 (62%), and 930 (35%) patients received stereotactic radiosurgery (SRS), whole
brain radiation therapy (WBRT), or no treatment, respectively, for their BM in the first-line setting or after
prophylactic cranial irradiation (PCI). In propensity score-matched analyses, OS from time of BM diagnosis was
non-inferior between SRS- and WBRT-treated cohorts among patients who did not receive PCI (hazard ratio, HR,
0.68, 95% CI, 0.44-1.06, p = 0.091, n = 86) and in favour of SRS for those who received PCI prior to BM
development (HR, 0.47, 95% CI, 0.31-0.72, p = 0.0042, n = 112).

Interpretation OS for patients with SCLC remains poor, and many patients present with BM. With careful selection,
patients with SCLC and BM may benefit from SRS treatment. Future research should incorporate information on
burden of intracranial disease and novel immunotherapies.
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Research in context

Evidence before this study

We searched PubMed for peer-reviewed studies from database
inception until June 2, 2022 using search terms related to
“small cell lung cancer”, “brain metastasis”, and
“management”. A total of 826 studies were retrieved of
which 39 focused on brain metastasis (BM) in small cell lung
cancer (SCLC). Eleven were cohort studies examining the
epidemiology of BM, but examination of treatment for BM
were limited to only four studies, none of which directly
compared stereotactic radiosurgery (SRS) with whole brain
radiation therapy (WBRT).

Added value of this study

To our knowledge, this the largest study exploring the
epidemiology and management of BM in SCLC, providing
insight into the current presentation and management of BM
in patients with SCLC. In propensity score-matched analyses,

Introduction

Small cell lung cancer (SCLC) accounts for approxi-
mately 15% of lung cancers. The historically poor
prognosis of patients with SCLC can be partly attributed
to its propensity to metastasize, with 60-70% of patients
manifesting metastatic disease through the course of
their disease.! Further, patients with SCLC are at high
risk for the development of brain metastasis (BM).
Retrospective clinical and autopsy studies have shown
that among patients with SCLC, as many as 40-60%
develop BM during the course of their disease.”

SCLC has traditionally been classified into limited
and extensive stage, based on the area of disease that can
be encompassed within a single radiation field at the
time of diagnosis. The majority of patients present with
extensive stage disease.' Survival for these patients has
been improving but remains poor.* Only 21% and 7% of
patients with limited and extensive stage, respectively,
are expected to survive beyond two years.” Development
of BM has also been found to significantly reduce sur-
vival in patients with SCLC to a median of 4-6
months.” In response to this finding, patients with
limited and sometimes extensive stage disease and good
response to systemic treatment typically receive pro-
phylactic cranial irradiation (PCI) to reduce the inci-
dence of BM and improve survival.'”'" Management of
BM in SCLC further diverges from other primary solid
cancers through the use of whole brain radiation ther-
apy (WBRT) as first-line treatment rather than stereo-
tactic radiosurgery (SRS), given the concern of rapid
intracranial progression, limited access to routine MRI
for follow-up, and lack of prospective data.’? The ne-
cessity of PCI and WBRT in patients with SCLC has
recently been called into question.'* "

Despite the development of BM being a common
endpoint in patients with SCLC, limited large-scale

0S from time of BM diagnosis was non-inferior between SRS-
and WBRT-treated cohorts among patients who did not
receive PCl and in favour of SRS for those who received PC
prior to BM development.

Implications of all the available evidence

OS in patients with SCLC remains poor. Few patients receive
SRS for treatment of their BM either in the first-line or salvage
setting. Our findings indicate that there may be a subcohort
of patients with SCLC and BM who can achieve equitable
survival outcomes following SRS compared with WBRT when
used as first-line therapy or in the salvage setting following
PCl. Given the retrospective nature of this study, prospective
trials are needed to evaluate the effect of BM burden and
systemic disease status on survival following treatment with
SRS or WBRT.

studies exist describing the epidemiology and treat-
ment of BM in SCLC in the first-line and salvage setting.
We therefore performed a retrospective study to assess
the current state of disease burden and management of
patients with SCLC and BM in Ontario, Canada, and to
compare survival outcomes associated with brain-
directed treatment modalities.

Methods

Study design and population

This retrospective cohort study included adult patients
(age >18 years) in Ontario, Canada, with biopsy-
confirmed diagnosis of SCLC, who were diagnosed be-
tween April 1, 2010, and March 31, 2018, with follow-up
through to March 31, 2020. Patients with a second
cancer diagnosis or those with missing date of cancer
diagnosis were excluded. There were no restrictions on
disease stage.

Data sources

Eligible patients were identified through the Institute
for Clinical Evaluative Sciences (ICES) database. ICES is
an independent, non-profit research institute whose
legal status under Ontario’s health information privacy
law allows it to collect and analyse health care and de-
mographic data, without consent, for health system
evaluation and improvement. Ten datasets were used in
this study: Cancer Activity Level Reporting (ALR), Yearly
Health Services Contact (CONTACT), Discharge Ab-
stract Database (DAD), Ontario Dementia Database
(DEMENTIA), Symptom Management Database
(ESAS), National Ambulatory Care Reporting System
(NACRS), New Drug Funding Program (NDFP),
Ontario Cancer Registry (OCR), Ontario Drug Benefits
Claims (ODB), and Ontario Health Insurance Plan
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Claims Benefits (OHIP), Vital Statistics-Death (ORGD),
Registered Persons Database (RPDB), and Same Day
Surgery Database (SDS). The data was stored securely
and confidentially as per ICES protocol. Data were
linked using unique encoded identifiers and analysed at
ICES. No members of the research team had access to
the re-identifying key. Upon study completion, access to
data was terminated. The use of data in this cohort study
was permitted without individual consent as per section
45 of Ontario’s Personal Health Information Protection
Act (PHIPA), which does not require review by a
research ethics board. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines for cohort
studies.

Outcomes
Overall survival (OS) was measured from the time of
SCLC diagnosis and time of BM diagnosis until death.

Classification of variables
Disease stage was identified using OCR records
matching the pathological or clinical stage group of
patients. Records of AJCC stage I, II, or III were clas-
sified as corresponding to limited disease whereas AJCC
stage IV was classified as extensive disease. BM were
identified in the ALR and DAD datasets with the In-
ternational Classification of Diseases (ICD)-10 code
C79.3 (“secondary malignant neoplasm of brain and
cerebral meninges”) or through diagnosis of BM at the
time of primary cancer diagnosis in OCR. Synchronous
BM were defined as diagnosis of BM within six weeks of
primary cancer diagnosis or BM at the time of primary
cancer diagnosis in OCR. Data on receipt of brain im-
aging were merged from OHIP, DAD, and NACRS and
identified based on CCI and OHIP fee codes. Brain
imaging at the time of diagnosis was defined as imaging
received within 6 weeks of SCLC diagnosis date. Given
the retrospective nature of this study, we had insuffi-
cient information on ECOG scoring. As noted in
Table 1, the majority of patients (n = 7469) had missing
ECOG category, which would prohibit us from
including these patients in multivariable analysis
models. Information on ACG comorbidity index, how-
ever, was available in the ICES databases and we
therefore elected to use the ACG comorbidity index in
this study. The Johns Hopkins ACG® System Version
10 was used to collapse patient diagnoses from the
preceding 2 years of health service utilization into
appropriate  ACG® System Aggregated Diagnosis
Groups (ADGs) as a measure of comorbidity and cate-
gorized as follows: low comorbidity (0-5 ADGs), mod-
erate comorbidity (6-9 ADGs), and high comorbidity
(>10 ADGs).'¢

Receipt of chemotherapy was identified through ALR
and NDFP chemotherapy administration dates. A cut-
off of 63 days (9 weeks) between consecutive
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treatment dates was used to define the beginning of a
new treatment line rather than breaks between treat-
ment cycles. Intracranial radiation was defined based on
ALR body region codes corresponding to intracranial
regions and NHPIP codes corresponding to WBRT and
SRS. PCI was defined as 1) WBRT administered to pa-
tients who received chemotherapy; 2) receipt of WBRT
after completion of chemotherapy; 3) absence of syn-
chronous disease; 4) receipt of WBRT at least one
month prior to BM diagnosis in those with asynchro-
nous BM; and 5) either WBRT dosage between 2.49 and
2.52 Gy per fraction or receipt of WBRT within 16 weeks
of chemotherapy completion. Salvage radiation therapy
was defined based on a time difference of more than 31
days between the first day of radiation therapy admin-
istration and subsequent administration dates.

Statistical analysis

Between-group comparisons were made using the chi-
square test for categorical variables and the Wilcoxon
rank-sum test for continuous variables. Kaplan Meier
methods were used to analyse time-to-event data. Cox-
proportional hazard regression models were used to
assess differences between Kaplan-Meier survival
curves. Post-hoc subgroup analyses were performed on
patients who received chemotherapy to consider only
patients who were functionally well enough to receive
intensive therapy. Multivariable Cox proportional haz-
ards regression analyses were performed adjusting for
variables significant in univariable analysis. Patient de-
mographic factors (sex, age at diagnosis, year of diag-
nosis, ADG comorbidity score), disease stage, and
treatment factors (receipt of chemotherapy, receipt of
PCI) were assessed. Patients with missing data on any
of these variables were omitted from the multivariable
regression models. In the overall cohort, PCI was
treated as a time-dependent covariate.” Cumulative
incidence curves for incidence of BM were estimated
using the competing risk method, and Gray test was
used to determine significance between cumulative
incidence curves.""” PCI was not included in the cu-
mulative incidence model, as cumulative incidence
functions cannot be interpreted for time-varying risk
factors.”

To prevent confounding of post-index events, ana-
lyses in the context of BM development and treatment
were re-indexed to time of BM diagnosis. To analyse the
effects of intracranial radiation treatment modality, OS
analyses were performed separately on cohorts of pa-
tients with confirmed BM diagnosis who did or did not
receive PCI and stratified by intracranial treatment
modality (SRS vs WBRT vs no treatment). Next, differ-
ences in OS between SRS and WBRT-treated patients
were assessed on a propensity score-matched dataset to
reduce bias due to confounding variables
(Supplementary Methods). We also performed a second
propensity score-matched analysis using only age,
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Characteristic Total, ED, LD, Missing, p-value
n = 8705 n = 5664 n = 2572 n = 469
Sex 0.0024
F 4272 (49%) 2633 (46%) 1419 (55%) 220 (47%)
M 4433 (51%) 3031 (54%) 1153 (45%) 249 (53%)
Age at SCLC diagnosis (years) 68.00 (61.00, 75.00) 68.00 (61.00, 75.00)  68.00 (61.00, 75.00) 70.00 (63.00, 77.00) 0.0080
Diagnosis year 0.0001
Before 2011 2919 (34%) 1737 (31%) 894 (35%) 288 (61%)
After 2011 5786 (66%) 3927 (69%) 1678 (65%) 181 (39%)
TNM stage 0.0001
I 319 (3.9%) 0 (0%) 319 (12%) 0 (0%)
Il 248 (3.0%) 0 (0%) 248 (9.5%) 0 (0%)
Il 2044 (25%) 0 (0%) 2044 (78%) 0 (0%)
v 5625 (68%) 5625 (100%) 0 (0%) 0 (0%)
Unknown 469 0 0 469
ACG comorbidity categorization 0.0045
Low 2010 (23%) 1413 (25%) 507 (20%) 90 (19%)
Moderate 3419 (39%) 2239 (40%) 1004 (39%) 176 (38%)
High 3276 (38%) 2012 (36%) 1061 (41%) 203 (43%)
ECOG PS
0 198 (16%) SC SC SC
1 564 (46%) SC SC SC
2 299 (24%) sC sC sC
3 159 (13%) SC SC SC
>4 16 (1%) sC sC sC
Unknown 7469 4903 2119 447
Time to first brain imaging (days) 12.00 (3.00, 28.00) 9.00 (2.00, 24.00) 17.00 (6.00, 34.50) 19.00 (5.50, 41.50) 0.0078
Unknown 766 555 113 98
Imaging modality at first brain imaging 0.0067
T 6116 (77%) 4020 (79%) 1782 (72%) 314 (85%)
MRI 1823 (23%) 1089 (21%) 677 (28%) 57 (15%)
Unknown 766 555 113 98
Brain imaging at diagnosis <0.0001
No 1277 (16%) 686 (13%) 498 (20%) 93 (25%)
Yes 6662 (84%) 4423 (87%) 1961 (80%) 278 (75%)
Unknown 766 555 113 98
Median time between follow-up 100.00 (64.00, 157.50)  90.50 (57.00, 137.00)  122.00 (79.00, 195.00)  110.00 (70.00, 199.00)  <0.0001
brain imaging (days)
Unknown 3512 2630 631 251
Number of follow-up brain images  2.00 (1.00, 4.00) 2.00 (1.00, 3.00) 3.00 (2.00, 5.00) 2.00 (1.00, 3.50) 0.0049
Unknown 766 555 113 98
Receipt of chemotherapy <0.0001
No 3153 (36%) 2262 (40%) 602 (23%) 289 (62%)
Yes 5552 (64%) 3402 (60%) 1970 (77%) 180 (38%)
Receipt of PCl <0.0001
No 6947 (80%) 4909 (87%) 1622 (63%) 416 (89%)
Yes 1758 (20%) 755 (13%) 950 (37%) 53 (11%)
BM diagnosis <0.0001
Asynchronous 1511 (17%) 869 (15%) 578 (22%) 64 (14%)
Synchronous 1175 (13%) 1152 (20%) 0 (0%) 23 (4.9%)
No record of BM diagnosis 6019 (69%) 3643 (64%) 1994 (78%) 382 (81%)
Age at BM diagnosis (years) 66.00 (60.00, 73.00) 66.00 (60.00, 73.00)  66.00 (59.00, 73.00) 68.00 (62.00, 72.00) 0.70
NA 6019 3643 1994 382
Time to BM diagnosis (months) 5.62 (1.08, 12.78) 2.76 (0.72, 8.51) 13.27 (6.59, 30.03) 4.80 (0.82, 14.19) <0.0001
Values are displayed as median (IQR) or n (%). Between-group comparisons were made using the chi-square test for categorical variables and the Wilcoxon rank-sum test for
continuous variables. SC: values between 1 and 5, or complementary values that can be used to back-calculate small cells, redacted according to administrative privacy
regulations due to re-identification risk. BM, brain metastasis; CT, computed tomography; ECOG PS, Eastern Cooperative Oncology Group performance status; ED, extensive
stage disease; LD, limited stage disease; MRI, magnetic resonance imaging; NA, not applicable; TNM, tumor, nodes, metastasis; SC, small cell; SCLC, small cell lung cancer.
Table 1: Baseline characteristics of the overall cohort at the time of primary cancer diagnosis stratified by disease stage.
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disease stage, and receipt of chemotherapy to calculate
propensity scores in order to avoid confounding of pre-
indexing events (i.e. time to diagnosis of BM). Patients
with missing time to diagnosis of BM or disease stage
were excluded in this analysis. Small cells, i.e. values
between 1 and 5 or complementary values that could be
used to back-calculate small cells, were redacted ac-
cording to administrative privacy regulations due to re-
identification risk. Analyses were performed using R
versions 3.1.2 and 3.6.1 (R Core Team, Vienna, Austria,
2014 & 2019). All hypothesis tests were 2-sided and an «
of 0.05 was considered statistically significant. Analyses
were performed between June 2, 2022 and December
20, 2023.

Role of the funding source

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors. It is a requirement at ICES that only the
individual who is performing the analysis can access the
data directly. All outputs were reviewed by KKWC and
AWE. The analytic plan was reviewed by four authors
(KG, AE, KKWC, and SD).

Results

A total of 8705 patients met inclusion criteria (Fig. 1).
Median age at the time of SCLC diagnosis was 68 years
(interquartile range, IQR, 61-75). Most patients had
extensive disease at the time of diagnosis (n = 5664,
64.6%). 63.8% (n = 5552) of patients received chemo-
therapy and 20.2% (n = 1758) of patients received PCI
(Table 1). Median time to intracranial imaging following
SCLC diagnosis was 12 days (IQR 3-28). 6662 (76.5%)
patients received intracranial imaging at the time of
diagnosis. Magnetic resonance imaging (MRI) was
more commonly used as first intracranial imaging mo-
dality among patients who were diagnosed after 2011,
compared with computed tomography (CT) imaging
(Table S1). Median follow-up was 28.81 months (IQR
13.77-59.80).

Predictors of survival

Median OS from SCLC diagnosis was 7.46 months
(95% CI, 7.23-7.69), with 6, 12, and 18-month survival
rates of 56.3%, 32.5%, and 20.4%. Survival was longer
for females (8.31 vs 6.80 months, p < 0.0001), patients
younger than 65 years at the time of diagnosis (9.43 vs
6.14 months, p < 0.0001), patients with limited disease
(15.18 vs 5.26 months, p < 0.0001), patients with mod-
erate ACG comorbidity index (8.08 vs 7.00 months,
p < 0.0001) and those who received chemotherapy
(10.64 vs 1.58 months, p < 0.0001) or PCI (8.94 vs 7.16
months, p < 0.0001). These factors were independently
associated with OS in multivariable analysis with the
exception of PCI, which was no longer significant. Year
of diagnosis and ACG comorbidity index did not
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Individuals with biopsy-
confirmed primary SCLC
diagnosed between April 1, 2010
and March 31, 2018
n=10350

No prior malignancy
n=8758

\ 4
OHIP-eligible 6 months prior to
index date
n=8720

v
Ontario resident
n=8717

Valid death date
n=8705

Included
n=8705

Fig. 1: Study cohort. OHIP, Ontario Health Insurance Plan; SCLC, small
cell lung cancer.

influence survival (Table 2). These results were similar
in a subgroup analysis of patients who received
chemotherapy (Supplementary Materials, page 3;
Tables S2 and S3).

Development of brain metastasis

2686 (30%) patients developed BM during the course of
their disease. 1175 (13%) patients presented with syn-
chronous and 1511 (17%) with asynchronous intracra-
nial disease (Table 3). BM were more common amongst


http://www.thelancet.com

Articles

>65 years 5511 5284
Year of diagnosis

Before 2011 2919 2825

After 2011 5786 5420
Disease stage

6.14 (95% Cl, 5.78-6.54)

7.33 (95% Cl, 7-7.75)
7.49 (95% Cl, 7.23-7.75)

Variable No. No. Median 0S Univariable analysis HR Multivariable analysis HR
total events
Sex
Female 4272 4011 8.31 (95% Cl, 7.98-8.74) 119 (95% Cl, 1.14-1.25), p < 0.0001 1.1 (95% ClI, 1.07-1.17), p < 0.0001
Male 4433 4234 6.80 (95% Cl, 6.47-7.06)
Age
<65 years 3194 2961 9.43 (95% Cl, 9.07-9.86) 0.75 (95% Cl, 0.72-0.79), p < 0.0001  0.82 (95% Cl, 0.78-0.86), p < 0.0001

1.04 (95% Cl, 0.99-1.08), p = 0.77 NS

LD 2572 2238 15.18 (95% Cl, 14.29-15.87) 037 (95% Cl, 0.36-0.39), p < 0.0001  0.39 (95% Cl, 0.36-0.40), p < 0.0001
ED 5664 5558 5.26 (95% Cl, 4.9-5.55)

ACG comorbidity index
Low 2010 1907 7.29 (95% Cl, 6.87-7.82) 0.99 (95% Cl, 0.94-1.05), p = 1.2 NS
Moderate 3419 3225 8.08 (95% Cl, 7.72-8.48) 0.92 (95% Cl, 0.88-0.97), p < 0.0001  0.92 (95% Cl, 0.87-0.97), p < 0.0001
High 3276 3113 7.00 (95% Cl, 6.54-7.29) Ref. Ref.

Receipt of chemotherapy
Yes 5552 5151 10.64 (95% Cl, 10.32-10.91) 036 (95% Cl, 0.34-0.38), p < 0.0001  0.35 (95% Cl, 0.33-0.37), p < 0.0001
No 3153 3094 1.58 (95% Cl, 1.48-1.74)

Receipt of PCl
Yes 1758 1541 8.94 (95% Cl, 1.12-22.47) 0.67 (95% Cl, 0.63-0.71), p < 0.0001  1.05 (95% Cl, 0.98-1.11), p = 0.47
No 6947 6704 7.16 (95% Cl, 7.00-7.33)

Multivariable Cox proportional hazards regression analyzes were performed adjusting for variables significant in univariable analysis. 95% CI, 95% confidence interval; ACG,
Adjusted Clinical Groups; HR, hazard ratio; NS, not significant; OS, overall survival; PCl, prophylactic cranial irradiation.

Table 2: Univariable and multivariable analysis of overall survival in all patients with complete data on covariates (n = 8236).

patients with extensive disease (n = 2021, 36%),
compared to patients with limited disease (n =578, 22%,
p < 0.0001). Median time to BM diagnosis was 9.82
months (95% CI, 6.34-15.85) in patients who had
asynchronous disease. Cumulative incidence of BM at
12 months for the overall cohort was 24.17% (95% CI,
23.27-47.68; Figure S1).

Median OS following development of BM was 95%
CI, 2.40 months (95% CI, 2.23-2.60). Median survival
from time of BM diagnosis was longer for patients with
synchronous disease (3.29 months; 95% CI, 2.89-3.75),
compared to those who had asynchronous disease (1.97
months; 95% CI, 1.84-2.17; HR, 0.79; 95% CI,
0.73-0.85; p < 0.0001).

Treatment of brain metastasis among patients who
did not receive prophylactic cranial irradiation

There were 2225 patients who did not receive PCI and
had or developed BM. 1175 (53%) of these presented
with BM at the time of diagnosis while 1050 (47%) pa-
tients developed BM asynchronously at a median time
of 8.05 months (IQR 5.20-12.12) following SCLC diag-
nosis. Median OS following BM diagnosis was 2.50
months (95% CI, 2.33-2.69). In this group, first-line
treatment consisted of SRS (n = 45, 2%) or WBRT
(n = 1527, 67%); 653 patients (29%) had no record of
intracranial radiation. Baseline difference between these

cohorts existed in terms of age, cancer stage, diagnosis
year, receipt of chemotherapy, presence of synchronous
disease, and time to BM diagnosis (Table S4). Median
OS from time of SCLC diagnosis was 18.56 months
(95% CI, 11.73-24.64), 9.17 months (95% CI,
8.87-9.50), and 5.72 months (95% CI, 4.76-6.47) in
patients who received SRS, WBRT, or no treatment for
their BM, respectively. In unadjusted analysis, median
OS from time of BM diagnosis was comparable between
patients who received SRS (4.73 months, 95% CI,
2.66-9.43) or WBRT (3.55 months, 95% CI, 3.29-3.84;
HR, 0.74, 95% CI, 0.54-1.01, p = 0.054) and in favour of
SRS compared with those who received no treatment
(0.85 months, 95% CI, 0.76-1.02; HR, 0.34, 95% CI,
0.25-0.47, p < 0.0001; Fig. 2). These findings remained
unchanged after multivariable adjustment (SRS vs
WBRT, HR 0.83, 95% CI, 0.61-1.14, p = 0.25, Table S5).
In multivariable subgroup analyses of patients with
synchronous or asynchronous disease only, survival
differences between SRS and WBRT were non-
significant (Supplementary Materials, page 3).
Propensity score matching in this cohort revealed 43
patients who received SRS and 43 patients who received
WBRT and were well-balanced in terms of cancer stage,
age, time to BM, and receipt of chemotherapy
(Table S6). Considering these matched cohorts, median
OS from SCLC diagnosis was comparable between the
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Characteristic Overall, Asynchronous, Synchronous, No record of p-value
n = 8705 n = 1511 n = 1175 BM diagnosis,
N = 6019
Sex 0.13
F 4272 (49%) 772 (51%) 555 (47%) 2945 (49%)
M 4433 (51%) 739 (49%) 620 (53%) 3074 (51%)
Age at SCLC diagnosis (years) 68.00 (61.00, 75.00) 65.00 (58.00, 71.00) 66.00 (60.00, 72.00)  69.00 (62.00, 76.00) 0.0072
Diagnosis year 0.0048
Before 2011 2919 (34%) 564 (37%) 270 (23%) 2085 (35%)
After 2011 5786 (66%) 947 (63%) 905 (77%) 3934 (65%)
ACG comorbidity categorization <0.0001
Low 2010 (23%) 364 (24%) 381 (32%) 1265 (21%)
Moderate 3419 (39%) 620 (41%) 453 (39%) 2346 (39%)
High 3276 (38%) 527 (35%) 341 (29%) 2408 (40%)
SCLC stage <0.0001
LD 2572 (31%) 578 (40%) 0 (0%) 1994 (35%)
ED 5664 (69%) 869 (60%) 1152 (100%) 3643 (65%)
Unknown 469 64 23 382
TNM stage <0.0001
| 319 (3.9%) 55 (4%) 0 264 (5%)
Il 248 (3.0%) 50 (3%) 0 198 (3%)
I 2044 (25%) 512 (35%) 0 1532 (27%)
v 5625 (68%) 830 (58%) 1152 3643 (65%)
Unknown 469 64 23 382
ECOG PS 0.0072
0 198 (16%) 59 (21%) 27 (14%) 112 (15%)
1 564 (46%) 139 (50%) 81 (43%) 344 (45%)
2 299 (24%) 57 (20%) 44 (23%) 198 (26%)
3 159 (13%) 23 (8.2%) 33 (18%) 103 (13%)
>4 16 (1%) sC sc sc
Unknown 7469 1232 987 5250
Imaging modality at first brain imaging 0.0080
T 6116 (77%) 1078 (72%) 927 (79%) 4111 (78%)
MRI 1823 (23%) 427 (28%) 243 (21%) 1153 (22%)
Unknown 766 SC SC SC
Brain imaging at diagnosis 0.0067
No 1277 (16%) 324 (22%) 78 (6.7%) 875 (17%)
Yes 6662 (84%) 1181 (78%) 1092 (93%) 4389 (83%)
Unknown 766 SC SC SC
Receipt of chemotherapy <0.0001
Yes 5552 (64%) 1285 (85%) 697 (59%) 3570 (59%)
No 3153 (36%) 226 (15%) 478 (41%) 2449 (41%)
Receipt of PCl <0.0001
Yes 1758 (20%) 461 (31%) 0 (0%) 1297 (22%)
No 6792 (78%) 923 (61%) 1175 (100%) 4694 (78%)

Age at BM diagnosis (years) 66.00 (60.00, 73.00) 66.00 (59.00, 73.00) 66.00 (60.00, 73.00) NA 0.60
Time to BM diagnosis (months) 5.62 (1.08, 12.78) 9.82 (6.34, 15.85) 0.39 (0.00, 1.05) NA <0.0001
Values are displayed as median (IQR) or n (%). Between-group comparisons were made using the chi-square test for categorical variables and the Wilcoxon rank-sum test for
continuous variables. SC: values between 1 and 5, or complementary values that can be used to back-calculate small cells, redacted according to administrative privacy
regulations due to re-identification risk. BM, brain metastasis; CT, computed tomography; ECOG PS, Eastern Cooperative Oncology Group performance status; ED, extensive
stage disease; LD, limited stage disease; MRI, magnetic resonance imaging; NA, not applicable; TNM, tumor, nodes, metastasis; SC, small cell; SCLC, small cell lung cancer.

Table 3: Baseline characteristics of the overall cohort by development of brain metastasis.

two treatment modalities (SRS: 18.00 months, 95% CI,  time of BM diagnosis was also not statistically different
11.73-24.60; WBRT: 12.60 months, 95% CI, 8.81-17.70; (SRS: 4.73 months, 95% CI, 2.53-9.43; WBRT: 3.42
HR, 0.66, 95% CI, 0.42-1.03, p = 0.98). Median OS from months, 95% CI, 2.10-5.26; HR, 0.68, 95% CI,
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Fig. 2: Median overall survival from time of brain metastasis diagnosis among patients who did not receive prophylactic cranial irradiation
stratified by intracranial treatment modality for total (panel A) and propensity score-matched (panel B) cohorts. Kaplan-Meier methods were
used to analyse overall survival in months from time of brain metastasis diagnosis. Cox-proportional hazard regression models were used to
assess differences between Kaplan-Meier survival curves. SC: values between 1 and 5, or complementary values that can be used to back-
calculate small cells, redacted according to administrative privacy regulations due to re-identification risk. OS, overall survival; PCl, prophy-
lactic cranial irradiation; SC, small cell; SRS, stereotactic radiosurgery; WBRT, whole brain radiation therapy.

0.44-1.06, p = 0.091; Fig. 2). Findings of a sensitivity
analysis of propensity scores that did not include time to
BM diagnosis can be found in the supplement.

Treatment of brain metastasis among patients who
received prophylactic cranial irradiation
461 patients who received PCI developed BM (Table S8).
Salvage therapy consisted of WBRT (n = 127, 28%), SRS
(n =57, 12%), and no treatment (n = 227, 49%), with
median OS from time of SCLC diagnosis of 22.40
months (95% CI, 20.50-24.10), 24.90 months (95% CI,
23.20-28.70), and 15.60 months (95% CI, 14.50-17.70),
respectively. Median OS from BM diagnosis was 5.19
months (95% CI, 3.02-8.12), 2.20 (95% CI, 1.84-3.22),
and 1.58 months (95% CI, 1.31-1.97) for patients who
received SRS, WBRT, or no treatment for their BM,
respectively. In univariable analysis, survival was in
favour of SRS over WBRT (HR, 0.65, 95% CI, 0.47-0.89,
p = 0.0070) and no treatment (HR, 0.61, 95% CI,
0.46-0.82, p < 0.0001). This remained unchanged in
multivariate analysis (SRS vs WBRT: HR, 0.64, 95% CI,
0.46-0.88, p = 0.0060; SRS vs no treatment: HR, 0.61,
95% CI, 0.45-0.82, p = 0.0010; Table S9; Fig. 3).
Propensity score matching for time to BM, age, and
disease stage identified 112 well-balanced patients
treated with SRS (n = 56) and WBRT (n = 56, Table S10).
Median OS from time of SCLC diagnosis was 25.0
months (95% CI, 23.9-28.80) for patients who received
SRS and 23.50 months (95% CI, 22.4-26.6; HR, 0.77,
95% CI, 0.53-1.13, p = 0.19) for patients who received
WBRT. Survival from time of BM diagnosis in the

matched cohort was longer in patients who received
salvage SRS (5.19 months, 95% CI, 3.02-8.71)
compared to patients who received salvage WBRT (2.33
months, 95% CI, 1.48-3.78; HR, 0.47, 95% CI,
0.31-0.72, p = 0.0042; Fig. 3). The findings remained
unchanged in a sensitivity analysis of propensity scores
that did not include time to BM (Supplementary
Materials, page 3; Table S11, Figure S2).

Discussion

In this large database study of 8705 patients diagnosed
with SCLC within the modern era (2010-2018), survival
outcomes continue to be poor. Male sex, increasing age,
extensive disease at time of diagnosis, and absence of
chemotherapy were associated with poor survival. 30%
of patients had detected BM over their disease course,
with 13% of all patients presenting with BM at the time
of diagnosis. Only a minority of patients received SRS
for treatment of BM either in the first-line or salvage
setting with encouraging survival comparable to those
achieved with WBRT. This finding was unchanged in
subgroup analyses of patients who presented with syn-
chronous or asynchronous BM.

Prior studies demonstrating non-inferior survival
outcomes following SRS compared with WBRT, even in
the light of inferior intracranial control, and superior
outcomes for cognition and quality-of-life, have estab-
lished SRS as the preferred first-line treatment for BM
arising from most solid tumors.”” In our cohort, SRS
was associated with longer survival compared with
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Fig. 3: Median overall survival from time of brain metastasis diagnosis among patients who received prophylactic cranial irradiation stratified by
intracranial treatment modality for total (panel A) and propensity score-matched (panel B) cohorts. Kaplan-Meier methods were used to analyse
overall survival in months from time of brain metastasis diagnosis. Cox-proportional hazard regression models were used to assess differences
between Kaplan-Meier survival curves. SC: values between 1 and 5, or complementary values that can be used to back-calculate small cells,
redacted according to administrative privacy regulations due to re-identification risk. OS, overall survival; PCl, prophylactic cranial irradiation; SC,
small cell; SRS, stereotactic radiosurgery; WBRT, whole brain radiation therapy.

patients who received WBRT in propensity score-
matched analyses of patients who received first-line
treatment for their BM without prior PCIL. This
finding is in line with other recently published data
suggesting that survival outcomes following SRS in
patients with SCLC may be analogous to those for pa-
tients with BM from other solid cancer types.” As ra-
diation oncologists consider factors such as
performance status, cognitive function, extent of extra-
cranial disease and BM burden (i.e. number of BM)
when making treatment decisions, patients with
favourable prognosis and limited intracranial disease
were likely selected to receive SRS in this cohort.”? Un-
der this assumption, our findings indicate that patients
with limited intracranial disease can be treated safely
with SRS and may achieve comparable survival. This
finding should prompt a careful reassessment of current
decision-making algorithms to identify patients who
may potentially be spared from the neurocognitive
sequelae of WBRT. There is a possibility for change in
practice should the prospective trials that are currently
underway for evaluating SRS in comparison with WBRT
and evolving WBRT techniques (NCT03297788,
NCT04804644, NCT04804644) continue to reflect this
survival trend.

Development of BM following PCI is a common
occurrence.” However, retrospective data on the use of
salvage radiation therapy in this setting are limited."”
Our analysis showed survival outcomes in favour of
SRS over WBRT. This finding may be due to the fact
that salvage WBRT following PCI is low-dose and may

www.thelancet.com Vol 77 November, 2024

not be as effective in patients previously exposed to PCI.
Prior exposure to PCI may also lead to radioresistance to
subsequent radiation therapy. SRS as a high-dose focal
ablative treatment may overcome these two barriers and
induce effective local control.” Furthermore, compound
effects of repeat WBRT may compromise survival
compared with SRS, which is associated with better
neurocognitive and performance status outcomes.*

The high incidence rate of synchronous BM in our
cohort parallels findings from the American Surveil-
lance, Epidemiology, and End Results (SEER) database,
according to which 15.5% of patients with SCLC had
BM at the time of diagnosis.” A further 15% of patients
in our study developed BM during the course of their
disease. Our data also show provincial adherence to
screening recommendations for BM, with over 90% of
patients receiving either CT or MRI at the time of
diagnosis and regular three-monthly follow-up imag-
ing.>>”” These incidence rates exceed those reported in
patients with non-small cell lung cancer, where there
has been debate around the use of routine screening for
BM.?* Routine screening can lead to detection of BM at
an earlier time point, identifying patients when their
intracranial disease may be more amenable to SRS.
Surveillance may also impact systemic treatment ap-
proaches, particularly if practitioners are considering
the use of PCI.

Paradoxically, we found that patients with asynchro-
nous BM lived longer than patients who never had a
recorded diagnosis of BM. One possibility is that pa-
tients who developed intracranial disease later in their
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disease course may have had better response to
chemotherapy or favourable tumor characteristics. In
this sub-cohort, later development of BM could be a
result of prolonged life expectancy and time for BM
development, rather than the aggressive nature of the
disease. Development of BM has historically been
considered a negative prognostic factor for survival.**
Our data suggests that there may be a divergence be-
tween patients with BM and stable or progressive
extracranial disease.’**' Characterization of this cohort
of patients with stable disease could have clinical im-
plications for monitoring and treatment intensification,
which could lead to improved survival outcomes for
some patients with SCLC.

Despite advances in systemic treatment, our results
mirror findings from studies published over a decade
ago, which reported median survival estimates at 12-17
months and 5-10 months for patients with limited and
extensive stage disease, respectively.’* First-line treat-
ment for limited stage SCLC, consisting of cisplatin and
etoposide with concurrent radiotherapy and followed by
PCI, has remained unchanged since its inception in the
mid-1980s.** Recently, the addition of PD-L1 inhibitors
to chemotherapy has become standard of care in pa-
tients with extensive stage disease after trials showing
that addition of PD-L1 inhibitors improved OS in these
patients.’** An exploratory analysis of the CASPIAN
study even suggests that addition of immunotherapies
may prolong time to BM and intracranial radiation.*
However, research in this area remains limited, due to
the aggressive natural history of SCLC and rapid initi-
ation of treatment following diagnosis. Better under-
standing of molecular characteristics of SCLC are
needed to further advance systemic and intracranial
treatment in this patient population.”* The recently
created Collaborative Canadian SCLC (CASCADE)
database may help clarify the impact of treatment
approach in the management of patients with SCLC
through real-world clinical evidence.”

Our study has several limitations. First, given its
retrospective nature, we were unable to collect infor-
mation on potentially confounding variables, including
race, tobacco use, extent of intracranial disease, number
of BM, performance status, treatment-related toxicities,
treatment response, or receipt of salvage therapy. We
also did not investigate the role of WBRT type, systemic
radiation therapy, chemotherapy, or surgery on OS or
intracranial or extracranial disease progression due to
limited data access. Second, there may selection bias
contributing influencing the decision making for
administration of SRS vs WBRT. we were unable to
analyse or predict reasons for administration or
forgoing of certain types of therapy. Third, patients with
very aggressive disease may not have lived long enough
to receive intracranial imaging or treatment for BM,
skewing BM incidence estimates and estimation of
treatment efficacy. Lastly, addition of newly approved

immunotherapies after accrual of our cohort for sys-
temic SCLC treatment may impact the clinical response
to intracranial treatment limiting the generalisability of
our results.

In summary, our study finds poor survival outcomes
in patients with SCLC with little improvement
compared to prior estimates. The incidence of BM in
this population remains high. Treatment of BM with
SRS was associated with longer survival compared with
treatment with WBRT. This finding indicates the pres-
ence of a sub-cohort of patients with SCLC with BM who
can show prolonged survival even in the presence of
intracranial disease. Future research efforts should
characterize this patient cohort to offer maximally
effective therapy for patients with SCLC.
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