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ABSTRACT

Introduction: In the phase 3 study involving the use of
durvalumab with or without tremelimumab in combination
with platinum-based chemotherapy in untreated extensive-
stage SCLC (CASPIAN study), first-line durvalumab plus
platinum-etoposide (EP) significantly improved overall
survival (OS) versus EP alone (p ¼ 0.0047). We report
exploratory subgroup analyses of treatment patterns and
outcomes according to the presence of baseline brain or
central nervous system metastases.

Methods: Patients (WHO performance status 0 or 1),
including those with asymptomatic or treated-and-stable
brain metastases, were randomized to four cycles of dur-
valumab plus EP followed by maintenance durvalumab until
progression or up to six cycles of EP and optional prophy-
lactic cranial irradiation. Prespecified analyses of OS and
progression-free survival (PFS) in subgroups with or
without brain metastases used unstratified-Cox proportional
hazards models. The data cutoff was on January 27, 2020.

Results: At baseline, 28 out of 268 patients (10.4%) in the
durvalumab plus EP arm and 27 out of 269 patients (10.0%)
in the EP arm had known brain metastases, of whom 3 of 28
(10.7%) and 4 of 27 (14.8%) had previous brain radio-
therapy, respectively. Durvalumab plus EP (versus EP alone)
prolonged OS (hazard ratio, 95% confidence interval) in
patients with (0.79, 0.44–1.41) or without (0.76, 0.62–0.92)
brain metastases, with similar PFS results (0.73, 0.42–1.29
and 0.80, 0.66–0.97, respectively). Among patients without
brain metastases, similar proportions in each arm developed
new brain lesions as part of their first progression (8.8%
and 9.5%), although 8.3% in the EP arm received prophy-
lactic cranial irradiation. Similar proportions in each arm
received subsequent brain radiotherapy (20.5% and 21.2%),
although more common in patients with than without
baseline brain metastases (45.5% and 18.0%).

Conclusions: The OS and PFS benefit with first-line dur-
valumab plus EP were maintained irrespective of the
presence of brain metastases, further supporting its
standard-of-care use.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND
Cite this article as: Chen Y, Paz-Ares L, Reinmuth N, et al. Impact of
brain metastases on treatment patterns and outcomes with first-line
durvalumab plus platinum-etoposide in extensive-stage SCLC
(CASPIAN): a brief report. JTO Clin Res Rep. 2022;3:100330.

ª 2022 The Authors. Published by Elsevier Inc. on behalf of the
International Association for the Study of Lung Cancer. This is an
license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
SCLC, characterized by aggressive tumor growth and

early widespread disease, comprises approximately 15%
of lung cancers.1–3 Approximately two-thirds of patients
are diagnosed with extensive-stage (ES) disease,1 which
has a particularly poor prognosis.3 However, after de-
cades of limited progress, immunotherapy targeting
programmed cell death ligand-1 (PD-L1) combined with
platinum-based chemotherapy has exhibited prolonged
overall survival (OS) in patients with ES-SCLC.4,5

Durvalumab is a selective, high-affinity human immu-
noglobulin G1 monoclonal antibody that blocks PD-L1
binding to programmed cell death protein-1 (PD-1) and
CD80.6 The phase 3 CASPIAN trial (NCT03043872) eval-
uated the first-line durvalumab, with or without the
anticytotoxic T lymphocyte-associated antigen-4 antibody
tremelimumab, combined with etoposide plus cisplatin or
carboplatin (EP), versus EP alone, in patients with ES-
SCLC. At the planned interim analysis (data cutoff:
March 11, 2019), first-line durvalumab plus EP, versus EP,
significantly improved OS (primary end point) with haz-
ard ratio (HR) of 0.73 (95% confidence interval [CI]:
0.59�0.91, p ¼ 0.0047).4 Accordingly, first-line durvalu-
mab plus EP has been approved globally for ES-SCLC.7,8

These findings were reinforced by updated analyses (at
2- and 3-y follow-up), exhibiting sustained OS benefit (2-y
follow-up: HR¼ 0.75, 95% CI: 0.62�0.91; median OS 12.9
versus 10.5 mo), observed across all subgroups,9,10

including patients with liver metastases (posthoc anal-
ysis) or any extent of baseline disease (i.e., thoracic-only or
any extrathoracic).9,11 Durvalumab plus tremelimumab
plus EP, versus EP, was not associated with statistically
significant improvement in OS (HR ¼ 0.82, 95% CI: 0.68–
1.00, p ¼ 0.0451).9

At diagnosis, approximately 20% of patients with
SCLC have brain metastases and up to 80% have central
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Table 1. Radiotherapy to the Brain Before, During, and After Study Treatment in Patients With or Without Brain Metastases
at Baseline

n (%)

Brain Metastases at Baseline No Brain Metastases at Baseline

Durvalumab þ EP
(n ¼ 28)

EP
(n ¼ 27)

Durvalumab þ EP
(n ¼ 240)

EP
(n ¼ 242)

Radiotherapy to brain before study 3 (10.7) 4 (14.8) 0 1 (0.4)a

Radiotherapy to brain concurrent
with study treatment

2 (7.1) 0 3 (1.3)b 0

Radiotherapy to brain subsequent
to study treatmentc

13 (46.4) 12 (44.4) 42 (17.5) 45 (18.6)

aIn one patient who received previous irradiation to the brain, his or her lesions were no longer present at baseline.
bExcludes two patients who received concomitant PCI (given over approximately a 2-week period in between durvalumab cycles) after completing EP therapy
(protocol deviations).
cExcludes patients who received optional PCI after chemotherapy in the EP arm (two patients with and 20 patients without brain metastases at baseline); no
patients in the durvalumab plus EP arm received subsequent PCI.
EP, etoposide and either cisplatin or carboplatin; PCI, prophylactic cranial irradiation.
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nervous system (CNS) involvement during the next 2
years.12,13 Whole-brain radiotherapy has historically
been the mainstay of treatment for brain metastases in
SCLC and other solid tumors but is associated with
neurocognitive toxicity.14 Understanding the outcomes
for patients with brain metastases receiving immuno-
therapy plus EP is of significant interest.

Here, we report the subgroup analyses of treatment
patterns and outcomes in the CASPIAN study according
to the presence or absence of baseline brain or CNS
metastases. An exploratory analysis of time to progres-
sion in the brain or CNS is also reported. The analyses
focus on patients treated with first-line durvalumab plus
EP, versus EP, omitting the tremelimumab arm because it
was not associated with significantly improved outcomes.
Materials and Methods
Patients and Study Design

CASPIAN is an open-label phase 3 study. The
design (Supplementary Fig. 1) has been reported.4,9

Treatment-naive patients with ES-SCLC having WHO
performance status (PS) 0 or 1 (eligibility criteria in
Supplementary Methods) were randomized 1-to-1-to-1
to durvalumab plus EP, durvalumab plus trem-
elimumab plus EP, or EP. Patients received less than
or equal to four cycles of durvalumab at a 1500-mg
dose (with or without tremelimumab 75 mg) plus EP
every 3 weeks, followed by maintenance durvalumab
every 4 weeks until progression, or less than or equal
to six cycles of EP every 3 weeks. EP-arm patients
could receive prophylactic cranial irradiation (PCI)
after chemotherapy per the investigator’s discretion
(PCI was not permitted in the immunotherapy groups
before discontinuation of all study treatments). Local
treatment of isolated lesions, excluding target lesions,
with palliative intent (e.g., by local surgery or radio-
therapy) was permitted during study treatment.
Tumor imaging by computed tomography (preferred)
or magnetic resonance imaging was done every
6 weeks for the first 12 weeks from randomization
and every 8 weeks thereafter until confirmed objective
disease progression. Patients with untreated-
asymptomatic or treated-and-stable brain metastases
were eligible. Brain metastases were deemed stable if
patients were off steroids and anticonvulsants at least
1 month before entry. Patients with leptomeningeal
disease were excluded. Brain imaging, per local prac-
tice, was suggested for suspected brain metastases but
not mandated at screening or during treatment.

Statistical Analysis
Efficacy was analyzed in the intention-to-treat (ITT)

population using the 2-year analysis (data cutoff, January
27, 2020). Safety analyses included all patients who
received at least one study dose. OS and investigator-
assessed progression-free survival (PFS) (Response
Evaluation Criteria in Solid Tumors version 1.1) were
estimated by the Kaplan-Meier method. Prespecified OS
and PFS analyses in patient subgroups with or without
baseline brain or CNS metastases were conducted using
unstratified-Cox proportional hazards models (only co-
variate, study treatment) to calculate HRs and 95% CIs
for between-arm differences. In the exploratory analysis
of all randomized patients, we assessed the time to dis-
ease progression (defined by Response Evaluation
Criteria in Solid Tumors) in the brain or brain radio-
therapy, whichever occurred first (described in
Supplementary Methods).

Results
Patients and Treatment

Overall, 805 patients were randomized, including 268
to durvalumab plus EP and 269 to EP, of whom 28
(10.4%) and 27 (10.0%) had known baseline brain or



Figure 1. OS in patients (A) with and (B) without brain metastases at baseline and overall PFS in patients (C) with and (D)
without brain metastases at baseline. CI, confidence interval; D, durvalumab; EP, etoposide and either cisplatin or carbo-
platin; HR, hazard ratio; NE, not evaluable; NR, not reached; OS, overall survival; PFS, progression-free survival.
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Figure 1. Continued

June 2022 Brief Report: CASPIAN Brain Metastases 5
CNS metastases, respectively. Among these patients,
three out of 28 (10.7%) and four out of 27 (14.8%) had
previous brain radiotherapy, respectively (Table 1), and
2 of 28 (7.1%) and 1 of 27 (3.7%) had previous brain
tumor resection, respectively (untreated patients were
presumed to be asymptomatic). Among patients with
brain metastases, there were some differences in base-
line characteristics between arms, as expected with
small patient numbers (Supplementary Table 1). In the
durvalumab plus EP arm, there was a higher percentage
of female patients and a lower percentage of patients
who were Asian or had PS of 1. In the EP arm, 8.3% had
PCI or brain radiotherapy after chemotherapy (2 of 27
Figure 2. Time to RECIST-defined disease progression in the bra
first. CI, confidence interval; D, durvalumab; EP, etoposide,
prophylactic cranial irradiation; RECIST, Response Evaluation C
[7.4%] with and 20 of 239 [8.4%] without baseline brain
metastases). Two patients in the durvalumab plus EP
arm received concomitant PCI after completing EP
therapy (protocol deviations).
Efficacy
Durvalumab plus EP, versus EP, prolonged OS in

patients with (HR ¼ 0.79, 95% CI: 0.44�1.41) or without
(HR ¼ 0.76, 95% CI: 0.62�0.92) baseline brain metas-
tases (Fig. 1 and Supplementary Fig. 2). PFS was also
prolonged with durvalumab plus EP, versus EP, in pa-
tients with (HR ¼ 0.73, 95% CI: 0.42�1.29) or without
in or brain radiotherapy (excluding PCI), whichever occurred
and either cisplatin or carboplatin; HR, hazard ratio; PCI,
riteria in Solid Tumors; RT, radiotherapy.



6 Chen et al JTO Clinical and Research Reports Vol. 3 No. 6
(HR ¼ 0.80, 95% CI: 0.66�0.97) brain metastases (Fig. 1
and Supplementary Fig. 2).

Among patients without baseline brain metastases,
similar proportions in each arm developed new brain
or CNS metastases as part of their first progression
(durvalumab plus EP: 21 of 240 [8.8%]; EP: 23 of 242
[9.5%]) (Supplementary Table 2), although 8.3% of
patients in the EP arm received PCI after chemo-
therapy. In the EP arm (all patients, N ¼ 269), the
proportion who developed new brain metastases as
part of their first progression was similar, regardless
of whether they had received PCI (2 of 22 [9.1%]) or
not (29 of 247 [11.7%]), albeit on the basis of a small
number who had received PCI.

In the exploratory analysis of all randomized pa-
tients, durvalumab plus EP, versus EP, prolonged the
time to disease progression in the brain or brain
radiotherapy, whichever occurred first (HR ¼ 0.69, 95%
CI: 0.50�0.95) (Fig. 2).

Radiotherapy and Subsequent Systemic Therapy
Use

Before study entry, overall, three patients in the
durvalumab plus EP arm and five in the EP arm received
brain radiotherapy (Table 1). No patients in the EP
arm received concurrent brain radiotherapy, whereas
five (1.9%) in the durvalumab plus EP arm received
brain radiotherapy during durvalumab maintenance
(Table 1). Overall, similar proportions in the durvalumab
plus EP and EP arms received brain radiotherapy
after study treatment (55 of 268 [20.5%] and 57 of
269 [21.2%]), although more common among patients
with baseline brain metastases versus those without
(25 of 55 [45.5%] and 87 of 482 [18.0%]) (Table 1).

Among patients with baseline brain metastases,
57.1% (16 of 28) in the durvalumab plus EP arm and
48.1% (13 of 27) in the EP arm received subsequent
systemic anticancer therapy. Among patients without
brain metastases, 44.6% (107 of 240) and 46.3% (112 of
242) received subsequent therapy.

Safety
Among patients with baseline brain metastases,

fewer in the durvalumab plus EP arm, versus EP arm,
experienced all-cause grade 3 or 4 adverse events (AEs)
(67.9% versus 85.2%) and serious AEs (28.6% versus
59.3%), whereas the safety profiles among patients
without brain metastases were generally similar across
arms (Supplementary Table 3). Overall, more patients in
the durvalumab plus EP arm reported immune-mediated
AEs irrespective of the presence of brain metastases;
however, most such events were low-grade and
endocrine-related.
Discussion
In the CASPIAN study, first-line durvalumab plus EP,

versus EP, significantly improved OS at the planned
interim analysis, which was sustained at updated ana-
lyses after 2- and 3-years follow-up.4,9,10 In the subgroup
analyses reported here, the OS and PFS benefit were
maintained with first-line durvalumab plus EP irre-
spective of the presence of baseline brain or CNS me-
tastases, consistent with the ITT analyses. It should be
noted that the 95% CI for the OS HR and PFS HR crossed
one for the subgroup with brain metastases, as may be
expected on the basis of the small sample size (n ¼ 55)
and resultant wide CI. Safety findings in each subgroup
were also consistent with the ITT results and the known
profiles of each agent. These results suggest that,
whereas for symptomatic brain metastases whole-brain
radiotherapy or stereotactic radiosurgery remain to be
standard,14 systemic treatments should be immediately
prioritized for patients with asymptomatic brain metas-
tases and that they need not be excluded from immuno-
oncology SCLC trials.

These findings, although based on small subgroups,
seem promising compared with separately reported an-
alyses for atezolizumab or pembrolizumab plus chemo-
therapy in this setting.5,15 In addition, they are consistent
with prospective, albeit limited, data from recent studies
of immune checkpoint inhibitors in patients with NSCLC
having brain metastases, and supported by preclinical
data challenging the notion that the brain is an immune-
privileged site.16–19 Furthermore, the 3-year OS data
from the CASPIAN study continue to exhibit similar
benefits with durvalumab plus EP in patients with or
without baseline brain metastases.10

There are, however, potential limitations of these
analyses, including the small subgroups, which preclude,
for example, an assessment of the effects of durvalumab
in the presence or absence of previous or concurrent
brain radiotherapy as there are too few patients who
received either. The proportion of patients with brain
metastases seems lower than that reported in a real-
world ES-SCLC setting,12,13 likely owing to the inclu-
sion criteria (e.g., enrollment of patients with WHO PS
0 or 1). Baseline computed tomography or magnetic
resonance imaging was not mandated (consistent with
current clinical practice guidelines20), so the number of
patients with asymptomatic brain metastases may have
been underestimated. PCI exclusion in the durvalumab
plus EP arm prevents assessment of its potential role
with immunotherapy. In addition, although PFS and OS
analyses were prespecified, the study was not powered
for subgroup comparisons.

Finally, an exploratory analysis of all patients
revealed that durvalumab plus EP prolonged the time to
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brain progression or radiotherapy, suggesting that this
combination may delay intracranial progression—a ma-
jor challenge in ES-SCLC treatment. However, this anal-
ysis must be interpreted carefully. Collection of brain
imaging was not mandated in the protocol and scan
collection was capped at progression (þ1 follow-up);
therefore, brain progression events may have been
missed, particularly any preceded by non-brain disease
progression.

Whereas exploratory subgroup analyses such as this
provide important insights, the value of immune check-
point inhibition remains to be formally documented in
patients with brain metastases from SCLC. Future pro-
spective trials evaluating the combination of immuno-
therapy and brain radiotherapy, or directly comparing
immunotherapy plus chemotherapy with radio-
therapeutic approaches, are needed to better understand
the potential role of immunotherapy and how it fits
alongside radiotherapy in the management of brain
metastases in ES-SCLC.

In conclusion, this exploratory analysis further sup-
ports the use of first-line durvalumab plus EP as the
standard of care for patients with ES-SCLC, irrespective
of whether patients have baseline brain metastases.
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