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Background: Concurrent chemotherapy and thoracic radiotherapy followed by prophylactic cranial irradiation (PCI) is
the standard treatment in limited-disease small-cell lung cancer (LD-SCLC), with 5-year overall survival (OS) of only
25% to 33%.
Patients and methods: STIMULI is a 1:1 randomised phase II trial aiming to demonstrate superiority of consolidation
combination immunotherapy versus observation after chemo-radiotherapy plus PCI (protocol amendment-1).
Consolidation immunotherapy consisted of four cycles of nivolumab [1 mg/kg, every three weeks (Q3W)] plus
ipilimumab (3 mg/kg, Q3W), followed by nivolumab monotherapy (240 mg, Q2W) for up to 12 months. Patient
recruitment closed prematurely due to slow accrual and the statistical analyses plan was updated to address
progression-free survival (PFS) as the only primary endpoint.
Results: Of the 222 patients enrolled, 153 were randomised (78: experimental; 75: observation). Among the
randomised patients, median age was 62 years, 60% males, 34%/65% current/former smokers, 31%/66%
performance status (PS) 0/1. Up to 25 May 2020 (median follow-up 22.4 months), 40 PFS events were observed in
the experimental arm, with median PFS 10.7 months [95% confidence interval (CI) 7.0-not estimable (NE)] versus 42
events and median 14.5 months (8.2-NE) in the observation, hazard ratio (HR) ¼ 1.02 (0.66-1.58), two-sided P ¼
0.93. With updated follow-up (03 June 2021; median: 35 months), median OS was not reached in the experimental
arm, while it was 32.1 months (26.1-NE) in observation, with HR ¼ 0.95 (0.59-1.52), P ¼ 0.82. In the experimental
arm, median time-to-treatment-discontinuation was only 1.7 months. CTCAE v4 grade �3 adverse events were
experienced by 62% of patients in the experimental and 25% in the observation arm, with 4 and 1 fatal, respectively.
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Conclusions: The STIMULI trial did not meet its primary endpoint of improving PFS with nivolumab-ipilimumab
consolidation after chemo-radiotherapy in LD-SCLC. A short period on active treatment related to toxicity and
treatment discontinuation likely affected the efficacy results.
Key words: nivolumab, ipilimumab, small-cell lung cancer, SCLC, limited disease, randomised clinical trial
INTRODUCTION

Immune-checkpoint inhibitors have proven to provide clin-
ical benefits in patients with small-cell lung cancer (SCLC). In
the extensive disease (ED) setting, the programmed death-
ligand 1 (PD-L1) inhibitors atezolizumab and durvalumab,
in combination with etoposide and platinum-based chemo-
therapy, improved survival in treatment-naive patients.1,2

Clinical activity was also observed in later line treatment
with pembrolizumab or nivolumab, with or without ipili-
mumab.3-5 In contrast, nivolumab with or without ipilimu-
mab as maintenance treatment after frontline chemotherapy
or as second-line treatment, did not demonstrate a clinical
benefit over established standards of care.6,7

At diagnosis, 30% of SCLC patients present with limited-
disease (LD), defined as stage I-IIIB (7th edition of the
IASLC TNM classification). Despite a curative-intent treat-
ment strategy, the outcome of LD-SCLC remains poor, with a
median survival of 16-24 months and only 25% to 33%
5-year survival.

Chemotherapy consisting of cisplatin or carboplatin plus
etoposide and thoracic radiotherapy remains the standard
treatment approach in LD-SCLC. Concurrent chemo-
radiotherapy is superior to sequential treatment and
thoracic irradiation starting with the first or second
chemotherapy cycle appears beneficial.8 Survival outcomes
did not significantly differ between lower dose, twice-daily
and high dose once-daily concurrent chemo-radiotherapy
and toxicity was similar to historical series with both regi-
mens.9 Availability and routine use of hyper-fractionated
radiotherapy, however, remains a matter of debate. Pro-
phylactic cranial irradiation (PCI) remains a standard of care
in LD-SCLC, allowing for a long-term survival improvement
of 5.4% at 3 years.10

CheckMate-032, a randomised open-label phase I/II trial,
tested in a 3:2 manner, four cycles of nivolumab mono-
therapy (3 mg/kg, every 2 weeks) versus four cycles of
nivolumab (1 mg/kg) plus ipilimumab (3 mg/kg) every
3 weeks, followed by nivolumab maintenance (3 mg/kg,
every 2 weeks). In the cohort of 147 pretreated patients
with ED-SCLC, a response rate of 21.9%, disease stabilisation
in 16.7% and overall survival (OS) of 4.7 months were
observed for the nivolumab plus ipilimumab combination,
compared to 11.6%, 17% and 5.7 months for nivolumab
monotherapy.11 Both treatment regimens were tolerable
and the safety profile comparable to nivolumab with or
without ipilimumab in other disease settings. These results
led to the design of CheckMate-451, examining nivolumab
plus ipilimumab consolidation therapy in ED-SCLC and
the randomised phase II STIMULI trial in LD-SCLC
(NCT02046733), which results are presented here.
https://doi.org/10.1016/j.annonc.2021.09.011
METHODS

Patients

Eligible patients were adults with stage I-IIIB histologically
or cytologically confirmed LD-SCLC, based on the 7th
tumour-node-metastasis (TNM) classification,12 an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) of 0 or 1 and adequate haematological, renal, lung and
pulmonary function. Baseline assessments consisted of
either whole-body fluorine-18 fluorodeoxyglucose positron
emission tomography (FDG-PET) with contrast-enhanced
computed tomography (CT) or contrast-enhanced CT of
thorax and upper abdomen and bone scan, brain imaging by
magnetic resonance imaging (MRI) or high-resolution CT
and a pulmonary function test. Prior anti-cancer systemic
therapy (except for one single chemotherapy cycle) and
thoracic radiotherapy was excluded. Post-enrolment, pa-
tients were eligible for randomisation only if they had
received (i) four cycles of chemotherapy, (ii) at least 85% of
the planning target volume (PTV) dose of thoracic radio-
therapy and PCI and (iii) were progression-free (as per
radiological tumour assessment).
Trial design and study oversight

STIMULI, an open-label, randomised, multicenter, phase II
trial, compared the efficacy of adding consolidation nivo-
lumab with ipilimumab to standard chemo-radiotherapy
and PCI, versus standard chemo-radiotherapy and PCI
alone, in patients with LD-SCLC.

The trial was activated in December 2013, initially with
only ipilimumab in the experimental arm. The low accrual
rate and reports showing significant clinical activity of
nivolumab with or without ipilimumab,13 led to a protocol
amendment (AM1; activated September 2015). The study
remained open to accrual until 30 April 2019, when an
external decision by the funding company was implemented
in agreement with the STIMULI steering committee to close
accrual due to a relatively high attrition rate between
enrolment and randomisation, an expected protracted
accrual duration for sample size completion, and emerging
data with nivolumab plus ipilimumab showing no statisti-
cally significant survival benefit in the maintenance setting
of first-line ED-SCLC.6 Patients already enrolled in the
chemo-radiotherapy phase meeting the criteria, were
allowed to be randomised. Reported results are based on all
patients randomised under AM1.

Interim safety data were reviewed by the European
Thoracic Oncology Platform (ETOP) independent data moni-
toring committee (IDMC) every 3 months.
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Treatment schedule

Patients received standard platinum chemotherapy (four
cycles cisplatin, 25 mg/m2 intravenously [i.v.] on days 1-3 or
75 mg/m2 on day 1 or carboplatin, AUC 5-6, as per Calvert
formula, i.v. on day 1), plus etoposide, 100 mg/m2 i.v. days
1-3, every 3 weeks. Concomitant thoracic radiotherapy (45
Gy in 30 twice-daily fractions of 1.5 Gy or 56 Gy in 28 once-
daily fractions of 2 Gy) could start either on day one of
chemotherapy cycle one or two (exceptionally of cycle
three, for patients enrolled after one chemotherapy cycle).
PCI (25 Gy in 10 fractions) was administered between days
8 and 15 of chemotherapy cycle four.

After completion of chemo-radiotherapy and PCI, pa-
tients who had not progressed were randomised to either
the experimental arm or to observation. Patients in the
experimental arm first received four cycles of induction
nivolumab (1 mg/kg i.v.) plus ipilimumab (3 mg/kg i.v.)
every 3 weeks, followed by nivolumab maintenance
(240 mg i.v. every 2 weeks) for a maximum of 12 months.

Randomisation and masking

Blocked stratified randomisation (1:1) with two stratifica-
tion factors, radiotherapy fractions per day (1 versus 2) and
FDG-PET-CT at baseline (done versus not) was used.

Endpoints and assessments

The primary endpoint was progression-free-survival (PFS),
locally assessed, defined as time from randomisation until
documented progression (PD) according to RECIST v1.1 or
death from any cause (whichever occurred first), in the
intention-to-treat population (ITT). Patients alive, without
PD were censored at the time of their last tumour assess-
ment. Secondary endpoints included, overall survival (OS;
time from randomisation to death from any cause), objec-
tive response rate (ORR) according to RECIST v1.1, time-to-
treatment failure (TTF; time from randomisation to
treatment failure for any reason) and safety. Safety profile
was assessed on the basis of the nature, frequency, and
severity of adverse events (AEs), according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0 (CTCAE v4.0). Exploratory endpoints
included time-to-treatment discontinuation (TTD; time from
randomisation to treatment discontinuation for any reason;
patients completing protocol treatment were censored) and
duration of response (DoR; time from documented objec-
tive response to PD or death from any cause).

Regular tumourassessments for all patientswere carried out
by CT-scan of the thorax and upper abdomen at baseline before
enrolment and before randomisation and then every 9 weeks
up to 18months follow-up, every 12weeks up to 2 years, every
26 weeks at years 3 and 4 and at week 260 at 5 years until
disease progression determined according to RECIST v1.1.

Statistical analysis

Under AM1, PFS and OS were co-primary endpoints tested
at an overall one-sided significance level alpha of 0.05, split
to 0.01 and 0.04, respectively. According to the latest design
Volume xxx - Issue xxx - 2021
modification due to the premature accrual termination, PFS
was defined as the only primary endpoint to be tested at
the one-sided significance level of 0.05. The aim remained
the same, i.e. to detect a hazard ratio (HR) of 0.57, trans-
lating to an improvement in median PFS from 13.1 months
in the observation arm to 22.8 months in the experimental
arm. A total of 81 PFS events were needed to provide 80%
power using a stratified log-rank test.

Balance of baseline characteristics between the two
treatment arms was tested by Fisher’s exact and Mann-
Whitney test. For the primary efficacy analysis, PFS was
compared between the two arms with the log-rank test,
stratified by the number of radiotherapy fractions per day
and FDG-PET-CT.

All time-to-event endpoints were estimated by the
Kaplan-Meier method and HRs with associated 95% confi-
dence intervals (CIs) were calculated with the use of strat-
ified Cox proportional-hazards models with Breslow’s
method of tie handling.14 The Cox models were adjusted for
clinicopathological variables: sex, smoking history, PS at
randomisation, stage, age, response to chemo-radiotherapy
before randomisation and the two stratification factors. The
backward elimination method, with removal criterion P �
10%, was applied for the selection of the statistically sig-
nificant predictors. The proportional hazards assumption
was tested, using the Schoenfeld residuals15 as well as the
interaction of treatment effect with time. In case of viola-
tion of the proportionality assumption, exploratory piece-
wise HRs and restricted mean survival time (RMST) at the
minimum of the longest observed survival time, were also
calculated.16,17 In order to explore the consistency of the
treatment effect in prespecified subgroups, preplanned PFS
analyses were carried out.

Analyses of secondary time-to-event efficacy endpoints
(OS, TTF, TTD, DoR) were analogous to PFS analysis. AEs
were analysed descriptively. No interim efficacy analysis
was planned, while a pre-planned early safety evaluation
was carried out 12 weeks after the first 30 patients had
been randomised to the experimental arm (raising no safety
concerns).

All statistical results were produced using SAS version 9.4
and all reported P values are two-sided.
Analysis population

All efficacy data were summarised and analysed in the ITT
cohort, which included all randomised patients under pro-
tocol AM1, evaluated in the treatment arm to which they
were randomly assigned, regardless of the treatment
actually received, including patients who were randomised
but did not receive any trial treatment. Safety was assessed
in the as treated (AT) cohort, including all patients who
have received at least one dose of protocol treatment as
well as all patients randomised to the observation arm
(under protocol AM1).

The trial was conducted in accordance with Good Clinical
Practice and the Declaration of Helsinki. The study protocol
was approved by the institutional review board at each
https://doi.org/10.1016/j.annonc.2021.09.011 3
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Attrition rate 35%Database cut-off
25 May 2020

Patients enrolled under AM1 N = 222

Patients randomized under AM1 N = 153
(145 enr. under AM1 + 8 enr. under original)

Nivolumab &
ipilimumab 

Observation

N = 78 N = 75

Allocation

Still on follow-up N = 51
2 withdrawal/LFU

Still on follow-up N = 48
2 withdrawal/LFU

Follow-up*

Completed treatment n = 8

On treatment n = 5
Treatment failures n = 65

Reason for treatment failure:
Toxicity n = 36

Progression n = 15
Patient decision n = 7

Investigator decision n = 4
Death n = 3

Completed “treatment visits” n = 33

On “treatment” n = 4
“Treatment failures” n = 44*

Reason for “treatment failure”:
Progression n = 35

Patient decision n = 1
Death n = 1
Other n = 1

Never initiated “treatment visits” n = 6
*6 “failures” occurred post-completion of

“treatment visits”

Treatment

N = 78 N = 75

ITT analysis

*Updated OS (database cut-off 03 June 2021):
Patients still on follow-up: nivolumab & ipilimumab: 41, observation: 36

Withdrawals/lost to follow-up (LFU): nivolumab & ipilimumab: 3, observation: 2

Figure 1. Trial design and flow chart. Note: Eight patients enrolled under the original protocol, reached the time for randomisation when the protocol amendment
(AM1) was already approved and implemented, and were analysed in the ITT population.
AM1, protocol amendment; ITT, intention-to-treat; LFU, lost to follow-up; OS, overall survival.
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participating centre. All the patients provided written
informed consent.

RESULTS

Patient characteristics

From December 2015 to April 2019, a total of 222 patients
were enrolled under protocol AM1. Baseline characteristics
for these patients are presented in Supplementary Table S1,
available at https://doi.org/10.1016/j.annonc.2021.09.011.
Among the enrolled patients, an attrition rate of 35% was
observed, with 77 patients not meeting the criteria for
randomisation at the end of the chemo-radiotherapy phase.
Detailed information on the corresponding reasons are
summarised in Supplementary Table S2, available at https://
doi.org/10.1016/j.annonc.2021.09.011. A total of 153 pa-
tients, (including 8 patients enrolled under the original
protocol who completed chemo-radiotherapy after AM1 was
activated), were randomised to the experimental arm (78
patients) and to observation (75 patients) (Figure 1).

Patient characteristics at randomisation were well
balanced between the two treatment arms (Table 1). Me-
dian age was 62 years, with the majority being male (60.1%),
of EGOG PS 1 (66.0%), almost all either former (65.4%) or
4 https://doi.org/10.1016/j.annonc.2021.09.011
current smokers (34.0%), and often with stage IIIB (7th edi-
tion of the IASLC TNM classification) disease (49.7%). Twice-
daily radiotherapy and FDG-PET-CT at baseline were each
administered in approximately one-third of patients (36.6%
and 33.3%, respectively). Among randomised patients,
objective response to chemo-radiotherapy was achieved in
94.8% (complete response (CR): N ¼ 20, 13.1%, partial
response (PR): N ¼ 125, 81.7%), with 4.5% reaching only
stable disease (SD).
Treatment

From the 153 randomised patients, 99 were still on study (51
in the experimental, 48 in the observation arm), at the data
cut-off date of 25 May 2020, with median follow-up of 22.4
[interquartile range (IQR): 13.2-35.5] months. In the experi-
mental arm, the median time from completion of radio-
therapy to initiation of nivolumab-ipilimumab treatment was
52.5 days (min-max: 28-86 days) for patients having received
once-daily radiotherapy (n ¼ 48) and 76 days (min-max: 42-
109 days) for patients with twice-daily radiotherapy (n¼ 30).
Median time from completion of PCI, the last treatment
before randomisation, until nivolumab-ipilimumab start was
22 days (min-max: 7-56 days).
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Table 1. Baseline characteristics by treatment arm and overall (ITT cohort)

Characteristic Nivo D Ipi (n [ 78) Observation (n [ 75) All patients (N [ 153) P value*

Age (years at enrolment)
Median (Min-Max) 61.1 (37.7-83.2) 61.9 (38.6-77.3) 61.5 (37.7-83.2) 0.13
Mean (95% CI) 60.3 (58.6-62.1) 62.6 (60.7-64.5) 61.4 (60.1-62.7)

Sex e n (%)
Male 50 (64.1) 42 (56.0) 92 (60.1) 0.33
Female 28 (35.9) 33 (44.0) 61 (39.9)

Smoking history e n (%)
Current 27 (34.6) 25 (33.3) 52 (34.0) 0.86
Former (�100 cigarettes in the past during the whole
life)

51 (65.4) 49 (65.3) 100 (65.4) >0.99a

Never (0-99 cigarettes during the whole life) d 1 (1.3) 1 (0.7)
ECOG performance status (at randomization) e n (%)b

0 25 (32.1) 23 (30.7) 48 (31.4) 0.70
1 50 (64.1) 51 (68.0) 101 (66.0) 0.86c

2 3 (3.8) 1 (1.3) 4 (2.6)
Stage e n (%)
IA d 2 (2.7) 2 (1.3) 0.57
IB 2 (2.6) 1 (1.3) 3 (2.0) 0.48d

IIA 3 (3.8) 5 (6.7) 8 (5.2) 0.81d,e

IIB 6 (7.7) 2 (2.7) 8 (5.2)
IIIA 26 (33.3) 27 (36.0) 53 (34.6)
IIIB 40 (51.3) 36 (48.0) 76 (49.7)
Missing 1 (1.3) 2 (2.7) 3 (2.0)

Response to CRT (before randomization) e n (%)
CR 9 (11.5) 11 (14.7) 20 (13.1) 0.77
PR 65 (83.3) 60 (80.0) 125 (81.7) 0.80f

SD 4 (5.2) 3 (4.0) 7 (4.5)
NE d 1 (1.3) 1 (0.7)

Stratification factors
Number of RT fractions per day e n (%)
1 48 (61.5) 49 (65.3) 97 (63.4) 0.74
2 30 (38.5) 26 (34.7) 56 (36.6)

PET-CT e n (%)
Done 25 (32.1) 26 (34.7) 51 (33.3) 0.74
Not done 53 (67.9) 49 (65.3) 102 (66.7)

The date of data cut-off was 25 May 2020.
CI, confidence interval; CR, complete response; CRT, chemotherapy-radiotherapy; ECOG, Eastern Cooperative Oncology Group; ITT, intention-to-treat; NE, not-evaluable; PET-CT,
positron emission tomography-computed tomography; PR, partial response; RT, radiotherapy; SD, stable disease.
a Category ‘Never’ excluded.
b Eastern Cooperative Oncology Group (ECOG) performance status scores range from 0 to 5, with higher scores reflecting greater disability.
c Category ‘2’ excluded.
d Category ‘Missing’ excluded.
e Categories ‘IA’ & ‘IB’, ‘IIA’ & ‘IIB’ and ‘IIIA’ & ‘IIIB’ combined.
f Category ‘NE’ excluded.
* Fisher’s exact test for categorical variables, Mann-Whitney U test for continuous variables.
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Median number of nivolumab and ipilimumab cycles
during induction phase was two, while 29 patients received
all induction treatment cycles according to protocol. In the
maintenance phase, 25 patients continued nivolumab with
a median of 13 cycles.

In the experimental arm, 65 patients discontinued
treatment, 36 (55%) due to toxicities. The most frequent AE
leading to discontinuation was pneumonitis, experienced by
10 out of 36 patients (Supplementary Table S3, available at
https://doi.org/10.1016/j.annonc.2021.09.011). Eight pa-
tients (10.3%) completed treatment as per the protocol and
five (6.4%) were still on treatment (Figure 1). Median time
to nivolumab and ipilimumab discontinuation was 1.7 (95%
CI: 1.2-2.5) months with 15.6% of patients still on treatment
by 12 months. In the observation arm, 33 patients
completed all visits according to the protocol, while 44
patients discontinued, in 80% this was due to PD.
Volume xxx - Issue xxx - 2021
Efficacy
Primary endpoint: Progression-free survival. At the time of
the data cut-off, 82 patients (53.6%) had PD or died [40
patients (51.3%) in the experimental arm and 42 patients
(56.0%) in the observation arm]. Median PFS was 10.7 [95%
CI: 7.0-not evaluable (NE)] months in the experimental and
14.5 (95% CI: 8.2-NE) months in the observation arm, a
non-significant difference (HR ¼ 1.02; 95% CI: 0.66-1.58;
stratified log-rank P ¼ 0.93; Figure 2A). At 12 months of
follow-up, PFS rate was 48.1% (95% CI: 36.1% to 59.0%) in
the experimental and 52.8% (95% CI: 40.9% to 63.5%) in the
observation arm, while at 24 months the trend was
reversed with PFS rates of 43.2% (30.9% to 55.0%) and
40.3% (28.3% to 51.9%), respectively. The proportionality
assumption was not violated (P ¼ 0.36). Nevertheless, dif-
ferences in PFS were also explored through RMST analysis,
not revealing statistically significant difference [RMST at the
https://doi.org/10.1016/j.annonc.2021.09.011 5
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Figure 2. Progression-free survival (ITT cohort). (A) Kaplan-Meier plot for PFS by treatment arm. (B) Exploration of treatment effect within levels of clinicopatho-
logical variables of interest. Note: Only HRs (95% CI) for subgroups with n � 10 and number of events �5 are presented.
CI, confidence interval; CRT, chemotherapy-radiotherapy; ECOG, Eastern Co-operative Oncology Group; HR, hazard ratio; ITT, intention-to-treat; m, months; NE, not
evaluable; NS, not significant; PET-CT, positron emission tomography-computed tomography; PFS, progression-free survival; PS, performance status; RT, radiotherapy.
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minimum of the longest observed survival time 0.49 (95%
CI: -6.4 to 7.4)]. In all subgroups, no PFS difference was
found between the two arms, while a significant
6 https://doi.org/10.1016/j.annonc.2021.09.011
differentiation of the treatment effect was observed for PS
and for radiotherapy (RT) schedule, with higher treatment
benefit for patients with PS 1 and patients who received
Volume xxx - Issue xxx - 2021
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two RT fractions per day (interaction P ¼ 0.022 and 0.096,
respectively) (Figure 2B).

Overall survival. OS was updated per 03 June 2021, with
median follow-up of 35.0 months (IQR: 25.5-48.1) and 77
patients still on follow-up. Median OS was not reached (NR)
(95% CI: 24.1 months -NE) in the experimental arm, while it
was 32.1 (95% CI: 26.1-NE) months in the observation arm.
In total 71 deaths (46.4%) were observed (34 in the exper-
imental and 37 in the observation arm). OS was not found to
be significantly longer in the experimental arm (HR ¼ 0.95;
95% CI: 0.59-1.52; stratified log-rank P ¼ 0.82; Figure 3A). OS
rate at 24 months was 62.9% (95% CI: 50.9% to 72.7%) and
66.4% (95% CI: 54.4% to 75.9%), in the experimental and
observation arms respectively. Due to the observed survival
crossing, non-proportionality was examined and not found
statistically significant by this follow-up time (P ¼ 0.070).
Piecewise HRs show a trend towards more benefit attributed
to the experimental arm [from HR¼ 1.60 (95% CI: 0.73-3.54)
at <12 months to HR ¼ 0.84 (95% CI: 0.39-1.81) for 12-24
months and HR ¼ 0.51 (95% CI: 0.19-1.40) at >24 months],
but RMST at the end of follow-up (minimum of the longest
observed survival time) is non-significant (1.57 months, 95%
CI: �1.57-8.9 months; P ¼ 0.67).

In the pre-planned subgroup analysis on the two strati-
fication factors, a differential OS benefit was detected be-
tween different RT schedules, with higher benefit of
nivolumab plus ipilimumab in patients receiving twice daily
RT (interaction P ¼ 0.010, Figure 3B; Supplementary
Figure S1A and B, available at https://doi.org/10.1016/j.
annonc.2021.09.011), while no such effect was observed
on the FDG-PET-CT categories. Exploratory analysis, showed
a differential effect based on PS (0 versus 1), with higher
apparent benefit in patients with PS 1 (interaction P <
0.001; Figure 3B; Supplementary Figure S2A and B, available
at https://doi.org/10.1016/j.annonc.2021.09.011).

When estimated from date of enrolment of all 230 pa-
tients (153 randomised and 77 not eligible for random-
isation), median OS becomes 34.6 (95% CI: 28.5-53.1)
months; with 38.7 (95% CI 32.0-NE) months for randomised
and 23.9 (95% CI: 17.0-34.5) months for non-randomised
patients (Supplementary Figure S3, available at https://
doi.org/10.1016/j.annonc.2021.09.011).

Objective response rate. Among the 153 randomised pa-
tients, 133 were assessable for OR with residual disease at
randomisation, since 20 patients had already achieved
complete response (CR) after chemo-radiotherapy (9 pa-
tients in the experimental and 11 in the observation arm,
Table 1). ORR in the experimental arm was 38% (95% CI:
26% to 50%; 26 patients), taking into account, tumour as-
sessments from randomisation until end of treatment, and
47% (95% CI: 34% to 60%; 30 patients) in the observation
arm, while median DoR was NR in both arms and 12-month
DoR of 63.0% (95% CI: 40.5-79.0%) and 73.2% (95% CI:
53.4% to 86.0%) in the observation and experimental arm
respectively (Supplementary Figure S4A, B and C, available
at https://doi.org/10.1016/j.annonc.2021.09.011). No sig-
nificant difference in ORR was observed between the two
Volume xxx - Issue xxx - 2021
arms (Supplementary Table S4, available at https://doi.
org/10.1016/j.annonc.2021.09.011). Additional details
including best relative tumour size change (waterfall plots)
and tumour size changes over time (spider plots) per arm
are summarised in Supplementary Figures S5A and B and
S6A and B, available at https://doi.org/10.1016/j.annonc.
2021.09.011. Taking into account also tumour assessments
after treatment discontinuation, ORR in the experimental
arm increased to 45% (95% CI: 33% to 57%) (Supplementary
Table S5, available at https://doi.org/10.1016/j.annonc.
2021.09.011, Supplementary Figure S7A and B, available
at https://doi.org/10.1016/j.annonc.2021.09.011).

Sites of progression. Thirty-four (85%) and 39 (93%)
recorded PFS events were documented progressions in the
experimental and observation arm, respectively. The ma-
jority involved metastases with appearance of new lesions:
31 (91%) in the experimental and 30 (77%) in the obser-
vation arm, while in 5 (15%) and 7 (18%) also locoregional
progression occurred (Supplementary Table S6, available at
https://doi.org/10.1016/j.annonc.2021.09.011).

Metastases in only one site were detected for 25 (81%)
and 21 (70%) patients and two sites in 5 (16%) and 8 (27%)
patients, in the experimental and observation arms,
respectively, while three metastatic sites were detected in
one (3%) patient per arm. Most frequent new metastatic
sites in both arms were liver [8 (26%); 8 (27%)], lymph-
nodes [7 (23%); 8 (27%)] and lung [5 (16%); 8 (27%)],
while brain progression was observed in three patients
(10%) per arm (Supplementary Table S7, available at
https://doi.org/10.1016/j.annonc.2021.09.011).

Safety

The safety cohort consists of all 153 randomised patients
(identical to ITT cohort), since all patients randomised to
the experimental arm received at least one dose of exper-
imental treatment. AEs of any grade, irrespective of relation
to treatment were experienced by 98.7% of patients in the
experimental arm and 86.7% in the observation arm, while
96.2% of patients in the experimental arm experienced at
least one treatment-related AE. The percentage of patients
with a grade �3 any-cause AE was 61.5% in the experi-
mental (51.3% patients in particular with treatment-related
AE) and 25.3% in the observation arm. Over half (55.1%) of
patients in the experimental arm had AEs resulting in
treatment discontinuation. Treatment-related deaths
occurred in four patients (5.1%) (ileus: 1, lung infection: 1
and pneumonitis: 2), while one patient (1.3%) died in the
observation arm (unspecified death). Most common AEs
were fatigue and anorexia, experienced by 38.6% and 24.2%
of patients (Table 2). The frequency of all (serious) AEs by
grade, arm and system organ class is presented in
Supplementary Table S8, available at https://doi.org/10.
1016/j.annonc.2021.09.011.

DISCUSSION

STIMULI aimed at evaluating the impact of dual immune-
checkpoint inhibition consolidation in LD-SCLC. The
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Figure 3. Overall survival (ITT cohort). (A) Kaplan-Meier plot for OS by treatment arm. (B) Exploration of treatment effect within levels of clinicopathological variables
of interest. Note: Only HRs (95% CI) for subgroups with n � 10 and number of events �5 are presented.
CI, confidence interval; CRT, chemotherapy-radiotherapy; ECOG, Eastern Co-operative Oncology Group; HR, hazard ratio; ITT, intention-to-treat; m, months; NE, not
evaluable; NR, not reached; NS, not significant; OS, overall survival; PET-CT, positron emission tomography-computed tomography; PS, performance status;
RT, radiotherapy.
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concept was developed based on the suggestion that the
ipilimumab-nivolumab combination, followed by nivolumab
maintenance might be an active treatment regimen for
SCLC.3,11 The trial enrolled treatment-naive patients inten-
ded for curative treatment consisting of concurrent chemo-
8 https://doi.org/10.1016/j.annonc.2021.09.011
radiotherapy and PCI. Randomisation was conditional on
completion of the standard multimodality treatment and
absence of evidence of PD. We hypothesised this minimal
residual disease setting to be the optimal scenario for
consolidation immunotherapy.
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Table 2. Safety information of the as-treated cohort

Nivo D Ipi (n [ 78) Observation (n [ 75)

Number of patients (%)

Any adverse event 77 (98.7) 65 (86.7)
Treatment related adverse events 75 (96.2) d
Adverse events of grade �3 48 (61.5) 19 (25.3)
Adverse events leading to treatment discontinuation 43 (55.1) d
Adverse events leading to death 4a (5.1) 1b (1.3)

AEs occurring in ‡15% of the patients in either arm All grades Grade ‡3 All grades Grade ‡3

Fatigue 38 (48.7) 7 (9.0) 21 (28.0) d
Anorexia 25 (32.1) 5 (6.4) 12 (16.0) d
Diarrhoea 22 (28.2) 7 (9.0) 6 (8.0) d
Vomiting 21(26.9) 1 (1.3) 5 (6.7) d
Pneumonitis 22 (28.2) 7 (9.0) 4 (5.3) 1 (1.3)
Nausea 19 (24.4) 2 (2.6) 6 (8.0) d
Cough 20 (25.6) d 5 (6.7) d
Hyperthyroidism 22 (28.2) 2 (2.6) 1 (1.3) 1 (1.3)
Anaemia 7 (9.0) 1 (1.3) 13 (17.3) 1 (1.3)
Dyspnoea 13 (16.7) 1 (1.3) 6 (8.0) 1 (1.3)
Pruritus 19 (24.4) 1 (1.3) d d
Constipation 15 (19.2) 1 (1.3) 3 (4.0) d
Hypothyroidism 13 (16.7) d d d

The date of data cut-off was 25 May 2020.
Multiple occurrences of the same adverse event in one patient were counted only once at the highest grade for the preferred term. The adverse events were graded according to
the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0.
a Ileus (1), lung infection (1), pneumonitis (2).
b Death (not otherwise specified).
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STIMULI accrual was behind schedule, prompting the
Steering Committee to close recruitment after 222 patients.
The slow accrual was attributed to a lower than expected
prevalence of LD-SCLC, accentuated by more accurate
radiological staging methods, including FDG-PET-CT and
brain MRI. In addition the strict randomisation criteria led
to an unexpectedly high proportion of registered patients
that were not amenable for the intended full curative
treatment strategy, leading to an attrition rate of 35%. The
STIMULI trial did not meet its primary endpoint of
improving PFS with nivolumab-ipilimumab consolidation
after standard chemo-radiotherapy, in LD-SCLC.

The short period on active treatment, with a median time
to nivolumab and ipilimumab discontinuation of 1.7 months
has certainly affected the efficacy. Similar observations
were made in the Checkmate-451 trial, with ipilimumab-
nivolumab maintenance at the same schedule, where only
a median of two treatment cycles could be delivered.6 In
the CASPIAN trial that tested a tremelimumab-durvalumab-
chemotherapy combination, only 60% of patients could
receive the planned five doses of tremelimumab and me-
dian cycle number of durvalumab was also lower than in the
durvalumab-chemotherapy arm. In 21% of patients AEs led
to treatment discontinuation.18

Alternative schedules of nivolumab-ipilimumab combi-
nations, used in non-small-cell lung cancer (NSCLC), led to
better tolerability. The CheckMate-012 phase I trial evalu-
ated nivolumab-ipilimumab combination at different doses
and schedules and established the regimen with 3 mg/kg
nivolumab every 2 weeks plus 1 mg/kg ipilimumab every 6
weeks as most tolerable and suitable for final phase II/III
development in NSCLC, leading to new registered evidence-
based treatment options.19-21
Volume xxx - Issue xxx - 2021
Taking into account the significant limitations in drug
exposure, the updated analysis of the STIMULI trial at longer
follow-up with a median of 35 months, failed to demonstrate
a significant late effect of immunotherapy consolidation on
survival. Median OS was not reached (95% CI: 24.1-NE) in the
experimental arm, while it was 32.1 (95% CI: 26.1-NE)
months in the observation arm. Most probably, even longer
follow-up will not lead to statistical significance in OS.

When we defined the radiotherapy in the STIMULI trial,
neither the CONVERT9 nor the Cancer and Leukaemia Group
B (CALGB) 30 610 (Alliance)/Radiation Therapy Oncology
Group (RTOG) 053822 results were available. In STIMULI we
allowed the 56 Gy dose, once daily, as it was still used in
many centres that were reluctant to deliver the new stan-
dard schedule of 45 Gy twice daily.9 The protocol explicitly
recommended the 45 Gy twice daily, however, over the 56
Gy once daily schedule.

Our finding of a differential OS benefit between the RT
schedules, with statistically significant benefit for the
nivolumab-ipilimumab combination in patients on a twice-
daily RT schedule, underlines the need to further investi-
gate the optimal RT schedule for the combination with
immunotherapy, in order to promote potential synergi-
stic effects.23 Alternatively, the statistically significant
treatment effect on OS found for the twice daily schedule
could be an effect of other confounding factors, such as
treatment strategy of individual institutions or socioeco-
nomic differences. PS was not found to be a confounding
factor, since exploratory analyses did neither show an as-
sociation of PS with RT dosing nor a three-way interaction in
the multivariable Cox model (data not shown).

Translational analysis on tumour and plasma samples
from trials establishing immune-checkpoint inhibition in
https://doi.org/10.1016/j.annonc.2021.09.011 9
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ED-SCLC failed to define any predictive biomarker.1,2 While
PD-L1 expression did not correlate with outcome across all
available datasets, higher tissue tumour mutational burden
(TMB) correlated with improved outcomes under
nivolumab-ipilimumab and to a lesser extent nivolumab
monotherapy in the pooled data of the non-randomised
and randomised cohorts of CheckMate-032.24 Exploratory
translational work in STIMULI is ongoing to identify
biomarker-defined subgroups that could benefit from
immune-checkpoint consolidation treatment.

While two studies have shown modest but significant
efficacy of first-line platinum-etoposide combined with anti-
PD-L1 therapy, followed by a median of three maintenance
immunotherapy cycles in patients with ED-SCLC, the focus
now turns to patients with LD-SCLC. The concept of
consolidation immune-checkpoint inhibition after chemo-
radiotherapy is investigated in a phase III trial of durvalu-
mab with or without tremelimumab (NCT03703297) as
well as in a randomised phase II trial of atezolizumab
(NCT03540420). Another randomised phase II trial is eval-
uating chemo-radiotherapy combined with atezolizumab
followed by maintenance atezolizumab compared to stan-
dard of care (NCT03811002). In all these trials, the feasibility
of immune-checkpoint inhibition consolidation has been
proven to be safe.

New immunological treatment paradigms are needed in
SCLC. In the future, such clinical attempts will hopefully rely
on strong translational research data obtained from current
trials, reflecting the unique biology and natural history of
SCLC and offer acceptable tolerability in these fragile and
comorbid patients.
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APPENDIX
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STIMULI Steering Committee: Rolf Stahel, Solange Peters,
Dirk De Ruysscher, Jean-Louis Pujol, Cécile Le Pechoux,
Sanjay Popat, Martin Reck, Manuel Dómine, Paul Mitchell,
Urania Dafni, Anita Hiltbrunner, Heidi Roschitzki-Voser,
Barbara Ruepp.

European Thoracic Oncology Platform Coordinating Office,
Bern, Switzerland: Anita Hiltbrunner, Mariana Pardo-
Contreras, Adriana Gasca-Ruchti, Nino Giacomelli, Rosita
Kammler, Nesa Marti, Rita Pfister, Anne-Christine Piguet,
Heidi Roschitzki-Voser, Susanne Roux, Barbara Ruepp, Sandra
Troesch, Mirjam Schneider, Robin Schweri, Isabel Zigomo.

European Thoracic Oncology Platform Statistical Office,
Frontier Science Foundation-Hellas, Athens, Greece: Urania
Dafni, Zoi Tsourti, Panagiota Zygoura, Sofia Tsouprou, Marie
Kassapian, Katerina Vervita, Georgia Dimopoulou, Chara
Andriakopoulou.

STIMULI participating groups

French Cooperative Thoracic Intergroup (IFCT): Franck
Morin, Elodie Amour, Gaëlle Mariaule, Nathalie Archirel
Spanish Lung Cancer Group (SLGC): Maria Fernandez, Eva
Pereira, Laura Benito, Kenia Lopez, Anna Hernández
Australasian Lung Cancer Trial Group (ALTG)/NHMRC
Clinical Trial Center, University of Sydney (NMHRC CTC):
Sarah Chinchen, Hannora Jurkovic, Ann Livingstone, Jenna
Mitchell, Mariya Walker.

STIMULI participating centers

Australia (under the ALTG umbrella)
Austin Hospital (VIC), Melbourne, Principal Investigator:
Paul Mitchell
Bendigo Hospital (VIC), Bendigo, Principal Investigator: Say Ng
Border Medical Oncology Research Unit (NSW), Albury,
Principal Investigator: Christopher Steer
Coffs Harbour Health Campus (NSW), Coffs Harbour, Prin-
cipal Investigator: Karen Briscoe
Epworth HealthCare Richmond (VIC), Richmond, Principal
Investigator: Ayesha Saqib
The Tweed Hospital (NSW), Lismore, Principal Investigator:
Ehtesham Abdi
Port Macquarie Base Hospital (NSW), Port Macquarie,
Principal Investigator: Baerin Houghton
Princess Alexandra Hospital (QLD), Woolloongabba (Bris-
bane), Principal Investigator: Kenneth O’Byrne
Riverina Cancer Centre (NSW), Wagga Wagga, Principal
Investigator: Bala Renuka Chittajallu
Royal Brisbane and Women’s Hospital (QLD), Herston
(Brisbane), Principal Investigator: Brett Gordon Hughes
Royal Hobart Hospital (TAS), Hobart, Principal Investigator:
Allison Black

Belgium
University Hospital Leuven, Leuven, Principal Investigator:
Kristiaan Nackaerts

France (under the IFCT umbrella)
Avignon e Institut Sainte-Catherine, Avignon, Principal
Investigator: Hilgers Werner
Caen e Centre François Baclesse, Caen, Principal Investi-
gator: Radj Gervais
Caen e CHU, Caen, Principal Investigator: Gérard Zalcman
Clamart e Percy/Armées, Clamart, Principal Investigator:
Fabien Vaylet
Clermont-Ferrand, Clermont, Principal Investigator: Patrick
Merle
Créteil e CHI, Créteil, Principal Investigator: Isabelle
Monnet
Grenoble e CHU, Grenoble, Principal Investigator: Denis
Moro-Sibilot
Le Mans e CHG, Le Mans, Principal Investigator: Olivier
Molinier
Lyon e Hôpital Louis Pradel, Lyon, Principal Investigator:
Nicolas Girard
Lyon e Sud, Lyon, Principal Investigator: Pierre-Jean
Souquet
Marseille e AP-HM, Marseille, Principal Investigator: Fab-
rice Barlesi
Montpellier e CHU, Montpellier, Principal Investigator:
Jean-Louis Pujol
Mulhouse e CH, Mulhouse, Principal Investigator: Didier
Debieuvre
Nantes e CRLCC, Nantes, Principal Investigator: Hélène
Senellart
Nice e CRLCC, Nice, Principal Investigator: Michel Poudenx
Orléans e CH, Orléans, Principal Investigator: Adrien Dixmier
Paris e Bichat, Paris, Principal Investigator: Gérard Zalcman
Paris e Saint-Louis, Paris, Principal Investigator: Damien
Pouessel
Paris e Tenon, Paris, Principal Investigator: Jacques
Cadranel
Rennes e CHU, Rennes, Principal Investigator: Hervé Lena
Strasbourg e Nouvel Hôpital Civil, Strasbourg, Principal
Investigator: Elisabeth Quoix
Suresnes e Foch, Suresnes, Principal Investigator: Sylvie
Friard
Toulon e CHI, Toulon, Principal Investigator: Clarisse Audi-
gier-Valette
Toulouse e CHU, Toulouse, Principal Investigator: Julien
Mazieres
Tours e CHU, Tours, Principal Investigator: Eric Pichon
Villejuif e Gustave Roussy, Villejuif, Principal Investigator:
Cécile Le Péchoux

Germany
Klinikum Esslingen, Esslingen, Principal Investigator: Martin
Faehling
Klinikum München-Bogenhausen, Munich, Principal Inves-
tigator: Konrad Kokowski
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Krankenhaus der Barmherzigen Brüder, Trier, Principal
Investigator: Heinz Kirchen
LungenClinic Grosshansdorf GmbH, Grosshansdorf, Prin-
cipal Investigator: Martin Reck
Pius-Hospital Oldenburg, Oldenburg, Principal Investigator:
Frank Griesinger
Thoracic Oncology Centre Munich, Munich, Principal
Investigator: Amanda Tufman
Universitätsklinikum Tübingen, Tübingen, Principal Investi-
gator: Chiara De-Colle

The Netherlands
MAASTRO Clinic, Maastricht, Principal Investigator: Dirk de
Ruysscher
VUMC Amsterdam, Amsterdam, Principal Investigator: Joop
de Langen

Spain (under the SLCG umbrella)
Clinico San Carlos, Madrid, Principal Investigator: Jose Luis
González Larriba
Hospital Clínico Universitario De Valencia, Valencia, Prin-
cipal Investigator: Amelia Insa
Hospital De La Santa Creu I Sant Pau, Barcelona, Principal
Investigator: Margarita Majem
Hospital General Universitario Alicante, Alicante, Principal
Investigator: Bartomeu Massutí

Hospital Puerta de Hierro, Madrid, Principal Investigator:
Mariano Provencio Pulla
Hospital Universitario 12 Octubre, Madrid, Principal
Investigator: Santiago Ponce Aix
Hospital Universitario Central De Asturias, Oviedo, Prin-
cipal Investigator: Noemi Villanueva
Hospital Universitario Cruces, Barakaldo, Principal Investi-
gator: Guillermo López Vivanco
Hospital Universitario Fundacion Jimenez Díaz, Madrid,
Principal Investigator: Manuel Dómine
Hospital Virgen De La Salud, Toledo, Principal Investigator:
Jesús Andrade

Switzerland
Centre Hospitalier Universitaire Vaudois, Lausanne, Prin-
cipal Investigator: Solange Peters
University Hospital Zurich, Zurich, Principal Investigator:
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Royal Marsden, London, Principal Investigator: Sanjay
Popat
St James’ University Hospital, Leeds, Principal Investigator:
Kevin Franks
The Christie NHS Foundation Trust, Manchester, Principal
Investigator: Raffaele Califano

S. Peters et al. Annals of Oncology

Volume xxx - Issue xxx - 2021 https://doi.org/10.1016/j.annonc.2021.09.011 13

https://doi.org/10.1016/j.annonc.2021.09.011
https://doi.org/10.1016/j.annonc.2021.09.011

	Consolidation nivolumab and ipilimumab versus observation in limited-disease small-cell lung cancer after chemo-radiotherap ...
	Introduction
	Methods
	Patients
	Trial design and study oversight
	Treatment schedule
	Randomisation and masking
	Endpoints and assessments
	Statistical analysis
	Analysis population

	Results
	Patient characteristics
	Treatment
	Efficacy
	Primary endpoint: Progression-free survival
	Overall survival
	Objective response rate
	Sites of progression

	Safety

	Discussion
	Acknowledgements
	Funding
	Disclosure
	References
	Appendix
	ETOP/IFCT 4-12 STIMULI Collaborators
	STIMULI participating groups
	STIMULI participating centers



