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Abstract

Background Patients with small-cell lung cancer (SCLC) have a dismal prognosis with limited overall survival (OS) despite
a high response rate to chemotherapy. Recently, immune checkpoint inhibitors, combined with chemotherapy, as the first-line
treatment for extensive-stage (ES)-SCLC have shown improvement in clinical outcomes.

Patients and methods Real-world data from 68 Korean ES-SCLC patients, treated with atezolizumab, etoposide, and car-
boplatin at Yonsei Cancer Center between June 2019 and November 2020, were retrospectively analyzed to determine safety
and efficacy using Cox regression analysis.

Results The median follow-up was 11.6 months. The median progression-free survival was 4.6 months (95% confidence
interval [CI] 4.0-5.2), and the median OS was 12.0 months (95% CI 7.4-16.6). Baseline bone metastasis, immune-related
adverse events (IRAEs), and elevated LDH were related to OS (hazard ratio 2.18, 0.33, and 4.64; P=0.05, 0.02, and 0.003,
respectively). Among the 42 patients with disease progression, liver metastasis progression and baseline bone metastasis were
associated with inferior OS, but without statistical significance (hazard ratio 2.47 and 1.97; P=0.25 and 0.26, respectively).
Overall, 61 (89.7%) patients experienced treatment-related adverse events (TRAEs), with hematologic toxicities as the most
common grade 3—4 TRAEs. Twenty-two (32.4%) patients experienced IRAEs, with skin rash as the most common, and five
(7.4%) patients had grade-3 IRAEs (pneumonitis, hyperglycemia, and aspartate aminotransferase elevation).

Conclusion Atezolizumab, combined with etoposide and carboplatin, showed efficacy and safety in our real-world data.
Further studies are needed to predict the response to immunotherapy in SCLC.
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RECIST  Response Evaluation Criteria in Solid Tumors
SCLC Small-cell lung cancer

TRAE Treatment-related adverse event
Introduction

Lung cancer is one of the most frequently diagnosed malig-
nancies and a leading cause of death worldwide [1]. Small-
cell lung cancer (SCLC) is a unique disease entity, which
accounts for approximately 14% of all lung cancer cases
[2]. SCLC typically responds well to cytotoxic chemo-
therapy initially, but rapidly progresses thereafter, result-
ing in a poor prognosis at advanced stages. Most patients
with SCLC experience a recurrence or death within 2 years
after the initial diagnosis. In contrast to non-small cell
lung cancer (NSCLC), which is well-known for its vari-
ous oncogenic mutations and targeted therapies, there are
no approved targeted agents for the treatment of SCLC. In
recent decades, cytotoxic chemotherapy and radiotherapy
have been the mainstream of SCLC treatment. Before the
era of immune checkpoint inhibitors (ICIs), the objective
response rate (ORR) of first-line treatment in extensive-stage
SCLC (ES-SCLC) was 44-78%, median progression-free
survival (mPFS) was 4.3-5.7 months, and median overall
survival (mOS) was 7.5-10.9 months, with a 5-year survival
rate of only 2.8% [3, 4].

The programmed death protein 1 (PD-1) inhibitors
nivolumab and pembrolizumab showed a durable response
in certain subgroups in the Checkmate-032, Keynote-028,
and Keynote-158 trials, leading to their clinical use in the
treatment of refractory ES-SCLC [5-7]. Global, multi-
center, phase III clinical trials that combined ICIs with
standard cytotoxic chemotherapy in the first-line treat-
ment of ES-SCLC have also been conducted. In the
IMpower133 study (NCT02763579), the programmed
death-ligand 1 (PD-L1) inhibitor atezolizumab was com-
pared with placebo in the treatment of 403 patients with
ES-SCLC in a first-line setting, which was combined with
standard etoposide and carboplatin chemotherapy. The
mPFS and mOS significantly improved in the atezoli-
zumab group compared with that in the placebo group
(5.2 months versus 4.3 months and 12.3 months versus
10.3 months, respectively) [8]. The frequency and grade
of treatment-related adverse events (TRAEs) were not sig-
nificantly different between the two groups, although the
health-related quality of life improvement was superior in
the atezolizumab arm [9]. Based on these results, the US
Food and Drug Administration approved atezolizumab, in
combination with etoposide and carboplatin, for first-line
treatment of ES-SCLC in 2019. In the CASPIAN study
(NCT03043872), a randomized phase III trial of first-
line treatment of ES-SCLC, another PD-L1 inhibitor,
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durvalumab, with or without tremelimumab, a cytotoxic
T-lymphocyte antigen 4 inhibitor, was combined with
standard chemotherapy. Durvalumab improved the mOS
from 10.3 months to 13.0 months compared to the pla-
cebo despite no significant benefit in mPFS. However, the
addition of tremelimumab did not significantly improve
outcomes versus standard chemotherapy [10, 11]. In the
Keynote-604 study (NCT03066778), pembrolizumab or
placebo was added to the standard chemotherapy of ES-
SCLC. Compared with placebo, pembrolizumab showed
improvement in both mPFS and mOS, although mOS pro-
longation was not statistically significant [12].

Despite the promising findings of these clinical trials,
real-world data are needed to supplement these results,
since trials recruit only well-defined, selected patients
and cannot reflect the complete heterogeneity of patients
and the disease. Indeed, Asian patients accounted for only
17%, 14%, and 22.8% of all patients in the IMpower133,
CASPIAN, and Keynote-604 studies, respectively. There-
fore, it is meaningful to confirm whether the benefit of
adding an ICI to a standard chemotherapy regimen can be
generalized for patients with ES-SCLC.

Toward this end, we here share our experience at a sin-
gle Korean institution, wherein we retrospectively evalu-
ated the efficacy and safety of atezolizumab, etoposide,
and carboplatin in the first-line treatment of ES-SCLC
patients.

Materials and methods
Patients and data collection

This retrospective study included patients who were treated
at Yonsei Cancer Center, Severance Hospital (Seoul, Korea)
between June 2019 and November 2020. Eligible patients
were those who had been diagnosed with ES-SCLC accord-
ing to the definition of the Veterans Administration Lung
Cancer Study Group or had recurrent disease in patients
with limited-stage SCLC after definitive concurrent chem-
oradiation therapy (CCRT) without prior systemic treat-
ment. Patients who had a history of autoimmune disease
were excluded. The demographic and clinical characteristics
of patients, such as age, sex, smoking history, performance
status, baseline brain metastasis, previous treatment, and
PD-L1 status, were collected through a review of electronic
medical records. PD-L1 expression was assessed using the
SP263 immunohistochemical assay (Ventana Medical Sys-
tems, Inc., Oro Valley, AZ, USA). The personal information
of the patients was anonymized. The study was approved by
the institutional review board at Severance Hospital (IRB
number 4-2020-1151).
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Treatment and response evaluation

Each patient was treated with four to eight cycles of etopo-
side (100 mg/m? body surface area, administered intrave-
nously on days 1 through 3 of each cycle), carboplatin (area
under the curve of 5 mg mL~! min~', administered intrave-
nously on day 1 of each cycle), and atezolizumab (1200 mg,
administered intravenously on day 1 of each cycle), followed
by atezolizumab maintenance every 3 weeks. Treatment was
continued until disease progression, death, or unacceptable
toxicity. The response was evaluated according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
[13]. Treating physicians evaluated the tumor response and
they were unblinded to the clinical data. Computed tomog-
raphy imaging was performed every 2 or 3 cycles initially
and then every 4 cycles during atezolizumab maintenance.
Treatment beyond disease progression was accepted if there
was a clinical benefit. Prophylactic cranial irradiation was
allowed during atezolizumab maintenance.

Endpoints

The primary endpoints were PFS and OS. PFS was defined
as the time from treatment initiation to radiologically con-
firmed disease progression or death. OS was defined as the
time from treatment initiation to death. Secondary endpoints
were ORR and safety. ORR was defined as the proportion
of patients with partial response (PR) or complete response
(CR) according to RECIST version 1.1 [13]. The duration
of response was defined as the length of time from the first
PR or CR to disease progression. Safety was evaluated with
Common Terminology Criteria for Adverse Events 4.0 [14].
The adverse events, their causal relationship with each drug,
and the determination of immune-related adverse events
(IRAEs) were based on the medical records by treating
physicians.

Statistical analysis

For the analysis of PFS and OS, data for patients who had no
disease progression or remained alive were censored on the
day of their last outpatient clinic visit. PFS and OS were ana-
lyzed with the Kaplan—Meier method and are presented as
the median value with the two-sided 95% confidence interval
(CI). The hazard ratios (HRs) for PFS and OS were esti-
mated with multivariable Cox proportional hazard regres-
sion analysis. For the analysis of poor prognostic factors,
subgroup analysis of OS was performed for patients who
experienced disease progression after first-line treatment and
who had a PFS greater than 2 months. All statistical analyses
were performed using the SPSS statistical software (version
25.0, IBM Corporation, USA) and GraphPad Prism (version
5, GraphPad Software Inc., USA).

Results
Patient characteristics

A total of 68 patients were treated with etoposide, car-
boplatin, and atezolizumab as the first-line treatment for
ES-SCLC during the study period. Baseline characteris-
tics of the patients are shown in Table 1. The median age
was 68 (range 40-84) years. Majority of the patients were
men (89.7%), who were current (55.9%) or former (39.7%)
smokers. The Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) score of patients was 0 (20.6%)
or 1 (79.4%). Two patients (3.0%) had limited-stage SCLC
and had previously undergone definitive CCRT. Seventeen
patients (25.0%) had brain metastasis at baseline. Four
patients (6.0%) underwent prophylactic cranial irradia-
tion. Only two patients (3.0%) were PD-L1-positive, and
the majority of patients were PD-L1-negative (66.2%) or
had an unknown PD-L1 expression status (30.9%). Among
the 68 patients, 10 (14.7%) patients received 5 to 8 cycles
of etoposide and carboplatin chemotherapy. Compared
with the IMpower133 study population, the patients in this
study were slightly older (median age 68 vs. 64 years) and

Table 1 Patient characteristics

Baseline characteristics (N=68)

Median age (range)—year 68 (40-84)
Male sex, N (%) 61 (89.7%)
ECOG performance status score—N (%)
0 14 (20.6%)
1 54 (79.4%)
Smoking status®—N (%)
Never smoker 3 (4.4%)
Current smoker 38 (55.9%)
Former smoker 27 (39.7%)
Brain metastases at baseline—N (%) 17 (25.0%)

PCI 4 (6.0%)

Previous treatment for LS-SCLC 2 (3.0%)
PD-L1 status®
>1 2 (3.0%)
<1 45 (66.2%)
Unknown 21 (30.9%)

ECOG Eastern Cooperative Oncology Group, PCI prophylactic cra-
nial irradiation, LS-SCLC limited-stage small-Cell lung cancer, PD-
L1 programmed death-ligand 1

#A current smoker was defined to be an individual who currently
smokes or has quit for<1 year, a former smoker was an individual
who had stopped smoking for>1 year, and a never smoker was an
individual with a lifetime smoking history of < 100 cigarettes

"The PD-L1 tumor proportion score was defined as the percentage of
tumor cells with membranous PD-L1 expression
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there was a higher proportion of poor ECOG PS (79.4% vs.
63.7%) and baseline brain metastasis (25.0% vs. 8.5%).

Efficacy

The median follow-up for all patients was 11.6 months
(range 0.3-19.1 months). In total, 53 (77.9%) patients expe-
rienced disease progression and 30 (44.1%) patients died.
The mPFS was 4.6 months (95% CI 4.0-5.2) and the mOS
was 12.0 months (95% CI 7.4-16.6) (Fig. 1), which is simi-
lar to the values of 5.2 and 12.3 months, respectively, in the
IMpower133 study. The swimmer’s plot in Fig. 2a shows
that there were some long responders who maintained a
response with this first-line therapy; contrastingly, other
patients did not obtain a maximal benefit from this initial
regimen with relatively less tumor shrinkage or shorter PFS,
but had longer survival after disease progression with first-
line treatment, marked by the several long gray bars in the
graph.

The 12-month and 18-month OS rates were 50.0% and
37.0%, respectively, as compared with a 1-year OS rate of
51.7% in the IMpower133 study. At the time of data cutoff,
15 (22.1%) patients had an ongoing response and contin-
ued treatment. Among the 68 patients, 1 (1.5%) achieved
a CR, 50 (73.5%) showed a PR, and 7 (10.3%) had stable
disease as their best treatment response (Fig. 2b). The ORR
was 75.0% (51/68), and the disease control rate was 85.3%
(58/68). The median duration of response was 3.3 months
(range 0.6—17.5 months) (Table 2). Most patients had lymph
node, lung, bone, or liver metastasis at the time diagnosed
with metastatic or recurrent disease (Fig. 3a). The major-
ity of patients experienced disease progression in the lung,
lymph node, liver, and brain (Fig. 3b).

In the univariate analysis, baseline bone metastasis, the
presence of IRAEs, and elevated LDH were related to PFS.
In the multivariable analysis, baseline brain metastasis (HR
2.44, P=0.01), ECOG PS (HR 2.43, P=0.02), baseline
bone metastasis (HR 2.67, P=0.003), the presence of IRAEs
(HR 0.33, P=0.001), and elevated LDH (HR 2.30, P=0.01)

were significantly associated with PFS (disease progression
or death) (supplementary Table 1).

In the univariate analysis, baseline bone metastasis, the
presence of IRAEs, and elevated LDH were related to OS,
which remained significant in the multivariable analysis (HR
2.18,0.33, and 4.64; P=0.05, 0.02, and 0.003, respectively;
supplementary Table 2). In the multivariable analysis for
the subgroup of 42 patients with disease progression, liver
metastasis progression and baseline bone metastasis were
associated with inferior OS, but without statistical signifi-
cance (HR 2.47 and 1.97; P=0.25 and 0.26, respectively;
supplementary Table 3).

Safety

The TRAEs are summarized in Table 3. Among the 68
patients, 61 (89.7%) experienced at least one TRAE, includ-
ing 24 (35.3%) and 15 (22.1%) patients with grade-3 and
grade-4 TRAEsS, respectively. Four (5.9%) patients had
grade-5 TRAESs, including colitis (2.9%) and pneumonia
(2.9%). The most common grade-3—4 TRAEs were neu-
tropenia (42.6%), anemia (22.1%), and thrombocytopenia
(22.1%). Among the 68 patients, 22 (32.4%) experienced
IRAEs, including 5 (7.4%) patients with grade-3 IRAEs such
as pneumonitis (4.4%), hyperosmolar hyperglycemic state
(1.5%), and aspartate aminotransferase elevation (1.5%). The
most common IRAEs were skin rash (13.3%) and pruritus
(8.9%) of grade 1 or 2 in all cases.

Discussion

With the increasing use of ICIs for several tumor types,
the treatment outcomes, including duration of response,
have markedly improved. Combining immunotherapy with
conventional cytotoxic chemotherapies [15—18] or target
agents [19-21] has also compensated for the shortcom-
ings of immunotherapies, such as the low response rate or
delayed initial response. Although SCLC has historically
been associated with a dismal prognosis, the addition of ICIs

Fig.1 Survival of total patients. A B
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o
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Fig.2 Treatment outcomes. a Swimmer plot of patients with measur-
able lesions who had at least one response evaluation (N=60). Time
to first response, disease progression, death, and the duration of treat-
ment are shown. b Waterfall plot of patients with measurable lesions

Table 2 Response to treatment

Response of treatment

Total number of patients—68

Type of response—N (%)

Complete response 1(1.5%)
Partial response 50 (73.5%)
Stable disease 7 (10.3%)
Progressive disease 2 (3.0%)
Not evaluable 8 (11.7%)
Objective response rate (%) 75.0
Median duration of response (range)—months 3.3(0.6-17.5)
Ongoing response at data cutoff—N (%) 15 (22.1%)

«PD (+20%) e PR (-30%)

who had at least one response evaluation (N=60). Maximum per-
cent change in tumor size from baseline is shown according to best
response. CR complete response, PR partial response, SD stable dis-
ease, PD progressive disease

to cytotoxic chemotherapy has resulted in better outcomes,
similar to the effects for other solid tumors such as NSCLC.

This retrospective study evaluated the efficacy and
safety of atezolizumab, in combination with etoposide
and carboplatin, in the first-line treatment of SCLC in a
single Korean institute. In our data, survival outcomes
(mPFS 4.6 months and mOS 12.0 months) were numeri-
cally comparable to those of the IMpower133 (mPFS
5.2 months and mOS 12.3 months) [8] and CASPIAN
(mPFS 5.1 months and mOS 13.0 months) [10] studies.
Therefore, even though it was a retrospective study without
comparator group, this study supported the value of add-
ing ICI to the platinum-based doublet in ES-SCLC. There
are some models to explain the improved outcome of an
ICI and chemotherapy combination. Downregulation of
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Fig.3 Metastases sites. a Baseline metastases sites of patients before treatment. b Progression sites after treatment with atezolizumab, etoposide,

and carboplatin

Table 3 Treatment-related
adverse events

Adverse events related to treatment

Event Grade 1 or 2 Grade 3 or 4 Grade 5
Treatment-related adverse events Number of patients (percent)

Neutropenia 8 (11.7%) 29 (42.6%)

Anemia 21 (30.9%) 15 (22.1%)

Anorexia 4(5.8%)

Nausea/Vomiting 1(1.5%)

Alopecia 1(1.5%)

Fatigue 2(2.9%) 1(1.5%)

Thrombocytopenia 14 (20.6%) 15 (22.1%)

Constipation 5(7.3%) 1(1.5%)

Creatinine elevation 2 (2.9%)

Febrile neutropenia 6 (8.8%)

Colitis 2 (2.9%)

Pneumonia 1(1.5%) 2 (2.9%)
Immune-related adverse events

Pruritus 6 (8.9%)

Skin rash 9(13.3%)

Diarrhea 2 (2.9%)

Adrenal insufficiency 3 (4.4%)

Hypothyroidism 3 (4.4%)

AST elevation 2 (2.9%) 1(1.5%)

ALT elevation 2 (2.9%)

Hyperosmolar hyperglycemic state 1(1.5%)

Pneumonitis 3 (4.4%)

AST aspartate aminotransferase, ALT alanine aminotransferase

major histocompatibility complex class I, low expression
of PD-L1, poor tumor infiltration by effector T cells, and
presence of myeloid-derived suppressor cells as well as
regulatory T lymphocytes have been proposed to contrib-
ute to the mechanisms of resistance of immune response
activation by ICIs in SCLC [22]. Carboplatin reportedly
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emerged as a candidate inducer of immunogenic cell death
using a prediction algorithm [23]. Damage-associated
molecular patterns, such as calreticulin or high-mobility
group box 1, are exposed or released upon carboplatin
treatment [24], thereby promoting anticancer immunity
and exerting a synergist effect with ICIs.
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In the multivariable analysis of PFS and OS, baseline
bone metastasis was associated with decreased survival.
Bone metastasis itself might be a poor prognostic factor
[25] or it may deteriorate the treatment response to immu-
notherapy, as observed in NSCLC [26]. In contrast, IRAEs
were related to better treatment outcomes and prolonged
survival. The correlation between IRAEs and treatment
efficacy has been discussed in several retrospective and
prospective studies involving NSCLC patients treated
with the anti-PD-1 and anti-PD-L1 inhibitors [27-30].
Elevated LDH is known as a poor prognostic marker in
SCLC patients and predicts poor response to ICIs [31,
32]. In our study, elevated LDH was also associated with
inferior PFS and OS.

Exploratory analyses in the IMpower133 study showed
more long-term survivors, defined as patients who survived
more than 18 months post-randomization, in the atezoli-
zumab arm than in the placebo arm. Their median follow-up
was 22.9 months. As the median follow-up was 11.6 months
in our study and 15 (22.1%) patients had an ongoing
response at the time of data cutoff, it can be expected that a
longer duration of response and long-term survival may exist
in the selected patients in our study. It is important to clarify
the characteristics of certain patients that contribute to their
longer responses or general benefit from immunotherapy. In
our study, only two (3.0%) patients were PD-L1-positive and
more than half of the patients were PD-L1-negative, which
was consistent with the literature [7, 33, 34]. The two PD-L1
positive patients showed similar or shorter PFS and OS com-
pared to the median value. Therefore, markers other than
PD-L1 seem to be required in SCLC, such as the molecular
subtypes proposed by Rudin et al. [35] or Gay et al. [36].
More follow-up and molecular analysis of our patients could
identify the factors contributing to longer survival.

In the additional subgroup analysis of 42 patients with
disease progression after treatment with the atezolizumab,
etoposide, and carboplatin regimen, liver metastasis progres-
sion was related to an inferior OS, although this associa-
tion was not statistically significant. Interestingly, baseline
liver metastasis itself did not show any significant associa-
tion with PFS or OS in this study. The progression of liver
metastasis may have influenced ICI resistance, contributing
to poor survival. In a recent study, Yu et al. [37] suggested
that liver metastasis induced a decrease in circulating CD8"
T cells through the apoptosis of T cells after contact with
immunosuppressive macrophages within the liver, and liver-
directed radiotherapy eliminated macrophages to promote
the antitumor efficacy of immunotherapy in preclinical
models. If this hypothesis is confirmed in more prospective
studies, close observation of liver metastasis progression and
timely addition of local therapy to the liver metastasis would
likely enhance the immunotherapy efficacy and contribute
to improved survival outcomes.

The profile of prevalent adverse events in our study was
similar to that in the IMpower133 trial. Although grade-5
treatment-related adverse events occurred in four (5.8%)
patients, these were not IRAEs. Many patients showed
hematologic toxicities, which were above grade 3 in
22.1-42.6% of the patients. Fortunately, these toxicities
could be prevented through granulocyte colony-stimulat-
ing factor injection or transfusion. Most of the IRAEs were
grade 1 or 2.

There are several limitations to this study. First, as it is
a retrospective review and analysis from medical records,
the incidence of some adverse events, such as nausea, vom-
iting, or alopecia, is likely underestimated. However, 33
(48.5%) patients received treatment before the approval of
atezolizumab combined with chemotherapy for SCLC in
Korea through an expanded access program. The adverse
events of these patients were followed up and described in
the electronic medical records at the time of treatment. Sec-
ond, there were some practices that differed from those of
pivotal clinical trials. Some patients had their first response
evaluation after the initial third cycle of treatment, which
may have led to a reduced duration of response. In addition,
some patients (10/68, 14.7%) received more than five cycles
of chemotherapy, which was not performed in the clinical
trials. Third, the small number of patients and a limited fol-
low-up period might have influenced the results. Therefore,
subsequent studies with larger samples and longer follow-up
are required.

Conclusion

Atezolizumab, combined with etoposide and carboplatin,
showed efficacy and safety as first-line treatment for ES-
SCLC in our real-world data. More follow-up is needed to
confirm the durable response and effect of this regimen on
long-term survival. Moreover, further studies are needed to
evaluate molecular markers that can predict the response of
immunotherapy in SCLC.
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