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Intermittent administration of atezolizumab with
combined carboplatin and etoposide therapy for patients
with extensive-disease small cell lung cancer
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Abstract. To the best of our knowledge, no published reports
have examined the significance of additional immune check-
point inhibitors in treating malignancies, including lung cancer.
Therefore, the present study aimed to examine the efficacy and
feasibility of adding atezolizumab to carboplatin and etopo-
side combination chemotherapy for small cell lung cancer
with extensive disease (ED-SCLC). The present retrospective
analysis examined 16 patients with ED-SCLC who received
the addition of atezolizumab to carboplatin and etoposide
therapy during treatment at four institutions between August
2019 and September 2020. The effectiveness of treatment was
evaluated based on tumor response, survival time and adverse
events. Within the study cohort, there were 14 males (87.5%)
and 2 females (12.5%), with a median age of 73.5 years (range,
62-79 years); 7 patients had a performance status (PS) of 0-1
(43.8%) and 9 had a PS of 2-3 (56.3%). The median follow-up
period was 12.1 months. The overall response rate, median
progression-free survival time and median overall survival
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time were 75.0%, 5.3 and 13.0 months, respectively. Regarding
the frequency of hematological adverse events, the occur-
rence of grade =3 adverse events was observed, including
decreased neutrophil (56.3%), white blood cell (50.0%)
and platelet (43.8%) counts, as well as febrile neutropenia
(12.5%). Although 1 patient developed grade 3 pneumonitis
as a serious adverse event, no treatment-related deaths were
observed. Despite the aforementioned hematological toxici-
ties, the addition of atezolizumab to carboplatin and etoposide
therapy during treatment demonstrated favorable efficacy and
acceptable toxicity in ED-SCLC. Thus, adding atezolizumab
to carboplatin and etoposide combination chemotherapy may
be a treatment option for ED-SCLC.

Introduction

Small cell lung cancer (SCLC) accounts for ~14% of all lung
cancer cases (1). Until recently, the standard first-line treatment
for patients with SCLC with extensive disease (ED-SCLC)
was platinum and etoposide combination chemotherapy.
Despite a median patient survival time of ~10 months, there
has been no significant improvement in overall survival (OS)
time for over 2 decades (2,3). ED-SCLC is a malignant disease
with an objective response rate (ORR) of 44-78% for first-line
treatment, a median progression-free survival (PFS) time of
4.3-5.7 months, a median OS time of 7.5-10.9 months and a
5-year survival rate of only 2.8% (3.4).

Atezolizumab, a programmed death ligand 1 inhibitor,
was studied in the IMpowerl33 trial in combination with
carboplatin and etoposide therapies (5,6). The trial determined
that median PFS and OS times were significantly more favor-
able in patients who received atezolizumab with carboplatin
and etoposide than in patients who received a placebo with
carboplatin and etoposide (5.2 vs. 4.3 months and 12.3 vs.
10.3 months, respectively). However, the IMpower133 trial was
a study of a cohort of patients with a favorable performance
status (PS) of 0-1 (7), and there was no investigation for a PS
of 2. Furthermore, the trial was designed for patients with
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preserved organ function and no autoimmune diseases or other
complications under favorable conditions. Thus, to the best of
our knowledge, there are currently no published studies on the
addition of immune checkpoint inhibitors (ICIs) in patients
with poor PS, organ dysfunction or complications.

There have been two phase 11 trials that included patients
with a PS of 3, and these patients may be eligible for chemo-
therapy if the therapeutic effect on SCLC can improve PS (8,9).
A phase III trial JCOG9702) of carboplatin and etoposide
versus split cisplatin (cisplatin administered in divided doses)
and etoposide in patients aged =70 (PS, 0-2) and <70 (PS, 3)
years showed more grade 3/4 thrombocytopenia in patients
given carboplatin and etoposide (56 vs. 16%, respectively;
P<0.01), but ORR (73 vs. 73%, respectively) and OS time
(median 7.1 vs. 6.9 months, respectively, in the subgroup
analysis of patients with PS 3 <70 years) were similar (10).
Therefore, PS could be improved with cytotoxic drug
chemotherapy, and even if treatment is initially started with
carboplatin and etoposide for the first cycle due to complica-
tions, ICIs can be intermittently added during the sequential
course of carboplatin and etoposide chemotherapy. However,
the efficacy and feasibility of starting carboplatin and etopo-
side at the beginning of first-line chemotherapy and adding
atezolizumab during the treatment course in patients with
ED-SCLC with a poor PS or complications during the initial
cycle of carboplatin and etoposide have not been investigated.
Furthermore, to the best of our knowledge, no reports have
examined the significance of additional ICIs in malignancies
other than lung cancer. Therefore, the present investigation
aimed to examine the efficacy and feasibility of carboplatin
and etoposide as treatment options at the beginning of therapy
with atezolizumab administered during the treatment course
in patients with ED-SCLC.

Materials and methods

Patients. The present retrospective study assessed the clinical
records of patients diagnosed with ED-SCLC who received
atezolizumab in addition to carboplatin and etoposide combi-
nation therapy for SCLC between August 2019 and September
2020 in four institutions (Toyama Prefectural Central Hospital,
Toyama, Japan; International Medical Center, Saitama Medical
University, Saitama, Japan; Jichi Medical University, Saitama
Medical Center, Saitama, Japan; and University of Fukui,
Fukui, Japan). The inclusion criteria were: i) Cytological or
histopathological diagnosis of stage III/IV SCLC without
curative radiotherapy or postoperative recurrence; ii) first-line
chemotherapy with carboplatin and etoposide; and iii) addition
of atezolizumab during carboplatin and etoposide combination
therapy. Key exclusion criteria were: i) A history of previous
treatment with immune-checkpoint blockade therapies; and
il) having no measurable lesions to assess tumor shrinkage
efficacy. The pathological stage was evaluated based on the
Tumor-Node-Metastasis (TNM) classification of the Union for
International Cancer Control, eighth edition (11). The Eastern
Cooperative Oncology Group (ECOG)-PS scale scores range
from 0-4, where low scores indicate a good general condition
and high scores signal a poor prognosis (7). A PS of O indicated
the best general condition and a PS of 4 indicated the poorest
general condition. Before therapy, all patients underwent

systematic evaluation and standardized staging procedures.
The clinical stage was assigned according to the results of
physical examination, chest X-ray, thoracic and abdominal
computed tomography (CT), brain CT or magnetic resonance
imaging, and bone scintigraphy or "®F-fluorodeoxyglucose
positron emission tomography to evaluate the TNM stage.
Aspiration cytology and/or biopsy as part of the clinical
staging procedure was performed as needed. Data were
extracted from the medical records of eligible patients. Data
from some patients (7 patients) who received atezolizumab
plus carboplatin and etoposide were used in a previously
reported analysis (12). The present study was approved by
the Institutional Review Board of the International Medical
Center of Saitama Medical University (Hidaka, Japan;
approval no. 2021-113). All procedures complied with the
ethical standards of the institutional and/or national research
committee and the Declaration of Helsinki of 1964 and its
subsequent amendments or comparable ethical standards. As
this was a retrospective study, the requirement for informed
consent was waived.

Evaluation of treatment and response. None of the patients
in the cohort had previously received ICIs, including atezoli-
zumab, carboplatin or combination etoposide chemotherapy.
Each patient was administered up to six cycles of carbo-
platin [area under the curve (AUC) of 3.5-5 min/mg/ml;
intravenous injection on day 1 of each cycle] and etoposide
(60-100 mg/m? body surface area; intravenous injection on
days 1-3 of each cycle), followed by atezolizumab mainte-
nance every 3 weeks. Atezolizumab (fixed dose of 1,200 mg,
intravenous injection on day 1 of each cycle) was added to
the carboplatin and etoposide therapy based on the attending
physician's decision. Granulocyte colony-stimulating factor
was administered as a prophylaxis against neutropenia at
the discretion of the attending physician. Treatment was
terminated when disease progression or irreversible toxicity
was observed, or when the patient withdrew consent to
chemotherapy. When treatment failure occurred with the
combination of atezolizumab with carboplatin and etoposide
therapy, subsequent chemotherapy with a cytotoxic drug or
best supportive care alone was performed at the discretion of
the treating physician.

Radiographic tumor responses were evaluated in line with
the best overall response and maximum tumor shrinkage
according to the Response Evaluation Criteria for Solid
Tumors, version 1.1 (13). Treatment-related toxicities were
classified according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 5.0) (14).

Statistical analysis. PFS time was calculated from the first
day of carboplatin and etoposide combination chemotherapy
until progressive disease (PD) or death for any reason. OS
time was calculated from the first day of carboplatin and
etoposide combination chemotherapy until death or censored
on the day of the last consultation. Post-progression survival
(PPS) time was calculated as the period from PD to death or
censored on the date of the last consultation or follow-up. PFS
and OS times were evaluated using the Kaplan-Meier method.
All statistical analyses were performed using JMP statistical
software, version 11.0, for Windows (SAS Institute, Inc.).
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Table I. Baseline patient characteristics (n=16).

Table I. Continued.

Characteristic Value  Characteristic Value
Sex, n Number of cycles of atezolizumab maintenance
Male 14 therapy administered
Female 2 Median 2.5
Age, years Range 0-15
Median 735 Starting dose, n
Range 62-79 CBDCA (AUC 5) + etoposide (100 mg/m?) 10
Disease stage, n CBDCA (AUC 5) + etoposide (80-99 mg/m?) 1
I 1 CBDCA (AUC 4) + etoposide (80-99 mg/m?) 3
v 15 CBDCA (AUC 5) + etoposide (<80 mg/m?) 1
Postoperative recurrence 0 CBDCA (AUC 3.5) + etoposide (<80 mg/m?) 1
ECOG-PS at first administration of With or without G-CSF prophylaxis, n
carboplatin + etoposide, n Yes 14
0 3 No 2
1 4 Prior radiotherapy, n
2 5 Yes 1
3 4 No 15
4 0 Reason for addition of atezolizumab to
Smoking status, n carboplatin + etoposide®, n
Yes 16 Poor PS 7
No 0 Due to complications of immune disease 4
Histology, n Concurrent with radiotherapy 2
Small cell carcinoma 16 Due to the extensive tumor 1
Combined small cell carcinoma 0 Elderly 1
History of postoperative adjuvant Due to complications of pneumothorax 1
chemotherapy, n Steroid treatment for adverse events®, n
Yes 0 Yes 3
No 16 No 13
Intracranial metastases at initial treatment, n Continuing administration of atezolizumab
Yes 6 at data cutoff, n
No 10 Yes 1
Liver metastases at initial treatment, n No 15
Yes 5
No 11 “Excluding atezolizumab maintenance therapy; Pexcluding topical
agents. PS, performance status; ECOG-PS, Eastern Cooperative
Bone metastases at initial treatment, n Oncology Group-PS; CBDCA, carboplatin; AUC, area under the
Yes 6 curve; G-CSF, granulocyte-colony stimulating factor.
No 10
Cycle at addition of atezolizumab, n
2 10
3 3 Results
4 2
5 1 Patient backgrounds. A total of 98 patients were screened
ECOG-PS at addition of atezolizumab, n who received atezolizumab with carboplatin and etoposide
0 ) combination chemotherapy. Atezolizumab was added from
1 13 the mi.ddle course of carboplatip and etoposide ther.apy in
) | 16 patlents, v.vho were eva.lluated in the. present analysis. The
patient selection diagram is shown in Fig. S1. The characteris-
3 0 tics of the 16 patients are listed in Table I and detailed clinical
4 0 information for each patient is presented in Table II. The
Number of cycles carboplatin + etoposide median age of all patients was 73.5 years (range, 62-79 years),
(+ atezolizumab) administered and 14 patients (87.5%) were male. Stage III disease was
Median 4 observed in 1 patient, and stage IV in 15 patients. ECOG-PS
Range 1-6 at the first administration of carboplatin and etoposide was 0,
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1,2 and 3 in 3, 4, 5 and 4 patients, respectively. Meanwhile,
ECOG-PS in patients with the addition of atezolizumab was
0, 1 and 2 in 2, 13 and 1 patient, respectively. The number
of cycles with atezolizumab addition was 2, 3, 4, and 5 in
10, 3, 2 and 1 patient, respectively. The median number of
carboplatin and etoposide (plus atezolizumab) administration
cycles was 4 (range, 1-6). The most common doses of carbo-
platin and etoposide were AUC 5 mg/min/ml and 100 mg/m?,
respectively (n=10; 62.5%). Only 1 patient received palliative
radiotherapy before atezolizumab administration. The most
common reason for adding atezolizumab to carboplatin and
etoposide therapy was poor PS, followed by complications
from autoimmune diseases.

Treatment efficacy. Treatment response results are shown
in Table III. The median follow-up period was 12.1 months
(range, 1.9-24.3 months). Although a complete response
was not achieved in any patient, a partial response (PR) was
observed in 12 patients, stable disease (SD) in 2 and PD in
2. The response and disease control rates were 75.0% [95%
confidence interval (CI), 50.0-90.2] and 87.5% (95% CI,
62.7-97.7), respectively. The median PFS and OS times were
5.3 months (95% CI, 2.6-7.8 months) and 13.0 months (95%
CI, 6.9-24.3 months), respectively (Fig. 1). All 11 deaths
in the study were directly attributable to SCLC events. The
swimmer plot shown in Fig. 2 shows the duration of carbo-
platin and etoposide treatment, the duration of atezolizumab
plus carboplatin and etoposide treatment, and the duration of
PPS of atezolizumab plus carboplatin and etoposide after PD
in all 16 patients. Long-term survivors with a median survival
time of =13.0 months tended to have a longer PPS after
adding atezolizumab to carboplatin and etoposide therapy,
with PPS accounting for more than one-half of the survival
period, except for 1 patient who remained on atezolizumab
maintenance therapy. All patients achieved a PR.

Toxicity. Treatment-related adverse events were assessed in
all 16 patients (Table IV). Adverse events of any grade were
observed in all 16 patients, and an adverse event that led to
discontinuation of treatment (pneumonia grade 3) occurred
in 1 patient. The most common treatment-related adverse
event was hematological toxicity. The most frequent adverse
events of any grade were decreased platelet count (n=15;
93.8%), anemia (n=14; 87.5%), decreased white blood cell
count (n=11; 68.8%), and decreased neutrophil count (n=10;
62.5%). The incidence of immune-related adverse events was
generally low. In 1 patient with a grade =3 adverse event, a
diagnosis of grade 3 pneumonitis was seen as a serious enough
adverse event to discontinue treatment. The patient received
prednisolone (0.5 mg/kg) and died of the primary disease. No
deaths due to the combination of carboplatin and etoposide
(plus atezolizumab) were observed during the study period.

Subsequent treatments. Among the 15 patients who devel-
oped PD, 11 received subsequent-line chemotherapy. The
most common second-line chemotherapy was amrubicin
monotherapy. A total of 5 patients did not receive subsequent
treatment for PD after first-line treatment and were treated
with the best supportive care alone. The subsequent treatments
administered beyond PD are listed in Table SI.

Table III. Treatment response.

Treatment response Value
Complete response, n 0
Partial response, n 12
Stable disease, n 2
Progressive disease, n 2
Not evaluated 0

Response rate, % (95% CI)
Disease control rate, % (95% CI)

75.0 (50.0-90.2)
87.5(62.7-97.7)

CI, confidence interval.

Discussion

The efficacy and feasibility of the therapeutic option of adding
atezolizumab during carboplatin and etoposide treatment in
patients with SCLC has remained to be determined. In the
present study, atezolizumab was added to carboplatin and
etoposide therapy during treatment, and this revealed favor-
able efficacy with no new safety concerns in patients with
SCLC. This outcome suggests its tolerability in patients with
SCLC with problems, such as a poor PS and immune disease
complications, at the start of the initial treatment. The efficacy
of treatment in the patients enrolled in the present analysis
was comparable to that of the atezolizumab plus carboplatin
and etoposide arm of the phase III IMpowerl33 trial (5).
Furthermore, the ORR was comparable, while median PFS
and OS times in the present study were slightly shorter than
those from the atezolizumab plus carboplatin and etoposide
clinical practice data in our previous study, which were 73.8%,
5.4 and 15.9 months, respectively (15). The results of the
present study suggest that this treatment efficacy is comparable
to the conventional results of atezolizumab with carboplatin
and etoposide therapy from the first cycle of treatment and
may be a sufficient option for clinical practice. Thus, the
feasibility of these treatments is considered adequate. It should
be emphasized that the novelty of the present study is the
clinical significance of intermittent addition of atezolizumab
to carboplatin and etoposide therapy during treatment since
some concern prevented their initial combination.

Detailed data from the patients are presented in Table 11
and Fig. 2. In the cohort, 7 of the 16 patients received atezoli-
zumab from an intermittent cycle of carboplatin and etoposide
due to a PS of 2-3. Of these patients, 6 improved to a PS of 1,
and 1 improved from a PS of 3 to a PS of 2. Therefore, atezoli-
zumab was added to the therapy. There were 4 patients with
autoimmune diseases who did not receive atezolizumab at the
beginning of carboplatin and etoposide therapy. However, their
autoimmune diseases varied widely, and 1 patient with intersti-
tial pneumonia (patient 6) developed drug-induced interstitial
pneumonitis after receiving atezolizumab. However, the treat-
ment choice of starting additional doses of atezolizumab after
the subsequent cycle is at the discretion of the treating physician
and is inconsistent, as shown in Table II. Additionally, in a
small number of patients, it is difficult to determine whether
there is a survival benefit from adding atezolizumab to the
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Figure 1. Kaplan-Meier survival curves. (A) PFS of patients with SCLC after adding atezolizumab to carboplatin and etoposide combination therapy during the
treatment cycle. The median PFS time was 5.3 months (95% CI, 2.6-7.8 months). (B) OS of patients with SCLC after adding atezolizumab to carboplatin and
etoposide combination therapy during the treatment cycle. The median OS time was 13.0 months (95% CI, 6.9-4.3 months). CI, confidence interval; OS, overall

survival; PES, progression-free survival; SCLC, small cell lung cancer.

Cycle at addition of atezolizumab

B Duration of carboplatin and etoposide
Il Duration of carboplatin and etoposide adding atezolizumab
Bl PPS of atezolizumab plus carboplatin and etoposide

#10 2 mEE— PR
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Figure 2. Swimmer chart showing the treatment duration of carboplatin and etoposide, the treatment duration of atezolizumab plus carboplatin and etoposide,
and the duration of PPS of atezolizumab plus carboplatin and etoposide after disease progression in the 16 patients. The cycle in which atezolizumab was added
and the best overall response in each patient are shown. The numbers (#) correspond to the patient numbers in Table II. PD, progressive disease; SD, stable

disease; PR, partial response; PPS, post-progression survival.

combination of carboplatin and etoposide for various reasons
during drug therapy. However, all 6 long-term survivors, with
a median survival of =13 months, achieved a PR and a PS of
0-1 at the beginning of atezolizumab administration. Of these
6 patients, PPS after PD with atezolizumab plus carboplatin
and etoposide combination therapy represented more than
one-half of the OS time period. These patients received at least
one line of anticancer agent therapy as a subsequent treatment,
except for 1 patient who continued atezolizumab maintenance
therapy at the data cut-off. Of the 6 patients, 4 started with

additional atezolizumab after the third cycle. Additionally,
all patients with SD or PD had a below median OS time, and
2 patients with PD had a poor OS time of <5 months. A patient
with PR (patient 10) died of cerebral infarction and had a
short OS time of 2.0 months. Based on the aforementioned
data, long-term OS time can be expected even in patients who
start combination therapy with carboplatin and etoposide, if
the addition of atezolizumab is considered even in the latter
half of the combination therapy and if PPS, which accounts for
more than half of the OS time period, is controlled.
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Table IV. Adverse events.

Any grade, Grade =3,

Adverse event n (%) n (%)
Led to discontinuation 1(6.3) 1(6.3)
Led to death 0(0.0) 0(0.0)
Treatment-related®

White blood cell decreased 11 (68.8) 8 (50.0)

Neutrophil count decreased 10 (62.5) 9 (56.3)

Anemia 14 (87.5) 3(18.8)

Platelet count decreased 15(93.8) 7 (43.8)

Febrile neutropenia 2 (12.5) 2(12.5)
Immune-related®

Pneumonitis 1(6.3) 1(6.3)

Skin rash 1(6.3) 0(0.0)

Hypothyroidism 1(6.3) 0(0.0)

Adrenal insufficiency 1(6.3) 0(0.0)

*Treatment-related adverse grade =3 events reported in =1 patient;
*immune-related adverse events reported in =1 patient.

Regarding safety, the addition of atezolizumab during
carboplatin and etoposide treatment was well managed in
the current population. However, the percentage of patients
who exhibited hematological toxicities, such as decreased
neutrophil, white blood cell and platelet count, was higher
in the patients in the present study than in the IMpowerl33
study (5). Furthermore, hematological toxicity was somewhat
higher than that in our previously reported cohort, starting
with atezolizumab plus carboplatin and etoposide chemo-
therapy (15). It is possible that hematologic toxicity was
slightly higher in this population due to poor PS or other
reasons that would have prevented the administration of
atezolizumab from the first cycle. These perceptions suggest
that the toxicity signal from the addition of atezolizumab
during the carboplatin and etoposide treatment period may
be feasible in patients with SCLC who have some problems
at the beginning of initial therapy.

Although the combination of atezolizumab plus carbo-
platin and etoposide has recently become a standard treatment
choice for patients with ED-SCLC in good general condition,
such as a good PS, good organ function and no comorbidities,
the efficacy and feasibility of atezolizumab to carboplatin and
etoposide treatment for patients with SCLC with any problems
at the beginning of initial treatment have not been evaluated.
The present analysis demonstrated that treatment with atezoli-
zumab in combination with carboplatin and etoposide therapy
has a favorable effect in any untreated patients with ED-SCLC
who have problems at the start of first-line treatment. While
previous phase III trials on ICIs, such as atezolizumab and
durvalumab in combination with platinum and etoposide, have
focused on patients with a good PS (PS, 0-1) and enrolled
patients with strict eligibility criteria, such as lack of pallia-
tive radiotherapy or absence of complications of autoimmune
or interstitial lung diseases (5,16), the patients in the present
study not only had a poor PS, but were also heterogeneous

in their population characteristics (i.e., patients included those
with autoimmune diseases, elderly patients and patients who
had started concurrent radiotherapy). However, the efficacy
and safety results of this analysis suggest that the addition of
atezolizumab to carboplatin and etoposide therapy may be a
treatment option for such patients.

There are some limitations to the present analysis. Firstly,
the current study was retrospective with a small sample size.
Therefore, it is an exploratory study and cannot be definitive.
Although it does suggest a possible treatment option, further
validations are needed to evaluate the clinical efficacy and
feasibility of the findings. Secondly, the treatment strategy of
starting carboplatin and etoposide at the beginning of initial
treatment and adding atezolizumab during the treatment cycle
is largely at the discretion of the physician according to the
policy of each institution. Similarly, the physician decides
whether to reduce, delay or skip chemotherapeutic agents.
These decisions of individual physicians and institutions are
undeniably subject to selection bias, which is an inherent s of
retrospective analyses. It is necessary to interpret the present
results cautiously, as this bias may have affected the effective-
ness of the treatment.

The results of the present study demonstrate that adding
atezolizumab to carboplatin and etoposide therapy during the
treatment cycle may be a tolerable therapeutic option with
favorable efficacy for patients with SCLC with any problems at
the start of initial treatment. The present study may therefore
provide a new direction in the treatment strategy for patients
with any problems at the beginning of the initial treatment
cycle. However, this is a small retrospective study, and further
validation in clinical practice is needed.
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