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Post-progression survival after atezolizumab plus carboplatin
and etoposide as first-line chemotherapy in small cell lung cancer
has a significant impact on overall survival
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Abstract
Background: The effect of first-line chemotherapy on overall survival (OS) may be
significantly influenced by subsequent therapy for patients with extensive disease
small cell lung cancer (ED-SCLC). Therefore, we evaluated the relationship between
progression-free survival (PFS), post-progression survival (PPS), and OS of ED-SCLC
patients treated with atezolizumab plus carboplatin and etoposide as first-line therapy.
Methods: We analyzed the data of 57 patients with relapsed ED-SCLC treated with
atezolizumab plus carboplatin and etoposide (AteCE) as first-line chemotherapy
between August 2019 and September 2020. The respective correlations between PFS-
OS and PPS-OS following first-line AteCE treatment were examined at the individual
patient level.
Results: Spearman’s rank correlation analysis and linear regression analysis showed
that PPS strongly correlated with OS (r = 0.93, p < 0.05, R2 = 0.85) and that PFS
moderately correlated with OS (r = 0.55, p < 0.05, R2 = 0.28). Performance status at
relapse (0–1/≥2), number of cycles of atezolizumab maintenance therapy (<3/≥3), and
platinum rechallenge chemotherapy all significantly positively correlated with
PPS (p < 0.05).
Conclusions: Upon comparing OS-PFS and OS-PPS in this patient population, OS
and PPS were found to have a stronger correlation. These results suggest that perfor-
mance status at relapse, atezolizumab maintenance, or chemotherapy rechallenge
could affect PPS.
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INTRODUCTION

Lung cancer is the most common cause of cancer death
worldwide.1 Small cell lung cancer (SCLC) is characterized
by exponentially progressive disease and distant metastasisKen Masubuchi and Hisao Imai contributed equally to this work.
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and accounts for 10%–15% of all lung malignancies.2

Approximately 70% of SCLC cases will have already reached
the extensive disease (ED) stage, a stage related to poor
prognosis, at initial diagnosis.3 Cytotoxic drug treatment
can palliate and improve short-term survival of most
patients with ED-SCLC, but long-term survival is poor.4,5

Until just a few years ago, when immune checkpoint inhibi-
tors (ICIs) were introduced into the treatment of SCLC, one
of the standard first-line treatments for patients with ED-
SCLC was combination chemotherapy with platinum and
etoposide. The median survival duration with platinum and
etoposide combination chemotherapy was approximately
10 months, and no significant overall survival
(OS) extension has been demonstrated for more than two
decades.6,7 ED-SCLC is a malignant disease with a docu-
mented objective response rate (ORR) for first-line treat-
ment of 44%–78%, median progression-free survival (PFS)
of 4.3–5.7 months, median OS of 7.5–10.9 months, and
5-year survival rate of only 2.8%.7,8 As shown in the results
of the IMpower133 and CASPIAN studies, since the recent
adoption of ICIs, the survival of patients with ED-SCLC has
improved.9,10 Thus, we evaluated patient outcomes for those
who received atezolizumab plus carboplatin and etoposide
(AteCE) as first-line therapy because it is now regarded
as one of the standard treatment choices for patients with
ED-SCLC. OS is typically short, and treatment strategies are
scarce for ED-SCLC patients.

Both PFS and OS are widely used endpoints in oncology
clinical trials to assess survival; OS is a reliable, accurate
measure and has the advantage of being easily calculated by
describing the date of death. The influence of front-line
therapy on OS might be influenced by various treatment
strategies.11 Conversely, PFS is easier to assess earlier than
OS because its components are chronologically before those
of OS.12 If there is a strong, significant relationship between
PFS and OS, PFS may be an alternative indicator for OS. In
non-small-cell lung cancer (NSCLC), prolonged PFS does
not necessarily translate to prolonged OS,13 but post-
progression survival (PPS) is highly correlated with OS
beyond first-line treatment.14,15 Several studies with
individual-level analysis have reported that PPS after first-
line treatment is strongly correlated with OS in metastatic
NSCLC.16–18 Moreover, OS is represented by the summation
of PFS and PPS.11 A strong correlation between PPS and OS
following treatment with carboplatin and etoposide as first-
line chemotherapy for patients with ED-SCLC has been pre-
viously reported based on individual-level data.19 However,
since ICIs have only recently been administered to ED-
SCLC patients, the correlation between PPS and OS in the
context of ICI treatment is yet to be elucidated. In addition,
the impact of PPS in patients with ED-SCLC treated with
AteCE remains unknown. Thus, there is a need to analyze
the correlations between PFS-OS and PPS-OS beyond first-
line AteCE for patients with ED-SCLC using individual-
level data.

This study aimed to retrospectively assess the correlation
between both PFS and PPS with OS in patients with ED-

SCLC treated with AteCE. The patients included in our
study were a population with limited subsequent treatment
choices. We also assessed the clinical factors of patient char-
acteristics for PPS.

METHODS

Patients

Between August 2019 and September 2020, 57 patients
with ED-SCLC were retrospectively enrolled in our study
at nine Japanese institutions. Eligibility criteria were as fol-
lows: cytologic or histologic SCLC diagnosis, inoperable
stage III/IV or postoperative recurrence disease at first-line
therapy, first-line treatment with AteCE, and clinical
assessment of disease progression since first-line AteCE
chemotherapy initiation. Figure 1 shows how the patients
were selected. Before receiving therapy, all patients under-
went systematic evaluation and standardized staging proce-
dures. The clinical stage was assigned based on the results
of physical examination, chest radiography, thoracic and
abdominal computed tomography (CT), brain magnetic
resonance imaging or CT, and bone scintigraphy or 18F-
fluorodeoxyglucose positron emission tomography to
assess the tumor-node-metastasis (TNM) stage. Clinical
stage III/IV SCLC was evaluated per the Union for Interna-
tional Cancer Control TNM classification, eighth edition.
Data were extracted from the medical charts of eligible
patients. The data of the patients who were treated with
AteCE were collected as previously described.20 This study
protocol was approved by the Institutional Review
Board of International Medical Center, Saitama Medical
University (no. 2021–113). All procedures complied with
the ethical standards of the institutional and/or national
research committee and with the 1964 Declaration of
Helsinki and its subsequent amendments, or comparable
ethical standards. Because of the retrospective nature of
this study, the informed consent requirement was waived.

Treatments

All patients had not previously received AteCE combi-
nation therapy, and the basic treatment regimen com-
prised atezolizumab (fixed dose 1200 mg intravenously
on day 1 of each cycle), carboplatin (area under the curve
4–5 min mg/ml intravenously on day 1 of each cycle),
and etoposide (body surface area 80–100 mg/m2 intra-
venously on days 1–3 of each cycle) for up to four
cycles, followed by maintenance atezolizumab adminis-
tration every 21 days. Granulocyte colony-stimulating
factor was administered at the discretion of the attending
physician as neutropenia prophylaxis. Treatment was
ended if the disease progressed, if unacceptable adverse
events occurred, or if the patient withdrew consent to
treatment.
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Assessment of treatment efficacy

Radiographic treatment responses were assessed according
to the best overall response and maximum tumor reduction
based on RECIST version 1.1.21 Treatment responses were
evaluated as complete response (CR), partial response (PR),
stable disease (SD), progressive disease (PD), or not evalu-
ated. If PD was observed, patients who failed treatment were
administered subsequent treatment if they wished, including
the continuation of atezolizumab maintenance administra-
tion. PFS was calculated as the period from the start of
AteCE administration until PD or death due to any cause.
PPS was calculated as the period from PD to death for
AteCE treatment, or censored cases in which no death event
occurred within the observation period were censored on
the date of the last visit or follow-up. OS was calculated as
the period from the first day of AteCE administration to
death, or censored cases in which no death event occurred
within the observation period were censored at the date of
the last visit or follow-up.

Treatment-free interval

Since treatment-free interval (TFI) has been reported to be a
predictor of second-line treatment,22,23 analysis was per-
formed by classifying patients according to TFI. TFI was
defined as the duration from the date of completion of first-
line chemotherapy to the first recurrence. In many cancer
studies, SCLC patients—with a TFI of ≥90 days—who
relapsed were classified as those with sensitive relapses. In
our study, patients who responded to first-line anticancer
treatment and relapsed ≥90 days beyond cytotoxic drug
therapy were classified as having sensitive relapses, while
patients who did not respond to first-line cytotoxic drug

treatment or relapsed <90 days since treatment completion
were classified as having refractory relapses.

Statistical analysis

Survival curves were drawn according to the Kaplan–Meier
method, and PPS values were compared using the log-rank
test. Spearman’s rank correlation analysis and linear regres-
sion analysis were used to analyze and evaluate correlations.
For univariable and multivariable prognostic assessment of
the potential clinical factors for PPS, we applied the Cox
proportional hazards model with a stepwise regression pro-
cedure. Hazard ratios (HR) and 95% confidence intervals
(CI) were estimated. Statistically significant differences were
determined using a two-tailed p-value of <0.05. JMP version
11.0 for Windows (SAS Institute) was used for all statistical
analyses in this study.

RESULTS

Patient backgrounds and therapeutic
effectiveness

Patient characteristics are shown in Table 1. Among the
57 patients (median age, 70 years; range, 43–86 years)
included in our investigation, during a median follow-up
period of 12.9 (range, 2.1–24.4) months, 40 patients died.
Regarding treatment response, CR, PR, SD, and PD were
achieved in four, 37, 10, and six patients (shown in
Table A), respectively. ORR was 71.9% (95% CI: 59.0–81.9),
and the disease control rate was 89.4% (95% CI: 78.5–95.4).
Regarding survival benefit, the median PFS and OS were 5.0
and 15.2 months, respectively (Figure 2a,b). Among the

F I G U R E 1 Diagram showing patient selection.
Patients treated with atezolizumab plus carboplatin
and etoposide between August 2019 and September
2020. CE, carboplatin and etoposide
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57 patients who developed relapse beyond AteCE combina-
tion therapy, 14 did not receive further subsequent antican-
cer drug treatment. Of the 57 patients, the median number
of subsequent chemotherapeutic treatments administered
following PD after the first-line treatment was one (range,
0–6 regimens). The chemotherapeutic treatments adminis-
tered in patients who developed relapse following AteCE
combination therapy are listed in Table 2. Amrubicin mono-
therapy was most frequently used for second-line treatment,
and topotecan monotherapy was most frequently used for
third-line treatment. One patient was still receiving four

T A B L E 1 Patient characteristics

Characteristic N = 57

Sex

Male/female 48/9

Age (years)

Median 70

Range 43–86

ECOG-PS

0/1/2/3/4 11/39/5/2/0

Smoking status

Yes/No 54/3

Histology

Small cell carcinoma/combined small cell carcinoma 56/1

Disease stage

III/IV/postoperative recurrence 1/54/2

History of postoperative adjuvant chemotherapy

Yes/No 1/56

Intracranial metastases at initial treatment

Yes/No 16/41

Liver metastases at initial treatment

Yes/No 13/44

Bone metastases at initial treatment

Yes/No 23/34

Number of cycles of carboplatin + etoposide +
atezolizumab administered

Median 4

Range 1–4

Number of cycles of atezolizumab maintenance therapy
administered

Median 2

Range 0–12

Starting dose

CBDCA (AUC 5) + etoposide (100 mg/m2) 43

CBDCA (AUC 5) + etoposide (80–99 mg/m2) 6

CBDCA (AUC 5) + etoposide (<80 mg/m2) 1

CBDCA (AUC 4) + etoposide (80 mg/m2) 7

With or without G-CSF prophylaxis

Yes/No 26/31

Prior radiotherapy

Yes/No 3/54

Type of relapse

Sensitive/refractory 21/36

Reason for discontinuation of carboplatin + etoposide +
atezolizumab administrationa

Progressive disease 7

Adverse events 2

Patient’s refusal 1

Immune-related adverse events

Yes/No 10/47

Steroid treatment for adverse eventsb

(Continues)

TAB L E 1 (Continued)

Characteristic N = 57

Yes/No 4/53

Median follow-up period (months) (range) 12.9 (2.1–
24.4)

Abbreviations: AUC, area under the curve; CBDCA, carboplatin; ECOG-PS, Eastern
Cooperative Oncology Group-Performance Status; G-CSF, granulocyte colony-
stimulating factor.
aExcluding atezolizumab maintenance therapy.
bExcluding topical agents.

F I G UR E 2 (a) Kaplan–Meier curves of progression-free survival
(PFS). Median progression-free survival: 5.0 months. (b) Kaplan–Meier
curves of overall survival (OS). Median overall survival: 15.2 months
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cycles of maintenance atezolizumab at the data cutoff for
beyond PD. The patient was allowed beyond PD continua-
tion of atezolizumab because of slow progression.

Correlations between PFS-OS and PPS-OS

The correlations between PFS-OS and PPS-OS are demon-
strated in Figure 3a,b, respectively. Specifically, Spearman’s
rank correlation coefficient and linear regression revealed
that PPS was highly correlated with OS (r = 0.93, p < 0.05,
R2 = 0.85), whereas PFS was only moderately correlated
with OS (r = 0.55, p < 0.05, R2 = 0.28). On the other hand,
as shown in Figure S1, Spearman’s rank correlation coeffi-
cient and linear regression revealed a low correlation
between PFS and PPS (r = 0.27, p = 0.03, R2 = 0.03). The
duration of PFS and PPS in the entire population is shown
in a swimmer plot graph (Figure 4).

Clinical factors influencing PPS

In our analysis, PPS was significantly and strongly correlated
with OS. We evaluated correlations with various clinical fac-
tors to explore the factors affecting PPS. As shown in
Table 3, according to univariate analysis, performance status
(PS) at relapse, number of atezolizumab maintenance ther-
apy cycles, administration of platinum rechallenge chemo-
therapy, administration of amrubicin monotherapy,
administration of topotecan monotherapy, and administra-
tion of irinotecan monotherapy were all positively correlated
with PPS (p < 0.05). Furthermore, according to multivariate
analysis of PPS (Table 3), ECOG-PS at relapse, number of
cycles of atezolizumab maintenance therapy, and adminis-
tration of platinum rechallenge chemotherapy were statisti-
cally correlated with PPS (p < 0.05). We verified that
PPS was significantly related to ECOG-PS at relapse,
number of atezolizumab maintenance therapy cycles, and
administration of platinum rechallenge by the log-rank test
(p < 0.05; Figure 5a–c). Based on the PS at relapse, patients
with PS 0–1 showed a median PPS of 11.3 months, which
was longer than that of those with a poor PS (PS ≥2; PPS,
2.3 months) (log-rank test, p = 0.0002; Figure 5a). Patients
with ≥3 cycles of atezolizumab maintenance therapy had a
PPS of 13.1 months, which was longer than that of patients

T A B L E 2 Chemotherapy regimens administered following disease progression after first-line chemotherapy

Second-line Third-line Fourth-line ≥Fifth-line Totala

Amrubicin 34 3 1 0 38

Topotecan 1 11 2 1 15

Irinotecan 1 3 3 1 8

CBDCA + etoposide 4 1 1 1 7

CDDP + irinotecan 2 0 0 1 3

CBDCA + paclitaxel 0 0 1 2 3

Others 0 1 0 1 2

Beyond atezolizumab 1 - - -

Best supportive care 14 - - -

Abbreviation: CBDCA, carboplatin; CDDP, cisplatin.
aTotal number of patients.

F I G U R E 3 (a) Correlation between overall survival (OS) and
progression-free survival (PFS). (b) Correlation between overall survival
(OS) and post-progression survival (PPS)
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with cycles with shorter administration times; patients with
cycles of atezolizumab maintenance therapy administered
over a period <3 months had a PPS of 5.4 months (log-rank
test, p = 0.02; Figure 5b). Although the median PPS for
patients receiving platinum rechallenge chemotherapy was
not reached because of the lack of mortality events in more
than half of the patients, it is clearly longer than the median
PPS of 6.0 months for patients who did not receive rechal-
lenge chemotherapy (log-rank test, p = 0.017; Figure 5c).
These results are consistent with those of the adjusted Cox
proportional hazards models (Table 3).

DISCUSSION

In patients with ED-SCLC, AteCE was administered as first-
line treatment, and the associations between OS-PFS and
OS-PPS were examined at the individual patient level.
Spearman’s rank correlation coefficient and linear regression
analysis demonstrated that PPS was strongly correlated with
OS, while PFS was moderately correlated with OS. In addi-
tion, PS at relapse (0–1/≥2), the number of cycles of atezoli-
zumab maintenance therapy (<3/≥3), and the platinum
rechallenge chemotherapy independently influenced PPS.
This is the first analysis of PPS and its associated influencing
factors after first-line chemotherapy with ICI plus cytotoxic
agents in individual-level ED-SCLC patients.

Biostatisticians previously described various methods
for assessing the validity of alternative endpoints.24,25

In ED-SCLC patients, PFS has been reported to correlate
with OS and may be a surrogate endpoint for survival
efficacy,26,27 but its adequacy remains controversial. One
report discusses PPS (= OS minus PFS) in a hypothetical
clinical trial setting, assuming that treatment affects PFS but
not PPS.11 Several studies found that PPS following first-line
chemotherapy for advanced NSCLC at the clinical trial level
is strongly correlated with OS;14,15 similar studies examined
the impact of PPS in ED-SCLC and advanced NSCLC based
on individual patient-level analysis of the strong correlation
between OS and PPS.16–19,28,29

In contrast to the previous reports,26,27 we found that
PFS does not necessarily reflect OS in patients with
ED-SCLC treated with AteCE, but rather that PPS strongly
influences OS. The results show that PFS is shorter than
PPS, PPS influences OS intimately, and the relationship is
linear. The close association of PPS with OS means that the
PFS associated with first-line AteCE therapy, an important
component of OS, does not necessarily have a strong impact
on OS; prolonged PPS leads to dilution of the significance of
PFS of first-line therapy on overall OS. Undoubtedly, for
cancers with poor prognoses, for example, ED-SCLC, OS
should be adopted as the primary efficacy endpoint for any
line of treatment, whether first-, second-, or subsequent line
treatment. Analysis of PFS and PPS of ED-SCLC and com-
parison of the relationship between PFS-OS and PPS-OS
shows that, unlike in other solid tumors for which long-lived
and effective treatments exist, the important clinical signifi-
cance of focusing on prolonging first-line PFS in ED-SCLC

F I G U R E 4 Progression-free survival (PFS) and post-progression survival (PPS) in the entire population
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in the study design may not be absolutely high. Therefore,
clinical trials for aggressive diseases, for example, ED-SCLC,
which include patients who are expected to have a short PFS
upon first-line treatment, should focus on and control fac-
tors that affect PPS. Additionally, PPS is longer than PFS,
and PPS needs death events, which makes PPS less useful
for prognostication in clinical settings. However, PPS has
clinical significance in that subsequent treatment after dis-
ease progression following front-line treatment may have a
significant impact on OS and control of subsequent treat-
ment may lead to improved OS.

A PPS-related analysis of individual ED-SCLC patients
treated with first-line cisplatin and irinotecan treatment
reported that a longer PPS was correlated with tumor
response to second-line chemotherapy and the number of
chemotherapeutic regimens administered following PD after

first-line treatment.28 An analysis of individual ED-SCLC
patients treated with carboplatin and etoposide treatment as
first-line chemotherapy reported that a longer PPS was cor-
related with both the sensitive relapse and number of che-
motherapeutic regimens administered after PD following
first-line treatment.19 Currently, the clinical factors affecting
PPS in patients with ED-SCLC receiving ICI plus platinum
and etoposide as first-line treatment are not clear. Thus, we
identified clinical factors affecting PPS at the individual level
regarding ED-SCLC patients treated with AteCE combina-
tion therapy. Our analysis found that the PS at relapse (0–1/
≥2), number of atezolizumab maintenance therapy cycles
(<3/≥3), and the platinum rechallenge chemotherapy were
highly correlated with PPS in ED-SCLC patients treated
with AteCE. We additionally analyzed the correlations of
these factors with the log-rank test. The results indicate that

T A B L E 3 Univariate and multivariate Cox regression analysis of patient characteristics for post-progression survival

Post-progression survival

Median PPS Univariate analysis Multivariate analysis

Factors (months) HR 95% CI p-value HR 95% CI p-value

Sex

Male/female 7.5/6.4 0.89 0.39–2.37 0.80

Age at relapse

<75/≥75 6.1/10.4 1.24 0.61–2.80 0.55

PS at relapse

0–1/≥2 11.3/2.3 0.20 0.09–0.44 0.0002* 0.28 0.11–0.71 0.0079*

Response of atezolizumab plus carboplatin and etoposide

PR/non-PR 7.5/3.5 0.55 0.28–1.10 0.09

Type of relapse

Sensitive/refractory 11.3/5.5 0.61 0.30–1.16 0.14

Number of cycles of atezolizumab maintenance therapy

<3/≥3 5.4/13.1 2.24 1.18–4.44 0.0134* 2.35 1.22–4.71 0.0103*

Intracranial metastases

Yes/No 9.7/5.7 0.87 0.42–1.68 0.70

Liver metastases

Yes/No 5.4/9.7 1.46 0.65–2.98 0.33

Bone metastases

Yes/No 7.4/6.4 0.82 0.42–1.55 0.55

Immune-related adverse events of atezolizumab plus
carboplatin and etoposide

Yes/No 13.3/6.4 0.51 0.17–1.20 0.13

Administration of platinum rechallenge

Yes/No NR/6.0 0.24 0.05–0.68 0.0048* 0.26 0.06–0.79 0.0152*

Administration of amrubicin

Yes/No 11.3/2.4 0.42 0.22–0.81 0.0115* 0.93 0.39–2.24 0.86

Administration of topotecan

Yes/No 13.1/5.5 0.41 0.18–0.84 0.0141* 0.74 0.29–1.76 0.50

Administration of irinotecan

Yes/No 13.3/6.0 0.40 0.13–0.95 0.0387* 0.60 0.19–1.56 0.31

Abbreviations: CI, confidence interval; HR, hazard ratio; PPS, post-progression survival; PR, partial response; NR, not reported; PS, performance status.
*Statistically significant p < 0.05.
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good PS at relapse is associated with prolonged PPS after
PD following first-line AteCE treatment. Furthermore, there
is a high possibility that anticancer drug therapy after

first-line treatment relapse can continue, and it is possible
to extend PPS, which, in turn, may contribute to longer
OS. The results of the current analysis confirm that
ECOG-PS is a strong prognostic factor, as previously
reported,30 suggesting that our study patients reflect the
general patient cohort. Our analysis revealed that the com-
monly reported relapse pattern, sensitive or refractory
relapse, is not an independent prognostic factor for PPS.
However, patients treated with more cycles of atezolizumab
maintenance therapy (≥3) have longer PPS. With regard to
the results of the IMpower133 trial,9 AteCE treatment is
associated with a longer duration of durable response to the
additional effect of atezolizumab, which may inevitably lead
to a longer PPS since more cycles of atezolizumab mainte-
nance therapy are required. Before the introduction of ICIs,
patients with SCLC who responded to initial chemotherapy
and had a long interval period between the end of initial
therapy and relapse (usually 60–90 days or more) were often
classified by relapse timing as “sensitive relapse” and those
with a shorter interval as “refractory relapse.” Patients with
sensitive relapse had better efficacy to cytotoxic drug treat-
ment at relapse and had longer survival.31,32 However, the
criteria for sensitive or refractory relapse after ICI treatment
may need to be re-examined per the situation in the current
ICI era. In the future, the number of ICI administrations
may replace the relapse pattern in determining treatment
response. Furthermore, platinum rechallenge chemotherapy
results in the extension of PPS. A phase III study
(GFPC01-13) comparing oral topotecan alone with carbo-
platin and etoposide (platinum rechallenge chemotherapy)
in patients with sensitive relapse following treatment with
platinum and etoposide combination chemotherapy
reported that the primary endpoint, PFS, was significantly
longer in the carboplatin and etoposide group (median: 4.7
vs. 2.7 months, HR: 0.57).33 Although the study did not
include ICIs as the first-line platinum-based combination
chemotherapy, our results indicate that platinum rechal-
lenge chemotherapy is an independent prognostic factor for
PPS after AteCE, and could be a treatment option. In the
study of patients with ED-SCLC treated with first-line car-
boplatin and etoposide combination chemotherapy as previ-
ously described,19 a longer PPS was correlated with the
pattern of relapse, sensitive or refractory relapse, and the
number of chemotherapeutic regimens administered follow-
ing PD after the first-line treatment. However, the type of
relapse was not associated with AteCE treatment, and the
number of cycles of atezolizumab maintenance therapy was
identified as a prognostic value of clinical factors for PPS.
The number of chemotherapeutic regimens administered
following PD was not included as a factor in our analysis,
but the number of atezolizumab maintenance therapy cycles
and subsequent therapy regimens was analyzed; platinum
rechallenge chemotherapy was identified as an independent
prognostic factor for PPS. Although the number of regimens
administered after disease progression may increase in cor-
relation with a longer PPS, patients with good PS might
have been selected for platinum rechallenge chemotherapy,

F I G U R E 5 (a) Kaplan–Meier curves of post-progression survival
(PPS), according to the performance status (PS) at relapse. PS 0–1,
median = 11.3 months; PS ≥2, median = 2.3 months. (b) Kaplan–Meier
curves of post-progression survival (PPS), according to number of cycles of
atezolizumab maintenance therapy. Number of cycles of atezolizumab
maintenance therapy ≥3, median = 13.1 months; number of cycles of
atezolizumab maintenance therapy <3, median = 5.4 months. (c) Kaplan–
Meier curves of post-progression survival (PPS), according to
administration of platinum rechallenge chemotherapy. Platinum
rechallenge chemotherapy, median = not reached; no platinum rechallenge
chemotherapy, median = 6.0 months
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resulting in a greater number of regimens administered after
disease progression. A recent review found that the clinical
benefit of ICIs is limited to patients with NSCLC who have
a favorable PS, which supports this hypothesis.34 Consider-
ing our results in terms of prognostic factors related to PPS,
the patient’s ability to withstand a greater number of cycles
of atezolizumab maintenance therapy and platinum rechal-
lenge chemotherapy may be associated with a better PS.

Biomarkers reported for ICIs, such as tumor mutation
burden and programmed death-ligand 1 (PD-L1) protein
expression, are not useful for identifying SCLC patients who
will benefit from AteCE combination chemotherapy.35 Like-
wise, biomarkers that are practical and actionable for selecting
optimal drug therapy in clinical practice are not currently in
clinical application. The lack of biomarkers of ICI in SCLC
and the limitations of PD-L1 immunohistochemical analysis
indicate the importance and need for research to further eval-
uate uncharacterized biomarkers of ICI therapy in SCLC and
their association with clinical outcomes.

Our study had some limitations. First, it was a retrospec-
tive analysis with a relatively small number of eligible
patients. Because different physicians recorded tumor
responses, it may be more accurate for future analyses if the
assessments of disease progression and tumor response rate
are recorded by a single attending physician. Although bias
may exist, and the inherent limitations of a retrospective
study, the findings can still be considered meaningful.
Second, therapy with anticancer drugs was at the discretion
of the treating physician; hence, treatment may have been
reduced, skipped, or delayed. To minimize such bias, all
consecutive patients treated at participating institutions were
enrolled in the study, and their clinical records were com-
prehensively examined. Third, the patient information
included cases with censored survival data. However, the
existence of censored data should not influence our conclu-
sions. If the patient did not die during the follow-up time,
the duration of PFS was unchanged; PPS and OS became
longer, and PPS was accordingly even more strongly corre-
lated with OS.

In conclusion, ED-SCLC patients treated with AteCE che-
motherapy as first-line treatment display a greater influence
of PPS on OS than that of PFS on OS. Additionally, atezolizu-
mab maintenance or chemotherapy rechallenge could affect
PPS. However, larger-scale studies in other patient cohorts
and clinical settings are necessary to verify our conclusions.
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