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Abstract

Background: Extensive-stage small cell lung cancer (ES-SCLC) is an aggressive disease with poor survival, and
platinum-etoposide chemotherapy is indicated as the mainstay of treatment. In this study, we compared the efficacy
and safety between the cisplatin plus etoposide (EP) and carboplatin plus etoposide (EC) regimens.

Methods: A total of 1305 patients with previously untreated ES-SCLC were included in this study. Data from five trials
were collected from the public database Project Data Sphere. Survival analysis and adverse events (AEs) analysis were
conducted.

Results: Of the 1305 patients, 800 received the EC regimen whereas 505 received the EP regimen as their front-line
treatment. Overall, the median progression-free survival (PFS) and the median overall survival (OS) were 172 and

289 days, respectively. The EP and EC treatment groups did not have significantly different PFS or OS. After adjusting
for age, sex, body mass index (BMI) and Eastern Cooperative Oncology Group (ECOG) performance status (PS), the EP
regimen was independently associated with better PFS (hazard ratio [HR] =0.76, 95% Cl=0.63-0.92, p =0.0041) and
0S (HR=0.79, 95% Cl=0.64-0.97, p=0.0220) among patients who were overweight and obese (BMI > 25kg/m?). In
the safety analysis, patients who received the EC treatment experienced significantly more grade > 3 AEs (n =599,
74.9%) than those who received the EP treatment (n =337, 66.7%; p=0.002). Furthermore, the EC regimen was asso-
ciated with a higher risk of grade 3-4 neutropaenia (p=0.001), thrombocytopaenia (p <0.001) and hyponatraemia
(p=0.036), whereas the EP regimen was associated with a higher risk of grade 3-4 vomiting (p=0.021).

Conclusions: In summary, this study presented the efficacy and safety of the EC and EP regimens in patients with
ES-SCLC in the first-line setting. Patients who are overweight and obese benefit more from the EP regimen than EC
regimen. Approaches to define the optimal chemotherapy regimen in different BMI subgroups are needed.
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Introduction

Small cell lung cancer (SCLC) is an aggressive disease
accounting for approximately 15% of all newly diag-
nosed lung cancer cases, with an annual global inci-
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10-12 months for patients at the limited and extensive
stages, respectively [3].

In terms of systemic treatment for SCLC, most evi-
dence indicates the superiority of platinum-based
regimens compared to non-platinum-based ones
among de novo patients with extensive-stage small
cell lung cancer (ES-SCLC). In the 1970s, cisplatin
plus etoposide (EP) demonstrated remarkable activity
in patients with SCLC [4]. Since then, the EP regimen
has remained the chemotherapy regimen of choice for
patients with ES-SCLC. However, despite the benefits
of platinum therapy and the wide use of the EP regi-
men, concerns regarding emetogenicity, nephrotoxic-
ity, ototoxicity and dyselectrolytaemia emerged when
using cisplatin, especially among patients with base-
line impaired organ function. Although the risk of
cisplatin-induced nephrotoxicity could be decreased
through hydration, the large volume of this neces-
sary hydration causes clinical inconvenience. Moreo-
ver, the prophylactic use of high-dose dexamethasone
with cisplatin can impair the immunotherapy benefits
when combined with immune checkpoint inhibitors
as the novel standard first-line treatment. Therefore,
elucidating whether carboplatin can be substituted for
cisplatin as the first-line treatment of ES-SCLC is of
importance.

In the 1980s, Smith et al. reported that carboplatin
plus etoposide (EC) is effective in ES-SCLC, with a
response rate of 88% [5]. A randomised phase 3 trial
compared the two combinations and found no signifi-
cant difference in OS, at 12.5months in the cisplatin
arm and 11.8 months in the carboplatin arm. Addition-
ally, patients enrolled in the carboplatin—etoposide
arm had better toxicity profiles [6]. Subsequently, Oka-
moto et al. compared carboplatin (AUC =5, day 1) with
etoposide (80mg/m?, days 1-3) and cisplatin (25mg/
m?, days 1-3) with etoposide (80mg/m? days 1-3),
with the two regimens showing equivalent efficacy.
Therefore, carboplatin has been indicated as a reason-
able substitute for cisplatin in ES-SCLC [7].

Recently, a meta-analysis of 663 individual patient
data from four trials compared the efficacy of cisplatin-
and carboplatin-based chemotherapy in the first-line
treatment of patients with SCLC [8]. Although no dif-
ferences in efficacy have been identified, different tox-
icity profiles were confirmed. Notably, the treatment
schedules varied among the four trials, including the
regimen and dose, which could have resulted in clinical
heterogeneity. Moreover, with a third of these patients
being in the limited stage, thoracic radiotherapy could
have also introduced bias in the results [8]. Therefore,
to explore the efficacy and safety difference of EP and
EC, we performed the present study to analyse 1305
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patients with previously untreated ES-SCLC from five
trials using data from the Project Data Sphere.

Patients and methods

Patients

The clinical trial inclusion criteria in the present study
were as follows: clinical trials involving de novo patients
with ES-SCLC, and clinical trials with participants who
are receiving carboplatin or cisplatin in combination
with etoposide as their antitumor treatment. Trials with
systemic antitumor treatment (such as atezolizumab)
aside from platinum plus etoposide were excluded. Col-
lectively, five trials were included in the present study:
NCT00143455 (phase 3), NCT00363415 (phase 3) [9],
NCT00119613 (phase 3) [10], NCT01439568 (phase
2) [11] and NCT02499770 (phase 1b/2) [12]. Using the
Project Data Sphere (PDS; www. projectdatasphere.org)
platform, de-identified data of patients receiving plati-
num-etoposide chemotherapy were collected from the
five clinical trials for further analysis. Details of these tri-
als are provided in Table S1. Overall, 1427 patients were
included in the five trials, and the data of 1305 treatment-
naive patients with ES-SCLC were obtained from the
PDS platform. All patients received platinum plus etopo-
side treatment.

Clinical variable measures

The retrieved individual data included age at diagnosis,
gender, Eastern Cooperative Oncology Group (ECOG)
performance status (PS), body mass index (BMI) (under-
weight: BMI<18.5kg/m? normal BMIL: 18.5 to <25kg/
m?, overweight: 25 to <30kg/m? obese:>30kg/m?),
treatment regimen (EC or EP), serious adverse event
(SAE), adverse event (AE), disease status, progression-

free survival (PFS), vital status and overall survival (OS).

Statistical analysis

Pearson’s chi-square and Fisher’s exact tests were used to
compare the differences in clinicopathological character-
istics. The Kaplan—Meier method was used to calculate
survival curves, which were compared using log-rank
tests in the univariate analysis. We further identified
potential prognostic indicators using Cox proportional
hazards regression analysis. A two-sided p value <0.05
was considered significant. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated. Fisher’s exact
test was used to assess the significance of the association
between the chemotherapy regimens (EC versus EP) and
grade 1-2 and grade 3—4 AEs. Statistical analyses were
conducted using the R version 4.0.3 and SPSS 26.0.
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Results

Patient characteristics

Of the 1305 patients included, a majority were men
(n=928, 68.4%) and the median age was 62years
(range: 28-86years). ECOG PS ranged from 0 to 2, and
only 8.6% of patients had a PS score of 2. A total of 800
patients received the EC regimen, whereas 505 received
the EP regimen as their front-line treatment. The median
BMI was 25.27 kg/m? (interquartile range [IQR]: 22.22—
28.33kg/m?) with 34.6% (n=452) and 17.4% (n=227) of
patients in the range of overweight and obese, respec-
tively. The patient characteristics are listed in Table 1.

Survival analysis

After excluding four patients with missing survival
data, 1301 patients were included in the survival
analysis. Overall, the median PFS was 172days (95%
CI=167-176) whereas the median OS was 289days
(95% CI=278-303) (Fig. 1). No significant difference was
observed in the EP and EC treatment groups in terms of
survival outcomes. The median PFS was 180 and 166 days
for patients treated with the EP and EC regimens, respec-
tively (p=0.12), whereas the median OS was 297 and
286 days, respectively (p =0.67). The univariate analysis is
presented in Table S2. The multivariate analysis indicated
that female patients (HR=0.81, 95% CI=0.71-0.93,
p=0.0032) had better PFS than their male counter-
parts. Additionally, being female (HR=0.72, 95%
CI=0.62-0.83, p<0.0001) and a higher BMI (HR=0.98,
95% CI=0.96-0.99, p=0.0013) were independently
associated with longer OS, whereas higher ECOG PS
(HR=147, 95% CI=1.31-1.64, p<0.0001) was corre-
lated with worse OS (Table S3).

After adjusting for age, sex, BMI and ECOG PS, the
EP regimen was independently associated with bet-
ter PFS (hazard ratio [HR]=0.76, 95% CI=0.63-0.92,
p=0.0041) and OS (HR=0.79, 95% Cl=0.64-0.97,
p=0.0220) among patients who were overweight and
obese (BMI >25kg/m?) (Table 2). However, no significant
difference was detected in patients with BMI < 25kg/m?.

Safety analysis

Among the 1305 patients (EC: n=800, EP: n=>505)
included in this study, the AE information of 29 patients
was not available. Overall, 770 (96.2%) patients in the EC
group and 485 (96.0%) in the EP group have reported
the occurrence of grade 1-2 AEs (p =0.44), whereas 583
(72.9%) patients in the EC group and 329 (65.1%) in the
EP group have reported the occurrence of grade 3—4 AEs
(p=0.005). Patients receiving the EC treatment expe-
rienced more grade >3 AEs (=599, 74.9%) than those
receiving EP (n=2337, 66.7%; p=0.002). Moreover, 421
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Table 1 Patient characteristics
EC EP Overall
(N=800) (N=505) (N=1305)
Age
Median [min, max] 63.5([383,86.2] 60.0[28.0,780] 620 [28.0,86.2]
Missing data 6 (0.8%) 0 (0%) 6 (0.5%)
Sex
Female 266 (33.2%) 138 (27.3%) 404 (31.0%)
Male 528 (66.0%) 367 (72.7%) 895 (68.6%)
Missing data 6 (0.8%) 0 (0%) 6 (0.5%)
ECOG PS
0-1 733 (91.6%) 451 (89.3%) 1184 (90.7%)
2 62 (7.8%) 50 (9.9%) 112 (8.6%)
Missing data 5 (0.6%) 4 (0.8%) 9 (0.7%)
BMI
Underweight 31 (3.9%) 16 (3.2%) 47 (3.6%)
Normal 347 (43.4%) 228 (45.1%) 575 (44.1%)
Overweight 271 (33.9%) 181 (35.8%) 452 (34.6%)
Obese 148 (18.5%) 79 (15.6%) 227 (17.4%)
Missing data 3(0.4%) 1(0.2%) 4 (0.3%)
SAE
0 493 (61.6%) 215 (42.6%) 708 (54.3%)
1 287 (35.9%) 134 (26.5%) 421 (32.3%)
Missing data 20 (2.5%) 156 (30.9%) 176 (13.5%)
AE
1 715 (89.4%) 419 (83.0%) 1134 (86.9%)
2 716 (89.5%) 439 (86.9%) 1155 (88.5%)
3 545 (68.1%) 295 (58.4%) 840 (64.4%)
4 231 (28.9%) 148 (29.3%) 379 (29.0%)
5 70 (8.8%) 36 (7.1%) 106 (8.1%)
Missing data 20 (2.5%) 9 (1.8%) 29 (2.2%)
Highest AE®
29 (3.6%) 32 (6.3%) 61 (4.7%)
2 152 (19.0%) 127 (25.1%) 279 (21.4%)
3 322 (40.2%) 162 (32.1%) 484 (37.1%)
4 207 (25.9%) 139 (27.5%) 346 (26.5%)
5 70 (8.8%) 36 (7.1%) 106 (8.1%)
Missing data 20 (2.5%) 9 (1.8%) 29 (2.2%)

Abbreviations: EC etoposide plus carboplatin, EP etoposide plus cisplatin, ECOG
Eastern Cooperative Oncology Group, PS performance status, BV body mass
index, SAE serious adverse event, AE adverse event

2 refers to the highest grade of adverse events in one patient

(32.3%) patients from the entire cohort have reported the
occurrence of SAEs, among whom 287 (35.9%) were in
the EC group and 134 (26.5%) were in the EP group.

In the analysis of grade 1-2 AEs, the top three AEs in the
EC group were neutropaenia (33.5%), hypertension (25.8%)
and dyspnoea (31.1%), whereas those in the EP group were
vomiting (35.8%), neutropaenia (27.9%) and thrombocy-
topaenia (12.1%). The EC regimen was associated with a
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Fig. 1 The progression-free survival (A) and overall survival (B) of patients with extensive-stage small-cell lung cancer according to the treatment
groups

Table 2 Multivariate analysis of prognostic factors for survival in overweight and obese patient with ES-SCLC

Characteristics Progression-free survival

Overall survival

HR 95%ClI p value HR 95%Cl p value
Age 1.00 0.99-1.01 0.6869 1.01 1.00-1.02 0.1479
Gender 0.86 0.71-1.04 0.1270 0.68 0.55-0385 0.0005
BMI 0.99 0.97-1.01 04396 0.97 0.95-1.00 0.0386
ECOG 0.92 0.79-1.06 0.2268 1.39 1.20-1.62 <0.0001
EP regimen 0.76 0.63-0.92 0.0041 0.79 0.64-0.97 0.0220

Abbreviations: HR hazard ratio, Cl confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, BMI body mass index, EP etoposide plus

cisplatin

higher risk of grade 1-2 haematological toxicities, includ-
ing anaemia, thrombocytopaenia, hypothyroidism, dysp-
noea, infection, hypertension and arrythmia (all p<0.001),
hyponatremia (p=0.022) and pneumonia (p=0.013),
whereas patients who underwent the EP regimen were
more prone to suffer grade 1-2 vomiting, hearing loss
and chest pain (all p<0.001). In the analysis of grade 3—4
AEs, the most commonly occurring in the EC group were
neutropaenia (41.9%), anaemia (12.2%) and thrombocyto-
paenia (11.1%), whereas neutropaenia (31.9%), infection
(10.3%) and ECOG PS deterioration (9.1%) were the most
common in the EP group. The EC regimen was associated
with a higher risk of grade 3—4 neutropaenia (p=0.001),
thrombocytopaenia ~ (p<0.001) and  hyponatremia
(p=0.036), whereas the EP regimen was associated with
a higher risk of grade 3—4 vomiting (p=0.021). Detailed
information on all AEs is presented in Table 3.

Discussion

Recently, the addition of immunotherapy to front-line
cytotoxic therapy has further improved patient survival
and is recommended as the standard treatment among

patients with ES-SCLC. Platinum (cisplatin or carbopl-
atin) plus etoposide remains the backbone chemotherapy
regimen for ES-SCLC. The prevalent model of combina-
tion therapy further highlights the importance of toler-
ability and convenience in clinical practice. The present
study aimed to investigate the efficacy and safety of EC
versus EP in the treatment of patients with ES-SCLC
patients. Based on the available data from five clinical tri-
als, we demonstrated that no significant difference exists
between the two regimens, as indicated by previous stud-
ies, and we presented the prognostic indicators of this
population. We also explored the different benefits of
both regimens in different subpopulations.

Our findings suggest that female patients had pro-
longed PFS and OS compared to male patients. In
non-small cell lung cancer, the incidence of the driver
mutation accounts for the survival difference between
male and female patients; in SCLC, this may be explained
by the prevalence of smoking. A previous meta-analysis
has shown that smoking history was closely related to
poorer survival outcomes [13]. Despite smoking status
being largely missing in the present analysis, we assumed
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Table 3 Safety profiles of grade 1-2 and 3-4 adverse events

AEs EC EP Overall p value
(N=800) (N=505) (N=1305)
Grade 1-2 AEs
Neutropaenia 268 (33.5%) 141 (27.9%) 409 (31.3%) 0.106
Anaemia 167 (20.9%) 23 (4.6%) 90 (14.6%) <0.001
Thrombocytopaenia 168 (21.0%) 61 (12.1%) 229( 7.5%) <0.001
Hyponatremia 24 (3.0%) 4 (0.8%) 28 (2.1%) 0.022
Hyperthyroidism 5 (0.6%) 0 (0%) 5 (0.4%) 0.23
Hypothyroidism 22 (2.8%) 0 (0%) 22 (1.7%) <0.001
Vomiting 162 (20.2%) 181 (35.8%) 343(26.3%) <0.001
Dyspnoea 249 (31.1%) 107 (21.2%) 356 (27.3%) <0.001
Infection 147 (18.4%) 42 (8.3%) 189 (14.5%) <0.001
Pneumonia 31 (3.9%) 6 (1.2%) 37 (2.8%) 0.013
Hearing loss 2 (0.2%) 21 (4.2%) 23 (1.8%) <0.001
Hypertension 206 (25.8%) 20 (4.0%) 226 (17.3%) <0.001
Chest pain 8 (1.0%) 45 (8.9%) 53 (4.1%) <0.001
Arrhythmia 24 (3.0%) 0 (0%) 24 (1.8%) <0.001
Thrombosis 18 (2.2%) 2 (0.4%) 20 (1.5%) 0.02
Embolism 4(0.5%) 0 (0%) 4(0.3%) 0.288
Grade 3-4 AEs
Neutropaenia 335(41.9%) 161 (31.9%) 496 (38.0%) 0.001
Anaemia 98 (12.2%) 41 (8.1%) 139 (10.7%) 0.061
Thrombocytopaenia 89 (11.1%) 26 (5.1%) 115 (8.8%) <0.001
Vomiting 1(1.4%) 19 (3.8%) 30 (2.3%) 0.021
ECOG PS deterioration (5 8%) 46 (9.1%) 92 (7.0%) 0.073
Hyponatremia 5 (4.4%) 9(1.8%) 44 (3.4%) 0.036
Infection 42 (5 2%) 52 (10.3%) 94 (7.2%) 0.003
Dyspnoea 45 (5.6%) 33 (6.5%) 78 (6.0%) 0.788
Arrhythmia 5 (0.6%) 6 (1.2%) 11 (0.8%) 0.559
Embolism 7 (0.9%) 6 (1.2%) 13 (1.0%) 0.839

Abbreviations: EC etoposide plus carboplatin, EP etoposide plus cisplatin, AE
adverse event, ECOG Eastern Cooperative Oncology Group, PS performance
status

that the survival difference based on sex could be related
to the divergence of smoking status between men and
women.

Our pooled analysis also indicated that higher BMI
was associated with longer OS. Previous studies have
explored the association between BMI and the survival
of patients with lung cancer, mainly those with non-small
cell lung cancer [14—-20], with a majority of studies indi-
cating that higher BMI is associated with improved prog-
nosis. Previous studies have also revealed that patients
who are overweight and obese at lung cancer diagno-
sis have improved OS than those with normal BMI [21,
22]. Similarly, the present study confirmed the prognos-
tic potential of BMI in patients with ES-SCLC receiving
platinum-based chemotherapy.

In the present study, we also found that patients who
are overweight and obese may derive more benefits from
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the EP regimen than the EC regimen. The pharmacody-
namics of carboplatin is highly dependent on the status
of renal function [23] and carboplatin dosing is usually
determined by creatinine clearance calculated using the
Cockcroft—Gault equation. Notably, bodyweight is one of
the variables in the Cockcroft—Gault equation and may
lead to overestimation of the carboplatin dose, which
may result in more severe AEs, higher incidence of AEs
and AE-related mortality [24]. Prospective trials compar-
ing these two regimens in patients with ES-SCLC who
are overweight and obese are therefore warranted.

Previously, it has been suggested that there is no dif-
ference in efficacy between the EP and EC regimens
in the first-line treatment of SCLC [7, 25, 26]. Accord-
ing to the COCIS Meta-Analysis of Individual Patient
Data, the median OS for cisplatin and carboplatin was
9.6 and 9.4months, respectively, which are not signifi-
cantly different [8]. Regarding the survival of both treat-
ment groups, the data in the present study is comparable
to previously reported data. Although the two regimens
share similar efficacy, they present significantly different
toxicity profiles [25]. As shown in our analysis, the EC
regimen was associated with a higher incidence of grade
1-2 and 3—-4 AEs compared to the EP regimen, especially
in terms of haematologic toxicities. The carboplatin-con-
taining regimen was also correlated with more adverse
impacts on the thyroid, which caused higher incidences
of grade 1-2 hypothyroidism, and on pulmonary func-
tion, which caused higher incidences of grade 1-2 dysp-
noea and pneumonia. However, the cisplatin-containing
regimen was associated with adverse gastrointestinal
effects and neurotoxicity. Recently, immunotherapy has
been recommended in combination with chemotherapy
in the front-line setting for patients with ES-SCLC [27,
28]. The consideration of the combined toxicity can help
us determine the optimal combination for each patient.
In the present study, the carboplatin-containing regi-
men was associated with a higher incidence of thyroid
and pulmonary toxicity. Therefore, for patients with co-
morbidities that include chronic pulmonary disease and
thyroid disease, the incidence of immune-related pneu-
monitis and thyroid disease should be evaluated when
choosing chemotherapy plus immunotherapy.

Despite our large sample size, there are several limi-
tations to this study. First, the retrospective nature and
missing detailed information may have introduced diffi-
culties and bias in the analysis. Additionally, treatment-
related AEs and AE-related deaths were not analysed
owing to the unavailability of the data. Finally, the results
of the present study could be influenced by potential con-
founding owing to the participants’ primary tumour loca-
tion, metastasis and baseline overall health. Owing to the
unbalanced distribution in age and ECOG PS between
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the two regimens, we had adjusted for these factors in
the multivariate analysis to make our analysis as robust as
possible. Prospective studies to investigate the dose regi-
men and intensity during front-line treatment of patients
with ES-SCLC in different BMI subgroups are warranted.

Conclusion

This pooled analysis presented the comparable efficacy
and differential safety profile of EC and EP regimens. EP
regimen offered more survival benefit in patients with
ES-SCLC who are overweight and obese. Further inves-
tigations are warranted to define the optimal treatment
approach in different BMI subgroups.
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