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Introduction 

In recent years, the incidence and mortality rates of lung 
cancer have been increasing. Small cell lung cancer (SCLC) 
accounts for about 15% of all lung cancers, and is highly 
invasive and fatal due to its rapid growth, abundant stem 
cells, and gene instability (1). Moreover, at the time of 
diagnosis, most of the patients are in the extensive stage 

(when tumor cells have spread beyond the supraclavicular 
region), and for these patients, the 5-year survival rate is 
less than 2% (2,3). Due to the slow progress of research and 
the entry stage of treatment, effective follow-up treatment 
for SCLC patients is particularly urgent. Etoposide plus 
cisplatin (EP) chemotherapy is the standard treatment for 
extensive stage disease (ED) SCLC. Although the response 
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rate is high, most of the cases recur within one year. 
Chemotherapy drugs such as irinotecan, cyclophosphamide, 
adriamycin, and vincristine (CAV) have been used as second-
line therapy, but have only produced minor effects (4).  
With increased research into surgery, radiotherapy, 
chemotherapy, and targeted therapy, the emergence 
of immunotherapy may become a new pillar of cancer 
treatment (5). In some international randomized controlled 
trials (RCTs), immunotherapy has been shown to be a safe 
and effective strategy to restore the antineoplastic activity of 
T lymphocytes at key immune checkpoints, and can be used 
in patients with advanced or metastatic malignancies (6-10).

At present, immune checkpoint inhibitors stand out from 
many anti-tumor research, and have made breakthrough 
progress, and change the clinical practice, with epoch-
making significance. The research on SCLC immune 
checkpoint inhibitors mainly focuses on CTLA-4 inhibitors 
and PD-1/PD-L1 inhibitors (11). As a negative regulator 
of T cell activation expressed on the surface of T cells, the 
cytotoxic T-lymphocyte-associated 4 (CTLA-4) protein 
competitively inhibits T cell activation with cluster of 
differentiation 28 (CD28). The combination of CTLA-4 
inhibitors and CTLA-4 blocks the interaction between the 
latter and its ligand (CD80/CD86), which could block the 
negative regulatory signal of CTLA-4, and thereby enhance 
the antineoplastic activity of T cells (12). The interaction 
after the binding of programmed cell death protein 1 (PD-1) 
and its ligand (PD-L1 or PD-L2) in the host tissue inhibits 
T cell receptor (TCR) signals. This leads to functional 
impairment of the effectors in CD4+ and CD8+ T cells, 
limits the interaction between T cells and target cells, and 
inactivates T cells and inhibits their proliferative ability 
(13-15). PD-1/PD-L1 inhibitors can block this negative 
regulatory signal, activate CD8+ T cells (TEX) with low 
function, and restore their anti-tumor function, thereby 
enhancing the immune response (16).

Keynote-028 study showed that pembrolizumab had 
good anticancer activity in PD-L1 positive patients with 
extensive SCLC, and the objective remission rate could 
reach 33%. The national comprehensive cancer network 
(NCCN) guidelines recommend ipilimumab and nivolumab 
for refractory patients (category 2a) who have been treated 
for less than 6 months from treatment to recurrence (17).  
An open, randomized, phase III study of nivolumab 
controlled chemotherapy for relapsed SCLC after first-
line platinum containing chemotherapy regimen is under 
way in the ongoing phase III clinical trial, and the phase 
III study of PD-L1 inhibitor atezolizumab + carboplatin 

+ etoposide in the treatment of extensive stage SCLC 
is under way. These results will establish the status of 
immunotherapy in the combination therapy of ES-SCLC, 
and search for biomarkers that can predict the benefits from 
immunotherapy, which will promote the development of 
this field. 

In the aspect of small cell lung cancer, there are 
few studies on the single immunotherapy, combined 
chemotherapy and chemotherapy alone, and there are more 
disputes about the effectiveness and safety of combined 
treatment, which needs meta-analysis and statistical 
analysis. This study aims to compare several international 
large-scale randomized controlled trials (RCTs) related 
to immunotherapy combined with chemotherapy, and 
analyze whether the effectiveness and safety are statistically 
significant, so as to provide treatment reference for readers. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2011).

Methods

Data and methods

Inclusion criteria
(I) Studies involving patients diagnosed as ED SCLC 
by pathology and cytology; (II) clinical trials published 
comparing ICIs and chemotherapy for the treatment of ED 
SCLC; (III) randomized controlled trials (RCTs) in phase II 
or III; (IV) studies exploring more than one main outcome 
index: overall survival (OS), progression-free survival (PFS), 
or objective response rate (ORR).

Exclusion criteria
(I) Studies involving patients that received anti-tumor 
immunotherapy before joining the clinical trial; (II) Studies 
involving treatment measures such as combined irradiation, 
molecular targeted therapy, or other ICI treatment; (III) 
Republished clinical research; (IV) Research with incomplete 
data or where we were unable to extract the relevant data.

Retrieval strategies
We performed a comprehensive literature search on 
the PubMed, Embase, and Cochrane Library databases, 
covering all articles published on these databases up to 
March 1st, 2020. Our key word search terms involved a 
combination of subject and free words, including Small Cell 
Lung Cancer, Oat Cell Lung Cancer, Small Cell Cancer 
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of The Lung, Carcinoma, Small Cell Lung, Anti CTLA-4  
Mab Ipilimumab, MDX-CTLA-4, pembrolizumab, 
SCH-900475, Keytruda, MK-3475, Lambrolizumab, 
Atezolizumab, anti-PDL1, MPDL3280A, Tecentriq, 
RG7446, Durvalumab, MEDI4736, Imfinzi, Nivolumab, 
Opdivo, ONO-4538, MDX-1106, BMS936558, CD279 
Antigen, PD1 Receptor, Programmed Cell Death 1 
Protein, B7 H1 Antigen, CD274 Antigen, B7H1 Immune 
Costimulatory Protein, etc.

Quality evaluation of included literature
Two reviewers independently screened the literature and 
evaluated the quality and bias of the included studies 
according to the standards recommended by the Cochrane 
manual. The main evaluation methods are shown in Table 1.

Statistical methods

RevMan 5.3 software was used to statistically analyze 
the data. Hazard ratios (HR) or relative risks (RR) were 
used as the effect indexes for comparison between the 
immunotherapy and chemotherapy groups. Point estimates 
and 95% confidence intervals (CI) of each effect size were 
given. We tested the statistical heterogeneity of the included 
studies using the I2 statistic. Studies were considered to 
show no statistical heterogeneity if P>0.10 and I2<50%, 
and a fixed effects model was used for combined analysis. 
However, P≤0.10 or I2≥50% indicated a statistical 
heterogeneity among the studies, and a random effects 
model was employed. Significant clinical heterogeneity was 
examined by subgroup, sensitivity, or descriptive analysis. 
Differences were statistically significant at P<0.05.

Results

Literature screening results

A total of 2,282 articles were initially screened. These 

articles were examined further by reading the titles and 
abstracts. Finally, four clinical RCTs in phase II or III were 
included in the meta-analysis (Figure 1).

Basic information of the included studies

A total of four RCTs involving 1,981 patients with ED 
SCLC were selected for our meta-analysis, including 
989 cases in the immunotherapy group and 992 cases in 
the chemotherapy group. The basic information of the 
included studies are shown in Table 2. Briefly, Horn et al. (18)  
is a RCT comparing atezolizumab and chemotherapy; 
Paz-Ares et al. (19) included two subgroups: durvalumab 
+ tremelimumab + platinum/etoposide and durvalumab + 
platinum/etoposide. From this paper, only a comparison 
between the durvalumab group and chemotherapy 
group was included; Reck et al. (20) is a RCT comparing 
ipilimumab and chemotherapy. In this paper, only the 
staged groups were included in the analysis (although 
the original text included two simultaneous and staged 
subgroups); Martin Reck et al. (21) is a phase III RCT 
comparing ipilimumab and chemotherapy.

Quality of the included studies

The sample sizes of the four RCT studies were sufficient, 
and the randomized controlled method was adopted. 
All four studies were open trials and were performed in 
accordance with the principle of random distribution. The 
data were complete without selectively reporting results. 
However, it was unclear whether there was distribution 
hiding or other biases.

Meta-analysis results

Overall survival (OS) 
All four RCTs reported OS. Meta-analysis using a random 

Table 1 Quality assessment of the included randomized controlled trials (RCTs)

Study
Randomized 

method
Blinding

Random sequence 
generation

Allocation 
concealment

Incomplete outcome 
data addressed

Free of selective 
reporting

Free of 
other bias 

Horn et al. (18); [2018] Yes No Yes Unclear No No Unclear 

Paz-Ares et al. (19); [2019] Yes No Yes Unclear No No Unclear 

Reck et al. (20); [2013] Yes No Yes Unclear No No Unclear 

Reck et al. (21); [2016] Yes No Yes Unclear No No Unclear 
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effects model showed that the OS of the immunotherapy 
group was higher than that of the first-line chemotherapy 
group in the treatment of SCLC, and the difference was 
statistically significant [HR =0.80, 95% CI (0.68, 0.95), 
P=0.009, Figure 2].

PFS
All four RCTs reported PFS. Meta-analysis using a random 
effects model showed that the PFS of the immunotherapy 
group was higher than that of the first-line chemotherapy 

group in the treatment of SCLC, and the difference was 
statistically significant [HR =0.82, 95% CI (0.75, 0.90), 
P<0.00001, Figure 3].

ORR
All four RCTs reported ORR. Meta-analysis using a 
random effects model showed that there was no significant 
difference between the immunotherapy group and the 
first-line chemotherapy group in the treatment of SCLC  
[RR =1.04, 95% CI (0.93, 1.17), P=0.46, Figure 4].

Figure 1 Flow chart of the search strategy and study selection. 

1981 of records identified 
through database searching 

0 of additional records identified 
through other sources

139 of records after duplicates 
removed

1,842 of records screened

45 of full-text articles assessed 
for eligibility

14 of full text articles excluded 
with reasons

30 of studies included in 
qualitative synsethis 

4 of studies included in 
quantitative synsethis  

(meta-analysis)

1,798 of records excluded

Table 2 Basic information of the included studies

Study Design Phase
Number of patients (n) Therapeutic regimen

Immunotherapy Chemotherapy Immunotherapy Chemotherapy

Horn et al. (18); [2018] RCT III 201 202 Atezo: 1,200 mg, day 1 Carbo: day 1. Eto: 100 mg/m2,  
days 1–3

Paz-Ares et al. (19); [2019] RCT III 268 269 Dur: 1,500 mg, Tiw Carbo: day 1. Eto: 80–100 mg/m², 
days 1–3

Reck et al. (20); [2013] RCT II 42 45 Ipi: 10 mg/kg, Tiw Pacl: 175 mg/m2. Carbo: day 1

Reck et al. (21); [2016] RCT III 478 476 Ipi: 10mg/kg, Tiw PT-C: day 1. Eto: 100 mg/m2,  
days 1–3

RCT, randomized controlled trial; Ipi, Ipilimumab; Atezo, Atezolizumab; Dur, Durvalumab; Carbo, Carboplatin; Eto, Etoposide; Pacl,  
Paclitaxel; Day 1, day 1 of each cycle; Day 1–3, days 1 to 3 of each cycle; PT-C, Platinum-based chemotherapy; Tiw, every three weeks.
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Adverse reactions 
All four RCTs reported treatment-related adverse reactions. 
Meta-analysis using a random effects model showed that the 
adverse reactions of the immunotherapy group were lower 
than those of the chemotherapy group, and the difference 
was statistically significant [RR =1.050, 95% CI (1.010, 
1.080), P=0.007, Figure 5]. A subgroup analysis of common 
adverse reactions was conducted, as shown in Table 3.  
There were no statistically significant differences except for 
decreased appetite and decreased white-cell count.

Discussion

Numerous studies have shown that immunosuppression 
induced by lung cancer cells is a crucial factor in the 
malignant progression. Immunotherapy can enhance 
the innate immune response of patients, and is expected 
to induce a long-term response (22). Chemotherapy 
has long been considered to be immunosuppressive and 
incompatible with immunotherapy. In order to improve the 
low response rate of immune inhibitors (when used alone), 
some experiments have combined chemotherapy with ICIs, 

Figure 2 Forest plot of overall survival (OS) in patients with ED SCLC after immunotherapy vs. chemotherapy. SE, standard error; HR, 
hazard ratio; CI, confidence interval; ED, extensive stage disease; SCLC, small cell lung cancer.

Figure 3 Forest plot of progression-free survival (PFS) in patients with ED SCLC after immunotherapy vs. chemotherapy. SE, standard 
error; HR, hazard ratio; CI, confidence interval; ED, extensive stage disease; SCLC, small cell lung cancer.

Figure 4 Forest plot of objective response rate (ORR) in patients with ED SCLC after immunotherapy vs. chemotherapy. RR, relative risk; 
CI, confidence interval; ED, extensive stage disease; SCLC, small cell lung cancer.



4086 Zhang and Bi. Immunotherapy combined with chemotherapy for ED SCLC

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(6):4081-4088 | http://dx.doi.org/10.21037/apm-20-2011

Table 3 Meta-analysis of various treatment-related adverse events in patients with ED SCLC after immunotherapy vs. chemotherapy

Adverse event Number of RCTs
Heterogeneity Statistical analysis

I2 (%) P RR (95% CI) P

Neutropenia 4 43 0.15 0.89 (0.75, 1.05) 0.17

Anemia 4 66 0.03 0.95 (0.80, 1.13) 0.55

Alopecia 4 0 0.41 0.97 (0.83, 1.13) 0.71

Nausea 4 34 0.21 1.16 (0.95, 1.41) 0.14

Fatigue 4 0 0.99 1.12 (0.91, 1.37) 0.29

Decreased appetite 4 0 0.47 1.30 (1.04, 1.63) 0.02

Thrombocytopenia 4 0 0.71 0.91 (0.75, 1.10) 0.32

Diarrhea 4 83 0.0006 1.38 (0.73, 2.61) 0.32

Leukopenia 3 81 0.006 0.95 (0.51, 1.78) 0.88

Decreased white-cell count 3 0 0.78 0.67 (0.48, 0.94) 0.02

Vomiting 3 28 0.25 1.15 (0.85, 1.55) 0.38

ED, extensive stage disease; SCLC, small cell lung cancer; RCT, randomized controlled trial.

Figure 5 Forest plot of total treatment-related adverse events in patients with ED SCLC after immunotherapy vs. chemotherapy. RR, 
relative risk; CI, confidence interval; ED, extensive stage disease; SCLC, small cell lung cancer. 

attempting to utilize the immunomodulatory (synergistic) 
effect of chemotherapy on tumor and immune cells (23).

In recent years, there have been an increasing number 
of clinical trials regarding immunotherapy of SCLC. 
PD-1 inhibitors (nivolumab and pembrolizumab) and 
PD-L1 inhibitors (durvalumab and atezolizumab) have 
shown antineoplastic activity and manageable safety in 
various tumor types (24). The clinical trials currently being 
conducted, including Keynote-604, Checkmate 331, and 
NCT02963090, will provide more evidence regarding the 
treatment of SCLC (5). 

In the four clinical trials included in our meta-
analysis, both OS and PFS improved, thus reinforcing 
the combination therapy as a potentially novel strategy 
for the treatment of SCLC. Among them, the efficacy for 

ipilimumab + paclitaxel + carboplatin in Reck et al. was 
significantly improved. However, the OS rate of ipilimumab 
+ chemotherapy was not significantly different from that of 
chemotherapy alone. This is understandable, considering 
that ipilimumab targets CTLA-4 to stimulate the activation 
of peripheral blood T cells, but cannot activate T cells in 
the tumor microenvironment. In view of this mechanism of 
action, Reck et al. speculated that the value of ipilimumab 
on chemotherapy synergistic effect was limited (21).  
Subsequent studies have shown that nivolumab and 
ipilimumab may provide a synergistic antitumor effect (25). 
Combination chemotherapy with ipilimumab, a CTLA-
4 inhibitor, did not show obvious synergistic effect, while 
the PD-1 inhibitor for tumor-infiltrating lymphocytes 
supplemented the antineoplastic activity of CTLA-
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4 inhibitor in a non-redundant way; the related clinical 
research (Checkmate 451) is currently being conducted (26). 
The results of IMpower133 (18) and CASPIAN (19) have 
shown that platinum and etoposide might not deplete T 
cells in the tumor, and atezolizumab and durvalumab could 
activate T cells in the tumor and play an anti-tumor role, 
however this requires further research.

According to the results  of  our meta-analysis , 
immunotherapy performed better than chemotherapy in OS 
HR =0.800, 95% CI (0.680, 0.950), P=0.009] and PFS [HR 
=0.820, 95% CI (0.750, 0.900), P<0.001]. Furthermore, 
the incidence of adverse reactions in the immunotherapy 
group was better than the chemotherapy group [RR =1.050, 
95% CI (1.010, 1.080), P=0.007]. This suggests that 
combining checkpoint inhibition with cytotoxic therapy in 
induction may be beneficial, with outcomes consistent with 
international trials. Atezolizumab was launched in China 
in 2020, and Atezolizumab combined with chemotherapy 
became the preferred National Comprehensive Cancer 
Network (NCCN) first-line treatment of ED SCLC (16), 
providing stronger support for the clinical application of 
immunotherapy combined with chemotherapy. 

The four studies included in this paper were large RCTs 
with rigorous study designs. However, due to limited 
immunotherapy studies on SCLC and ongoing partial 
trials, there were no clear outcome indicators, and thus the 
number of included studies was relatively small, resulting 
in bias. Therefore, the efficacy and safety of immunological 
preparations should be comprehensively assessed and 
carefully selected.
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