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Abstract. – OBJECTIVE: Differential organ-spe-
cific tumor response to immune checkpoint in-
hibitors (ICIs) has been reported in multiple sol-
id tumors. We aim at investigating the efficacy 
differences of ICIs combined with chemotherapy 
(CT) vs. CT alone as first-line treatment for ex-
tensive-stage small-cell lung cancer (ES-SCLC).  

MATERIALS AND METHODS: We searched 
PubMed, Embase, Medline, and China National 
Knowledge Infrastructure databases to identi-
fy relevant trials comparing ICIs combined with 
CT vs. CT alone in ES-SCLC patients with brain 
or liver metastases. The primary outcome was 
overall survival (OS). The secondary outcomes 
included progression-free survival (PFS). The 
pooled hazard ratio (HR) was analyzed using the 
fixed or random effects model, according to het-
erogeneity among included trials.

RESULTS: We identified 5 randomized con-
trolled trials of 8 studies that involved a total 
of 1,401 patients, 310 with brain metastases 
and 1,091 with liver metastases. The quality of 
included trials was high. The pooled results 
showed that ICIs combined with CT significantly 
improved OS of ES-SCLC with liver metastases 
(HR 0.88, 95%CI: 0.78-1.00, p=0.049), and a ten-
dency to improve PFS (HR 0.86, 95%CI: 0.68-1.07, 
p=0.17). For patients with brain metastases, no 
survival benefit could be obtained from combina-
tion therapy of ICIs with CT in terms of PFS (HR 
0.91, 95%CI: 0.63-1.32, p=0.62) and OS (HR 1.12, 
95%CI: 0.88-1.43, p=0.36). No publication bias 
was detected. 

CONCLUSIONS: The addition of ICIs to CT sig-
nificantly improves OS in ES-SCLC patients with 
liver metastases compared with CT alone. No 
survival benefit could be obtained from ICIs and 

CT combination therapy for ES-SCLC with brain 
metastases. 
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sis, Brain metastasis, Meta-analysis. 

Introduction

Small cell lung cancer (SCLC), accounting 
for approximately 10-15% of all lung cancers, is 
characterized by rapid growth and early develop-
ment of metastases1. As a result, most SCLC pa-
tients presented with advanced disease and distant 
metastases at the time of diagnosis2. Although 
SCLC accounts for a minority of lung cancers, the 
prognosis of SCLC patients remains dismal with 
a 5-year overall survival rate of less than 10%, 
including patients with both limited stage and 
extensive stage disease3. According to the stag-
ing system of the Veterans Administration Lung 
Study Group (VALSG), SCLC could be classified 
as limited-stage (LS) disease (tumor confined to 
one hemi-thorax and one radiation port; no ma-
lignant pleural or pericardial effusion) and ex-
tensive-stage (ES) disease (not meeting criteria 
for LS)4. Systematic treatment options for SCLC 
patients have not changed during the past three 
decades. For patients with limited-stage small-
cell lung cancer (LS-SCLC), concurrent chemo-
radiotherapy with platinum-etoposide remained 
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to be the standardized treatment. For patients 
with extensive-stage small-cell lung cancer (ES-
SCLC), chemotherapy with platinum-etoposide is 
the most often used treatment strategy5. Although 
up to 80% of ES-SCLC initially responds to first-
line chemotherapy exceptionally well, all patients 
would eventually recur later on. Once relapse, the 
median survival is around six months and few live 
beyond one year6. Therefore, there is an urgent 
need for innovative and effective first-line treat-
ment for ES-SCLC. 

Previous studies7,8 have indicated that SCLC is 
a heterogeneous disease with a high tumor muta-
tional burden (TMB) likely resulting from chronic 
tobacco exposure. In addition, SCLC is frequently 
associated with autoimmune paraneoplastic syn-
dromes, such as hypercalcaemia, Cushing syn-
drome, myasthenia gravis9. Both of them suggest 
that SCLC might potentially be a good candidate 
for treatment with immune checkpoint inhibitors 
(ICIs). In the past decade, several prospective ran-
domized trials have investigated the blockade of 
the cytotoxic T-lymphocyte-associated protein 4 
and PD-L1 (CTLA-4/PD-L1) axis in addition to 
standard chemotherapy or as maintenance thera-
py, but the results are controversial. Subsequently, 
three meta-analyses demonstrated that ICI com-
bined with chemotherapy as first-line treatment 
can significantly improve the OS and progres-
sion-free survival (PFS) of ES-SCLC patients 
(p<0.05)10-13. Based on these results, the U.S. 
Food and Drug Administration (FDA) approved 
atezolizumab and durvalumab for use in combi-
nation with platinum-etoposide for the first-line 
treatment of adult patients with ES-SCLC14. Al-
though addition of ICIs to front line chemotherapy 
followed by maintenance now offers new hope for 
these patients, identifying the population who can 
benefit from immunotherapy is still a challenge. 
Indeed, subgroups analysis of phase 3 trials indi-
cates that the clinical benefits obtained from ICIs 
in ES-SCLC with baseline brain or liver metasta-
ses were controversial. Therefore, we conducted 
this meta-analysis to comprehensively investigate 
whether ES-SCLC with brain or liver metastases 
could benefit from combination therapy of ICIs 
with platinum-etoposide chemotherapy. 

Materials and Methods 

Data Source 
We searched PubMed, Embase, Medline, and 

China National Knowledge Infrastructure data-

bases to identify the potentially relevant trials. 
The following keywords including immunothera-
py therapy, immune checkpoint inhibitors, exten-
sive-stage small-cell lung cancer, extensive-dis-
ease small-cell lung cancer, pembrolizumab, 
atezolizumab, ipilimumab, nivolumab, durvalum-
ab, first line, randomized controlled trials were 
used. In addition, we also read recent meta-analy-
ses to identify relevant trials investigating immu-
notherapy in SCLC patients. We only included the 
most complete and recent studies for analysis in 
order to avoid duplication. All results were input 
into Endnote X8 reference software (Thomson-
Reuters, Stamford, CT, USA) for duplication ex-
clusion and further reference management.

Study Selection
All included trials met the following criteria: 

(1) prospective trials involved extensive-stage 
SCLC patients; (2) prospective trials investigat-
ing efficacy difference between chemotherapy 
alone and immunotherapy combined with chemo-
therapy; and (3) survival outcomes of ES-SCLC 
patients with brain or liver metastases could be 
available. 

Data Extraction 
The following information including first au-

thor’s name, publication year, phase of trial, num-
ber of patients presented with brain metastases, 
number of patients presented with liver metasta-
ses, treatment regimen, median age, and treatment 
line were independently extracted by two investi-
gators, and any discrepancy between the review-
ers was resolved by consensus. 

Outcome Measures
We perform the present meta-analysis by using 

Comprehensive Meta Analysis software (Version 
2.0). The survival outcome was pooled and report-
ed as hazard ratio (HR). The primary outcome of 
interest was OS and secondary outcomes PFS in 
ES-SCLC patients receiving ICIs and chemother-
apy. Between-study heterogeneity was estimated 
using the χ2-based Q statistic15. Heterogeneity was 
considered statistically significant when pheterogene-

ity< 0.1. The Begg and Egger tests were used to 
evaluate the presence of publication bias16,17. A 
statistical test with a p-value lower than 0.05 was 
considered significant. The Cochrane Risk of Bias 
Tool was used to estimate the quality of random-
ized controlled trials (RCTs)18. The Jadad scale 
was based on the reporting of the studies’ methods 
and results to assess the study quality19.  
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Results 

Eligible Studies and Characteristics
We performed the systematic review and me-

ta-analysis in accordance with the Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analysis (PRISMA) statement20. Our initial 
search yielded 1,250 potentially relevant reports. 
After excluding review articles, phase I studies, 
case reports, meta-analyses, and observation stud-
ies, a total of 5 prospective randomized controlled 
clinical trials were included. After reviewing of 
included trials, 2 included trials were undated 
analyses of previously published trials. Finally, 8 
studies of 5 randomized trials were included21-27. 
Figure 1 shows the process of selection. 

The main characteristics of included studies are 
summarized in Table I. Briefly, 1,401 patients from 5 
studies were included, 310 with brain metastases and 
1,091 with liver metastases. All the included studies 
were subgroup analyses of multicenter, randomized, 
phase III trials, published between 2016 and 2021. 
All of the included ES-SCLC patients received ICIs 
combined with chemotherapy as first-line treatment. 
Of them, only CheckMate-451 investigate mainte-
nance therapy with ICIs in ES-SCLC21, and other 4 
trials assess the efficacy of addition ICIs to standard 
chemotherapy, followed by maintenance therapy. 

Quality of Included Studies
In general, most of the included studies pro-

vided adequate outcome ascertainment, enrolled a 

Figure 1. PRISMA flow diagram.
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Author/year  Trial 
name 

Study 
population

No. of baseline 
liver metastases 

No. of baseline brain 
metastases Intervention Treatment 

line 
Primary 

endpoint 
Jadad 
score 

Horn et al26 /  
Liu et al22 IMpower 133 Extensive-stage SCLC 149 35 Atezolizumab+EP First-line OS and PFS 5

EP
Reck et al27 NA Extensive-stage SCLC NA 100 Ipilimumab+EP First-line OS 7

Placebo+EP
Paz-Ares et al25 / 
Goldman et al23 CASPIAN Extensive-stage SCLC 108 28 Durvaluzumab +EP First-line OS 5

117 38 Durvaluzumab +tremeli-
zumab+ EP

104 27 EP
Rudin et al24 KEYNOTE-604 Extensive stage SCLC 187 55 Pembolizumab+EP First-line OS 7

Placebo +EP

Owonikoko et al21 Checkmate-451 Extensive stage SCLC 110 38 CT followed by 
Nivolumab +ipilimumab First-line OS 7

106 46 CT followed by 
Nivolumab First-line OS 

106 32 EP followed by Placebo

Table I. Baseline characteristics of included trials.

Abbreviation: SCLC, small-cell lung cancer; EP, etoposide plus platinum; CT, chemotherapy; OS, overall survival; PFS, progression-free survival.
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representative sample of patients, and had an ac-
ceptable length of follow-up. As a result, method-
ological quality of these studies was fair (Figure 
2). We also used Jadad scale to evaluate the qual-
ity of each included study. 3 of the 5 randomized 
controlled trials were double-blind placebo-con-
trolled trials, thus had a Jadad’s score of 7. Other 3 
trials were an open-label controlled trial, thus had 
a Jadad’s score of 5.             

Effect of Icis on Patients with Brain 
Metastases

A total of 4 trials reported OS data with 310 pa-
tients to analyze the efficacy of combination ICIs 
with chemotherapy on patients with brain me-
tastasis. The pooled hazard ratio for OS demon-
strated that addition of ICIs to chemotherapy in 
ES-SCLC patients did not improve OS giving HR 
1.12 (95%CI: 0.88-1.43, p=0.36, Figure 3A), in 
comparison with chemotherapy alone. There was 
significant heterogeneity between trials (I2=23%, 
p=0.27), and the pooled HR for OS was performed 
by using fixed-effects model. A total of 3 trials re-
ported PFS data of ES-SCLC with brain metasta-
sis. Similarly, no survival benefit of PFS could be 
obtained from ICIs combination therapy with HR 
of 0.91 (95%CI: 0.63-1.32, p=0.62, Figure 3B) by 
using fixed-effects model. 

Effect of Icis on Patients with Liver 
Metastases

4 studies were included for the analysis of OS 
of 1,091 ES-SCLC patients with liver metasta-
ses, and the pooled results indicated that patients 
treated with combination of ICIs and chemother-
apy had significantly longer OS than chemothera-
py group (HR, 0.88; 95%CI, 0.78-1.00; p=0.049, 
Figure 4A), with no significant heterogeneity 
among included trials (I2=0%; p=0.51). Thus, the 
pooled analysis was performed by using fixed-ef-
fects model. Only KEYNOT-60424 and IMpower 
13322,26 reported outcomes of ES-SCLC with liver 
metastasis, and the pooled results demonstrated 
that the addition of ICIs to chemotherapy had a 
tendency to improve PFS when compared to che-
motherapy alone (HR 0.86, 95%CI: 0.68-1.07, 
p=0.17, Figure 4B). 

Publication Bias
Visual inspection of the Begg funnel plots was 

symmetry, indicating absence of significant pub-
lication bias (Figure 5). Further tests suggested 
no statistically significant publication bias was 
detected in OS for patients with brain metastases 

(Begg’s test, p=0.62; Egger’s test, p=0.37) and 
OS for patients with liver metastases (Begg’s test, 
p=0.85; Egger’s test, p=0.40). 

Discussion 

During the past decade, the management of 
ES-SCLC has been significantly changed with 
the introduction of immune checkpoint inhibitors. 
Due to survival benefits obtained from combina-
tion therapy, addition of ICIs to front line chemo-
therapy followed by maintenance has been the 
standard of care for treatment-native ES-SCLC. 
However, the differential tumor microenviron-
ments of various organs may potentially influence 
the therapeutic effect of ICIs. Indeed, differential 
organ-specific tumor response to immune check-
point inhibitors (ICIs) has been reported in multi-
ple solid tumors, including renal cell carcinoma28, 
non-small-cell lung cancer29,30 and liver cancer31. 
In Liu et al22 study on 75 advanced hepatocellular 
carcinomas (HCC), the authors found that hepat-
ic tumors of HCC may be less responsive to ICIs 
than extrahepatic lesions, and lung metastases re-
sponded most favorably to ICIs. Similarly, mixed 

Figure 2. Selected methodologic al quality indicator.
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responses to ICIs are also observed in NSCLC. 
However, to our best knowledge, there is no spe-
cific meta-analysis to comprehensively investi-
gate the immune response to ICIs in ES-SCLC 
with different metastases. 

In the present study, a total of 1,401 patients, 
with 310 presented with brain metastases, from 5 
randomized controlled trials have been included 
for analysis. As we all known, brain metastases are 
normally considered as a frequent metastatic site of 
SCLC with unfavorable prognosis; it has been re-
ported32 that approximately 10% of SCLC patients 
presented with BM at diagnosis and it rises to more 
than 50% after 2-year survival. As a result, if no 
progression is observed after completion of chemo-
radiotherapy for limited-stage SCLC, prophylactic 
cranial irradiation (PCI) is recommended for the 
prevention of brain metastases33. 

Recently, two meta-analyses also demonstrat-
ed that PCI significantly improved overall sur-

vival [Hazard ratio (HR) = 0.57; 95% confidence 
interval (CI): 0.47, 0.69; p<0.001] and brain me-
tastasis [Risk ratio (RR) = 0.47, 95%CI: 0.33, 
0.69; p<0.01] for ES-SCLC34,35. In the present 
study, our pooled result showed that no surviv-
al benefit could be obtained from combination 
therapy of ICIs with CT in terms of PFS (HR 
0.91, 95%CI: 0.63-1.32, p=0.62) and OS (HR 
1.12, 95%CI: 0.88-1.43, p=0.36) for ES-SCLC 
with brain metastasis. One possible explanation 
for this finding is that the prognosis of ES-SCLC 
with brain metastasis is dismal, and only patients 
with asymptomatic or treated and stable off ste-
roids and anticonvulsants for at least 1 month be-
fore study entry were included in the randomized 
controlled trials. However, brain radiotherapy is 
the mainstream therapy for patients with brain 
metastases. Radiotherapy is a promising immu-
nological adjuvant and a complex modifier of the 
tumor microenvironment36. Several studies37,38 

Figure 3. Fixed-effect Model of hazard ratio (95%CI) of PFS and OS in ES-SCLC with BM metastasis treated ICIs with CT 
versus CT alone.
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have suggested that the immune system has an 
important role in the therapeutic effects of radia-
tion, promoting tumor cell death in the radiation 
field. As a result, it has been hypothesized that 
the combination of brain RT and ICIs would gen-
erate a synergistic effect. Further studies are still 
needed to investigate the combination of brain 
RT and ICIs with chemotherapy in ES-SCLC 
with brain metastases. 

Liver metastases is the second most common 
extra-thoracic metastatic organs, accounting for 
24.7%39. Conventional treatment of liver metas-
tases consists of systematic and palliative thera-
py. Although several studies have demonstrated 
liver metastases as an independent poor prog-
nostic factor of immunotherapy for NSCLC, the 
impact of site of involvement on survival of ES-
SCLC remains unknown40.  In the present study, 
a total of 1,091 ES-SCLC with liver metastases 
were included for analysis. The pooled results 
showed that ICIs combined with CT significant-

ly improved OS of ES-SCLC with liver metasta-
ses (HR 0.88, 95%CI: 0.78-1.00, p=0.049), and 
a tendency to improve PFS (HR 0.86, 95%CI: 
0.68-1.07, p=0.17). Based on our findings, the 
addition of ICIs to front line chemotherapy fol-
lowed by maintenance is recommended for ES-
SCLC with liver metastasis due to its survival 
benefit. 

Limitations
Several limitations in this meta-analysis need 

to be acknowledged. First, the number of trials in-
cluded in this meta-analysis is relatively small, al-
though the quality of included trials is high. Sec-
ondly, our study is a pooled analysis of subgroup 
analysis of published studies, thus the statistical 
power is limited. As a result, the conclusion is 
preliminary and should be cautiously interpreted. 
However, in the present study, we firstly observe 
a survival benefit from ICIs combination for ES-
SCLC with liver metastases. 

Figure 4. Fixed-effect Model of hazard ratio (95%CI) of PFS and OS in ES-SCLC with liver metastasis treated ICIs with CT 
versus CT alone.
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Conclusions

In conclusion, the present study suggests that 
addition of ICIs to chemotherapy can significantly 
prolong OS in ES-SCLC patients with liver me-
tastases and a tendency to improve PFS in those 
patients, while no survival benefit could be ob-
tained from combination therapy in ES-SCLC 
with brain metastasis in terms of OS and PFS. 
Therefore, this study still indicates combination 
of ICIs with chemotherapy are effective treatment 
options for ES-SCLC patients with liver metas-
tasis. Further strategies are still recommended to 
investigate synergistic effect of radiotherapy and 
immune checkpoint inhibitors in ES-SCLC with 
brain metastases. 
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