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MATERIALS AND METHODS
We followed the principles of the systemic review and meta-
analysis (PRISMA) guidelines.

Systematic review and meta-analysis of all RCTs testing PD-1/
PD-L1 plus CTLA-4 antibodies ± other therapies for lung 
cancer
Data sources and search strategy
We searched PubMed, Web of Science, the Cochrane Library, 
Ovid, and Embase for randomised controlled trials (RCTs) 
testing PD-1/PD-L1 plus CTLA-4 antibodies in patients with 
lung cancer, without any date restrictions. The following retrieval 
strategy was employed: (PD-1 OR PD-L1 OR Pembrolizumab 
OR Nivolumab OR Cemiplimab-rwlc OR Toripalimab OR 
Sintilimab OR Atezolizumab OR Avelumab OR Durvalumab) 
AND (CTLA-4 OR Ipilimumab OR Tremelimumab) AND lung 
cancer AND trial. Manual searches were also performed for 
additional references that met the inclusion criteria to avoid 
missing any studies.

Inclusion and exclusion criteria
Inclusion and exclusion criteria were independently evaluated 
by two researchers based on the PICO principle. The included 
studies had to meet the following criteria: (1) studies published 
in English; (2) randomised controlled clinical trials to study the 
efficacy and safety of (PD-1 OR PD-L1 OR Pembrolizumab 
OR Nivolumab OR Cemiplimab-rwlc OR Toripalimab OR 
Sintilimab OR Atezolizumab OR Avelumab OR Durvalumab) 
AND (CTLA-4 OR Ipilimumab OR Tremelimumab); (3) the 
patients were histologically diagnosed with lung cancer, not 
including HIV, organ transplantation, viral infection and other 
special patients; (4) presents analysis-related data of objective 
response rate (ORR), PFS, OS, and toxicity. The following 
studies were excluded: (1) reviews, editorials, case reports, or 
animal and cellular studies; (2) required data are incomplete; (3) 
no dose and usage information.

Data extraction and quality assessment
Two researchers independently conducted the study selec-
tion process based on the inclusion and exclusion criteria, and 
extracted the following information: first author name, publica-
tion year, trial phase, clinical trial number, trial design, patholog-
ical type, sample size, usage and dosage, follow-up time, median 
OS and PFS, and irAEs. If there were disagreements in the study 
selection and data extraction process, a consensus was reached 
through discussion or when necessary a third investigator was 
consulted. We used the method of Jadad et al18 to evaluate the 
quality of the included studies.

Data synthesis and statistical analysis
We used Review Manager 5.3 and Stata 15.1 for statistical 
analysis. The Q test and I2 statistics were used to evaluate the 
statistical heterogeneity. When p<0.05 or I2  >50%, heteroge-
neity was statistically significant, and we used random-effects 
models; otherwise, we used fixed-effect models. HRs >1 of OS 
and PFS indicated it was beneficial to the control group, while 
HRs <1 indicated it was beneficial to the PD-1/PD-L1 combined 
CTLA-4 antibody group. ORs >1 of ORR and adverse events 
(AEs) means a higher effective rate and toxicity, while ORs <1 
indicates a lower effective rate and safety. P<0.05 was consid-
ered statistically significant, and all p values were bilateral.

RESULTS
Study characteristics and risk of bias
Online supplemental figure 1 shows a flow chart of the study. 
A preliminary literature search screened a total of 3983 records 
from the databases: 3317 of them were left after deleting dupli-
cate records; 86 were left after screening; 43 were left after 
screening the titles and abstracts; and six studies were left after 
reviewing each publication in full. All relevant references have 
been reviewed. Finally, six RCTs were included in this meta-
analysis (one of the trials employed two trials to compare 
the efficacy and toxicity with the control group, which were 
conducted as two independent trials) (online supplemental 
figure 1), all using the response evaluation standard (RECIST) 
or WHO standards.

All of the trials were randomised, controlled, open-label clinical 
trials. They included 952 experimental patients and 869 control 
patients,19–23 and mainly studied ipilimumab  +nivolumab and 
durvalumab +tremelimumab for the treatment of lung cancer. 
Online supplemental table 1 summarises the detailed character-
istics of the included studies.

We assessed the quality of each study in this analysis based on 
the Jadad score, and online supplemental figure 2 provides the 
risk results of the bias assessment.

Overall response rate
Finally, six studies conducted on 952 experimental-arm patients 
and 896 control-arm patients met the inclusion criteria and were 
included in the ORR analysis. The ORR funnel plot shows signif-
icant asymmetry (online supplemental figure 3), and heteroge-
neity among the studies was significant (p=0.02, I2=61%). The 
pooled RR for ORR was calculated with a random-effects model. 
This meta-analysis showed that ORR was significantly improved 
in the treatment of PD-1/PD-L1 plus CTLA-4 antibodies ± other 
therapies (RR 1.49, 95% CI 1.11 to 1.98; p=0.007) (figure 1), 
which was statistically significant. The clinical efficacy of PD-1/

Figure 1  Forest plot of ratio risk and 95% confidence intervals for overall response rate of PD-1/PD-L1 plus CTLA-4 antibodies with lung cancer. CTLA-4, 
cytotoxic T lymphocyte antigen-4; PD-1, programmed cell death 1; PD-L1, programmed cell death-ligand 1.
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PD-L1 combined with CTLA-4 antibodies ± other therapies 
in patients with advanced lung cancer was higher than that in 
the control group. In subgroup analysis (figure 2), regardless of 
whether it is NSCLC (RR 1.40, 95% CI 1.21 to 1.63; p<0.0001) 
or small cell lung cancer (SCLC) (RR 2.04, 95% CI 1.02 to 4.06; 
p=0.04), the results showed that dual ICI therapies ± other ther-
apies improved ORR. The meta-analysis results did not change 
significantly throughout the sensitivity analysis, indicating that 
the sensitivity is low and the result is robust and credible.

Overall survival
Three trials reported OS combined HRs and 95% CI, and hetero-
geneity among the studies was not significant (p=0.3, I2=17%). 
The results showed that the OS of patients treated with PD-1/
PD-L1 combined with CTLA-4 antibodies ± other therapies 
was improved (HR 0.72, 95% CI 0.63 to 0.83; p<0.00001) 
(figure 3).

In subgroup analysis (figure 4), PD-L1 ≥1% (HR 0.67, 95% CI 
0.54 to 0.82; p<0.0001) subgroup differences indicated a statis-
tically significant subgroup effect, but the PD-L1 <1% subgroup 
(HR 0.88, 95% CI 0.75 to 1.05; p=0.15) was not statistically 
significant (figure 4). This means that lung cancer patients with 
PD-L1 expression ≥1 benefit more from dual immunotherapy 
± other therapies.

Progression-free survival
Four trials were included for PFS evaluation. The funnel plot of 
PFS shows symmetry, and heterogeneity among the studies was 
not significant (p=0.11, I2=50%) (figure  5). The pooled HR 
for PFS was calculated using a fixed-effects model. In the treat-
ment of lung cancer with PD-1/PD-L1 combined with CTLA-4 

antibodies ± other therapies, the HR of PFS improved statisti-
cally (HR 0.72, 95% CI 0.63 to 0.82; p<0.00001) (figure 5).

Immune-related adverse events
There were five studies with data about severe AEs (grade ≥3) 
and no heterogeneity (p=0.22, I2=30%). The pooled RR for 
AEs (grade ≥3) was conducted with a fixed-effects model. The 
incidence of AEs (grade ≥3) was lower than the control group 
(RR 0.90, 95% CI 0.80 to 1.02; p=0.09) (figure 6), but it was 
not significant. Among them, rash and diarrhoea were the most 
common, and anaemia and neutrophilic granulocyte counts were 
the most common during chemotherapy (figure 6).

Publication bias
Funnel plots and Egger’s test were applied to assess the publi-
cation bias. For the impact of ORR, the funnel plots were not 
basically symmetrical, suggesting a high risk of potential publica-
tion bias in these studies. For the impact of RR on ORR, Begg’s 
test (Z=0.00, p=1) (online supplemental figure 4) and Egger’s 
test (T=0.81, p=0.462) (online supplemental figure 5) verified 
low publication bias. There was no significant publication bias in 
these studies (online supplemental figures 4 and 5).

DISCUSSION
Most lung cancer patients receive chemotherapy and/or radi-
ation therapy,1 which have poor anti-tumour effects. In recent 
years, some clinical trials have achieved satisfactory results in 
the treatment of lung cancer with PD-1/PD-L1 and CTLA-4 
antibodies, among which pembrolizumab and nivolumab can 
prolong the survival of patients with advanced NSCLC,24 25 

Figure 2  Forest plot of ratio risk for overall response rate in the non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) subgroups in 
patients who received PD-1/PD-L1 plus CTLA-4 antibodies. CTLA-4, cytotoxic T lymphocyte antigen-4; PD-1, programmed cell death 1; PD-L1, programmed 
cell death-ligand 1.

Figure 3  Forest plot of hazard ratios and 95% confidence intervals for overall survival of PD-1/PD-L1 plus CTLA-4 antibodies with lung cancer. CTLA-4, 
cytotoxic T lymphocyte antigen-4; PD-1, programmed cell death 1; PD-L1, programmed cell death-ligand 1.
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and durvalumab combined with chemotherapy can effectively 
improve the prognosis of patients with extensive-stage SCLC 
(ES-SCLC).26 This meta-analysis investigated the efficacy of 
PD-1/PD-L1 combined with CTLA-4 inhibitors ± other thera-
pies for lung cancer patients.

T cells play an important role in the anti-tumour effect. 
However, <10% of CD8 + T cells in tumours have the ability 
to recognise cancer cells,27 and the anti-cancer effect may be 
caused by T cells entering the tumour from the peripheral blood 
after treatment.28 Therefore, it is particularly important to 
increase the number of T cells and enhance the effector function 
through different mechanisms by combining PD-1/PD-L1 and 
CTLA-4 inhibitors. The combined blocking of the CTLA-4 and 
PD-1/PD-L1 pathways increases the ratio of Teff to Tregs and 
myeloid-derived suppressor cells (which significantly suppresses 
the ability of cells to respond), thereby reducing immunosup-
pression and promoting inflammation in the TME.29 At the 
same time, anti-CTLA-4 antibodies have antibody-dependent 
cell-mediated cytotoxicity, and they reduce the negative effect 
of PD-1 antibodies on activating Tregs; CTLA-4 antibodies lead 
to compensatory overexpression of tumour PD-L1, and PD-1 
antibodies block the binding of PD-L1 to PD-1. CTLA-4 anti-
bodies also increase the number of activated T cells and Tm in 
the peripheral blood, and PD-1 antibodies relieve the inhibition 
of T cell anti-cancer activity by tumours. Our results revealed 
the significant effect of dual checkpoint inhibitor treatment for 
advanced lung cancer, showing significant improvements in 
ORR (RR 1.49, 95% CI 1.11 to 1.98; p=0.007), OS (HR 0.72, 
95% CI 0.63 to 0.83; p<0.00001), and PFS (HR 0.72, 95% CI 
0.63 to 0.82; p<0.00001).

We found that a combination of immunosuppressants and 
chemotherapy had better anti-tumour effects. By activating AKT, 
cisplatin rapidly increases the expression of PD-L1 in the TME 
in a dose-dependent manner, increasing the clinical efficacy of 
immunotherapy30 31; it does not affect the immune background 

of NSCLC after induction, nor does it significantly damage the 
anti-tumour immune response,32 but its effects may not persist.

In addition, when given concurrently, radiotherapy can 
restore the recruitment of Th1 lymphocytes in the TME,33 
stimulate antigen presentation, increase tumour antigenicity,34 
form an ‘immune centre’, and promote the tumour immune 
response.35 36 Through more effective control of the immune 
system, local therapy is converted into systemic therapy, which 
results in a synergistic and more effective activity against tumour 
cells.37

Regarding when to use combination therapy, a meta-analysis 
by Zhou et al38 suggests that patients with large tumour volumes 
should be treated with immunotherapy combined with other 
therapies to produce stronger and more long-term efficacy, while 
patients with small tumour volumes or extremely high PD-L1 
tumour proportion score should be treated with immunomono-
therapy alone.39 However, this requires more clinical trials for 
validation. For lung cancer patients with negative expression of 
PD-L1, tumour antigens can be released during a short period 
of chemotherapy at the early stage of treatment. At this time, 
by activating the patient’s own immune system using double 
immune therapy, it not only enhanced the immune treatment 
effect, but also avoided the accumulation of long-term chemo-
therapy side effects. However, regardless of PD-L1 expression 
level, a high tumour mutational burden (TMB) of NSCLC 
patients, PD-L/PD-L1 plus CTLA-4 inhibitors had significantly 
longer PFS than chemotherapy.20 Further trials are also needed 
to explore the selection of immunotherapy therapies based on 
biomarkers.

The related adverse reactions of PD-1/PD-L1 combined with 
CTLA-4 inhibitors cannot be ignored. The mechanism may be 
related to Tregs. Tregs are one of the most abundant suppressor 
cells in the TME, and they express a large number of check-
point molecules such as CTLA-4 and PD-1 to maintain immune 
homeostasis and avoid autoimmunity. Therefore, the targeting 

Figure 4  Forest plot of hazard ratios for overall survival in the PD-L1 ≥1% and PD-L1 <1% subgroups in patients who received PD-1/PD-L1 plus CTLA-4 
antibodies. CTLA-4, cytotoxic T lymphocyte antigen-4; PD-1, programmed cell death 1; PD-L1, programmed cell death-ligand 1.

Figure 5  Forest plot of hazard ratios and 95% confidence intervals for progression-free survival of PD-1/PD-L1 plus CTLA-4 antibodies with lung cancer. 
CTLA-4, cytotoxic T lymphocyte antigen-4; PD-1, programmed cell death 1; PD-L1, programmed cell death-ligand 1.
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effect of ICIs on Tregs may lead to the occurrence of irAEs.40 
These events are usually controllable41 and can be effectively 
controlled and managed by immunosuppressive methods such 
as steroids.42 However, there are still a few patients who have 
serious adverse reactions, with the highest mortality caused by 
neurological and cardiac toxicity.43 The risk of irAEs in patients 
treated with CTLA-4 is dose-related,44 and most grade 3 or 
higher irAEs occur within 8–12 weeks after starting treatment.

PD-1 antibody-related irAEs are relatively low in frequency, 
and most irAEs occur within the first 6 months of treatment 
and take longer to manifest than CTLA-4 related toxicity.45 The 
organ involvement spectrum of the two is also different. Anti-
PD-1 drugs cause arthritis more frequently, and anti-CTLA-4 
drugs are more related to colitis.46 Combining anti-CTLA-4 
antibodies and anti-PD-1 antibodies can increase the incidence 
and severity of irAEs and cause them to occur earlier.47 This is 
consistent with our research findings.

A large data analysis showed that the risk of immune events is 
associated with TMB. Cancers with a high TMB, such as NSCLC, 
are associated with more irAEs during anti-PD-1 therapy.48 
Receiving low-dose glucocorticoids does not inhibit the immune 
response caused by ICIs, and patients can continue to maintain 
a beneficial response to ICIs.44 The combination of anti-PD-1 
antibodies and immune antibodies of selectively targeted specific 
inflammatory mediators can prevent or delay the progression of 
advanced tumours in patients with autoimmune diseases without 
affecting the anti-tumour effect of the anti-PD-1 antibodies.49 
It was observed that even if patients receiving PD-1 antibodies 
stopped treatment due to the reaction, they could have a longer 
duration of action without the need to rush to the next treat-
ment.50 However, long-term exposure to immunosuppressants 
can lead to rare fatal immune-related events.51 52

In this meta-analysis, our results showed that the combination 
of PD-1/PD-L1 and CTLA-4 antibody was effective for the treat-
ment of lung cancer and the occurrence of adverse reactions was 
controllable (figures 1, 2 and 6). This provides a good option 
for the treatment of SCLC. A non-randomised controlled trial of 
ipilimumab and nivolumab given postoperatively to patients with 
ES-SCLC resulted in better 1 year OS than the control group.53 
More randomised, multicentre, and large sample studies are 
needed to confirm and evaluate the cost of these treatment strat-
egies and the quality of life of patients.

Our research also has some limitations that may have affected 
the final results. First, most of the studies have a small sample 
size; currently there are very few data about the use of dual-
immune checkpoint inhibitor combination therapy, and few 
studies have applied randomised or blinded methods. Second, 
we extracted trial data from published articles but we did not 
have access to the patients’ original data, which could lead to 
biases in the data analysis. Therefore, more large-scale clinical 

trials are needed to further verify the effectiveness and safety of 
dual immunosuppressive anti-tumour therapy.

CONCLUSION
PD-1/PD-L1 inhibitors combined with CTLA-4 inhibitors can 
improve the ORR and PFS of patients with advanced or meta-
static lung cancer, but the incidence of adverse reactions is high, 
although generally tolerable. The survival of patients with SCLC 
is shorter than that of patients with NSCLC,2 and treatment 
options are limited. Dual immunosuppressants also have ther-
apeutic effects in SCLC. Despite some limitations, our research 
indicates that the combination of PD-1/PD-L1 plus CTLA-4 
inhibitors may be a promising treatment strategy for patients 
with advanced lung cancer, but attention should be paid to the 
occurrence of adverse reactions.
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