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Abstract: We performed this Bayesian network meta-analysis (NMA) to suggest frontline treat-

ments for patients with high PD-L1 expression (at least 50%). A total of 5,237 patients from 22 stud-

ies were included in this NMA. In terms of progression-free survival, immune checkpoint inhibitors 

(ICIs) plus bevacizumab plus chemotherapy had the highest surface under the cumulative ranking 

curve (SUCRA) value (98.1%), followed by ICI plus chemotherapy (82.9%). In terms of overall sur-

vival (OS), dual immunotherapy plus chemotherapy had the highest SUCRA value (79.1%), fol-

lowed by ICI plus bevacizumab plus chemotherapy (73.4%). However, there was no significant dif-

ference of survival outcomes among treatment regimens combined with immunotherapy. Moreo-

ver, ICI plus chemotherapy failed to reveal a significant OS superiority to ICI monotherapy (hazard 

ratio = 0.978, 95% credible internal: 0.771-1.259). In conclusion, this NMA indicates that ICI plus 

chemotherapy with/without bevacizumab might to be the best options in terms of OS for NSCLC 

with high PD-L1 expression. Considering there was no significant difference of survival outcomes 

among treatment regimens incorporating immunotherapy and ICI plus chemotherapy failed to 

show significant survival benefits over ICI monotherapy, however, ICI monotherapy may be rea-

sonable as first-line treatment for advanced NSCLC with high PD-L1 expression and no targetable 

aberrations. 

Keywords: non-small-cell lung cancer; immune checkpoint inhibitor; Bayesian meta-analysis; Re-

view 

 

1. Introduction 

Lung cancer is the leading cause of cancer-related death all over the world [1,2]. For 

a long time, platinum-based doublet chemotherapy was the first-line standard treatment 

for patients with advanced non-small-cell lung cancer (NSCLC) without driver somatic 

mutations. Recently, cancer immunotherapy has been established as a new treatment op-

tion for many solid tumor types, including advanced NSCLC [3,4]. Immune checkpoint 

inhibitors (ICIs) refer to monoclonal antibodies (mAbs) engineered to block co-inhibitory 

molecules such as CTLA-4, anti-programmed death-1 (PD-1), and PD-ligand 1 (PD-L1) 

and restore antitumor immunity [5,6]. Randomized trials have revealed that anti-PD-1 

mAbs (pembrolizumab and nivolumab) and anti-PD-L1 mAb (atezolizumab) provides 

additional benefits in both overall survival (OS) and progression-free survival (PFS) for 

patients with previously treated advanced NSCLC, compared with chemotherapy [7-11]. 

ICIs are also recommended as a first-line treatment for advanced or metastatic NSCLC, 

either as monotherapy or in combination with chemotherapy or other targeted agents, 

based on histology, genetic alterations, and level of PD-L1 expression [12-36].  
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The level of PD-L1 expression is currently the best predictive biomarkers for efficacy 

of ICIs in advanced NSCLC, although its predictive power is limited, especially in the 

combination treatment with cytotoxic agents. Approximately 25-35% of advanced NSCLC 

cases are expected to test positive for PD-L1 in at least 50% of tumor cells by immuno-

histochemistry (IHC) [7,12,21]. ICI monotherapy (pembrolizumab, atezolizumab, and 

cemiplimab) has significantly improved survival outcomes (PFS or OS) compared with 

chemotherapy in the first-line treatment for advanced NSCLC with PD-L1 expression of 

at least 50% and without epidermal growth factor receptor (EGFR), anaplastic lymphoma 

kinase (ALK), or ROS oncogene 1 (ROS1) aberrations [12,21,24].    

Currently, there are a variety of anti-cancer drugs available in the first-line treatment 

of advanced NSCLC, such as cytotoxic agents, targeted agents, or ICIs. ICIs have trans-

formed the paradigm of treatment for advanced NSCLC without EGFR, ALK, or ROS1 

aberrations. However, randomized trials investigating the efficacy of ICIs as monotherapy 

or in combination with chemotherapy or other targeted agents are lacking for advanced 

NSCLC with high PD-L1 expression. Thus, there is still a need to optimize first-line treat-

ment options for patients with advanced NSCLC highly expressing PD-L1. In the absences 

of head-to-head trials, a Bayesian network meta-analysis (NMA) can allow us to combine 

both direct and indirect evidence and compare several therapeutic regimens using a com-

mon comparator in the individual trials. To give an overview of the current status of im-

munotherapy in advanced NSCSC and suggest optimal frontline treatments for patients 

with high PD-L1 expression (at least 50% of tumor cells), we performed a systematic liter-

ature review and NMA of randomized clinical trials. 

2. Materials and Methods 

 

2.1. Searching strategy 

We searched the Cochrane Central Register of Controlled Trials, PubMed, and EM-

BASE for articles that included the following search terms in their titles, abstracts, or key-

word lists: ‘metastatic or advanced’, ‘non-small cell’, ‘lung’, ‘malignant or neoplasm or 

cancer or carcinoma’, ‘treatment’, ‘chemotherapy’, ‘immune checkpoint inhibitor or im-

munotherapy’ and ‘randomized or randomised’. All eligible studies were retrieved, and 

their bibliographies were checked for other relevant publications. We also scanned the 

reference lists of relevant articles and reviews. In addition, we used the ‘related articles’ 

features in PubMed to identify other potentially eligible articles. In case of duplicate pub-

lications, the recent paper was selected. Two independent reviewers examined the titles, 

abstracts, and full articles to determine the eligibility of the identified trials. Disagree-

ments were resolved through consensus or consultation with a third reviewer. 

 

2.2. Selection criteria  

All potentially eligible studies identified using the search strategy were screened. 

Clinical trials that met the following criteria were reviewed for the NMA: (i) prospective 

randomized phase II or III trials for advanced NSCLC; (ii) trials comparing treatment reg-

imens in the first-line setting; (iii) trials reporting the efficacy according to the level of PD-

L1 expression or studies conducted for advanced NSCLC with greater than or equal to 

50% PD-L1 expression.  

 

2.3. Definition of high PD-L1 expression 

High PD-L1 expression is defined as a tumor proportion score (TPS) ≥ 50% or as ei-

ther ≥ 50% of tumor cells (TC; TC3) or ≥ 10% of tumor-infiltrating immune cells (IC; IC3) 

[4].  
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2.4. Data extraction  

Two independent reviewers extracted the complete data from each included trial us-

ing a standardized data extraction form. Extracted data included the details of the trials 

(year of publication, treatments, number of patients, and histology) and outcome 

measures (PFS and OS). The risk of bias for each trial was assessed by the Cochrane risk 

of bias method. Discrepancies in data extraction were resolved through discussion. 

 

2.5. Data analysis 

The primary outcomes intended to analyze were OS and PFS, which were reported 

as a hazard ratio (HR) and its 95% confidence intervals (CIs). A Bayesian NMA was con-

ducted to evaluate the treatment effects by direct pairwise and indirect comparisons and 

to provide a hierarchical ranking for the treatments without direct comparisons between 

them. Considering the heterogeneity between included trials, a random-effects model was 

incorporated and an informative prior of a log-normal (-3.95, 1.342) distribution was set 

in the Bayesian framework [37].  

The posterior distributions were obtained using Markov-chain Monte Carlo process 

with 5,000 burn-ins and 50,000 iterations of four chains, which were thinned after every 

10th simulation to reduce autocorrelation [38]. The convergence of the model was assessed 

by evaluating the trace plots and Gelman-Rubin diagnostics with a cut-off value of 1.05  

[39]. The effect sizes of the Bayesian NMA were presented as the HR with 95% credible 

intervals (CrIs). To provide the rankings of each treatment, the surface under the cumula-

tive ranking curve (SUCRA) values were calculated. The higher the SUCRA value, the 

higher the likelihood that a treatment would be in the top rank [40].  

The statistical heterogeneity was evaluated using the statistic inconsistency index (I2). 

I2 values of <25%, 25-50%, and >50% indicate low, moderate, and high heterogeneity across 

randomized controlled trials, respectively. To discover the consistency, the node splitting 

analysis was performed to check the differences between direct and indirect comparisons 

among closed loops of each network. Egger’s test and Begg’s test were applied to deter-

mine publication bias across included trials where P values of < 0.05 indicated publication 

bias. The statistical software R (R version 4.0.5, https://www.r-project.org/) and the R 

package GeMTC (version 1.0-1) were used to perform the NMA. 

 

3. Results 

 

3.1. Literature search and study characteristics 

A total of 4,225 studies were retrieved during the literature search, from which 2,127 

duplicates were removed. Of the remaining studies, 1,923 were excluded by inspecting 

titles and abstracts and then the full texts of 175 articles were reviewed. Finally, 22 ran-

domized phase II or III trials were selected for the Bayesian NMA [13,15-17,19-34,41-43]. 

A flow diagram illustrating the process of literature selection is shown in Figure 1. 

 

3.2. Characteristics of the included studies 

The detailed characteristics of the included trials are summarized in Table 1. From 22 

eligible studies, a total of 5,237 NSCLC patients with high PD-L1 expression were in-

cluded in this NMA. The patients were received one of the following 18 treatment strate-

gies: pembrolizumab, pembrolizumab plus doublet, atezolizumab plus doublet, pem-

brolizumab plus ipilimumab, atezolizumab plus bevacizumab plus doublet, bevacizumab 

plus doublet, nivolumab, nivolumab plus ipilimumab, nivolumab plus ipilimumab plus 

doublet, nivolumab plus bevacizumab plus doublet, durvalumab, durvalumab plus 

tremelimumab, durvalumab plus tremelimumab plus doublet, camrelizumab plus dou-

blet, tislelizumab plus doublet, sintilimab plus doublet, cemiplimab, and doublet chemo-

therapy.  
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 4225 Articles identified through database searches 

656 PUBMED 

2258 EMBASE 

1311 COCHRANE 

2098 title and abstracts screened 

2127 Duplicates excluded 

175 Full-text articles assessed for eligibility 

153 excluded 

95 Insufficient data 

26 Duplication 

11 Post hoc analyses or subgroup analyses 

8 Inappropriate comparative arms 

5 Non-randomised studies 

4 Meta-analyses or pooled analyses 

2 Irrelevant topics 

2 Retrospective or observational studies 

1 Review 

22 studies included in the network meta-analysis 

1923 excluded 

501 Reviews 

332 Meta-analyses or pooled analyses 

310 Other diseases excluding NSCLC 

161 Salvage treatments 

138 Irrelevant topics 

133 Translational or basic research 

123 Single arm, retrospective, or observational study 

116 Resectable or locally advanced NSCLC 

60 Protocols, perspectives, corrections, or 

commentaries etc.  

30 Post hoc analyses or subgroup analyses 

19 Case series or case reports 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram showing the 

selection process of studies included in Bayesian network meta-analysis. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2021                   doi:10.20944/preprints202112.0482.v1

https://doi.org/10.20944/preprints202112.0482.v1


 1 
Table 1. Main characteristics of the 22 studies included in the Bayesian network meta-analysis 2 

Study [ref] 
Sample 

Size 
Histology *PD-L1 status: n(%) Intervention Arm Control Arm OS PFS 

KEYNOTE-024 

[13] 
305 NSCLC ≥ 50%: 305 (100) Pembrolizumab 

Doublet chemo-

therapy 
0.62 (0.48-0.81) 0.50 (0.39-0.65) 

KEYNOTE-042 

[15] 
1274 NSCLC ≥ 50%: 599 (47) Pembrolizumab 

Doublet chemo-

therapy 
0.68 (0.57-0.82) 0.85 (0.72-1.02) 

KEYNOTE-189 

[29] 
616 Nonsquamous ≥ 50%: 202 (33) 

Pembrolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.59 (0.40-0.86) 0.35 (0.25-0.49) 

KEYNOTE-407 

[16] 
559 Squamous ≥ 50%: 146 (26) 

Pembrolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.79 (0.52-1.21) 0.37 (0.24-0.58) 

KEYNOTE-598 

[43] 
568 NSCLC ≥ 50%: 568 (100) 

Pembrolizumab + ipili-

mumab 
Pembrolizumab 1.08 (0.85-1.37) 1.06 (0.86-1.30) 

IMpower110 

[21] 
554 NSCLC TC3 or IC3: 205 (37) 

Atezolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.59 (0.40-0.89) 0.63 (0.45-0.88) 

IMpower130 

[19] 
724 Nonsquamous TC3 or IC3: 134 (19) 

Atezolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.84 (0.51-1.39) 0.51 (0.34-0.77) 

IMpower131 

[20] 
1021 Squamous TC3 or IC3: 154 (15) 

Atezolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.48 (0.29-0.81) 0.41 (0.25-0.68) 

IMpower132 

[22] 
578 Nonsquamous TC3 or IC3: 45 (8) 

Atezolizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
0.73 (0.31-1.73) 0.46 (0.22-0.96) 

IMpower150 

[30] 
1047 Nonsquamous ≥ 50%: 206 (24) 

1. Atezolizumab + Bevaci-

zumab + Doublet chemo-

therapy 

Bevacizumab + 

Doublet chemo-

therapy 

0.70 (0.46-1.08) 0.42 (0.28-0.63) 

    
2. Atezolizumab + Doublet 

chemotherapy 
0.76 (0.49-1.17) 0.62 (0.3-0.89) 

CheckMate 026 

[17] 
541 NSCLC ≥ 50%: 214 (40) Nivolumab 

Doublet chemo-

therapy 
0.90 (0.63-1.29) 1.07 (0.77-1.49) 

CheckMate 9LA 

[26] 
719 NSCLC ≥ 50%: 174 (26) 

Nivolumab + Ipilimumab + 

Doublet chemotherapy 

Doublet chemo-

therapy 
0.66 (0.44-0.99) 0.61 (0.42-0.89) 

CheckMate 227 

[25,41] 
1189 NSCLC ≥ 50%: 611 (51) 

1. Nivolumab + Ipili-

mumab 

2. Nivolumab 

Doublet chemo-

therapy 
0.70 (0.55-0.90) - 

MYSTIC 

[27] 
1118 NSCLC ≥ 50%: 333 (30) 

1. Durvalumab + 

Tremelimumab 
Doublet chemo-

therapy 

0.77 (0.56-1.07) 1.05 (0.72-1.53) 

    2. Durvalumab 0.76 (0.55-1.04) 0.87 (0.59-1.29) 

CameL 

[23] 
412 Nonsquamous ≥ 50%: 50 (24) 

Camrelizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
- 0.39 (0.14-0.99) 
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CCTG BR 34 

[42] 
301 NSCLC ≥ 50%: 57 (19) 

Durvalumab + 

Tremelimumab + Doublet 

chemotherapy 

Durvalumab + 

Tremelimumab 
0.56 (0.27-1.17) 0.62 (0.32-1.19) 

RATIONALE 304 

[33] 
334 Nonsquamous ≥ 50%: 110 (33) 

Tislelizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
- 

0.308 (0.167-

0.567) 

RATIONALE 307 

[32] 
360 Squamous ≥ 50%: 125 (35 

Tislelizumab + Doublet 

chemotherapy 

Doublet chemo-

therapy 
- 0.46 (0.31-0.70) 

ORIENT-11 

[31] 
397 Nonsquamous ≥ 50%: 168 (42) 

Sintilimab + Doublet chem-

otherapy 

Doublet chemo-

therapy 
- 

0.310 (0.197-

0.489) 

ORIENT-12 

[34] 
357 Squamous ≥ 50%: 121 (34) 

Sintilimab + Doublet chem-

otherapy 

Doublet chemo-

therapy 
- 

0.458 (0.302-

0.695) 

EMPOWER-Lung 

1 

[24] 

710 NSCLC ≥ 50%: 563 (79) Cemiplimab 
Doublet chemo-

therapy 
0.57 (0.42-0.77) 0.54 (0.43-0.68) 

TASUKI-52 

[28] 
550 Nonsquamous ≥ 50%: 147 (27) 

Nivolumab + Bevacizumab 

+ Doublet chemotherapy 

Bevacizumab + 

Doublet chemo-

therapy 

- 0.55 (0.36-0.83) 

Abbreviations: ref, reference; Beva: bevacizumab; ICI: immune checkpoint inhibitor. 3 
*This network meta-analysis focused on patients with PD-L1 ≥ 50% or TC3/IC3.  4 
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3.3. Network analysis diagrams 16 

In this NMA, the treatment regimens were assigned into one of the following nodes: 17 

ICI monotherapy, ICI plus doublet, double ICIs, double ICIs plus doublet, ICI plus bevaci- 18 

zumab plus doublet, or doublet chemotherapy. The network analysis diagrams for OS 19 

and PFS are shown in Figure 2. 20 

 21 

 22 
Figure 2. The network analysis diagram. 23 
Abbreviations: Beva: bevacizumab; ICI: immune checkpoint inhibitor; Doublet, doublet chemotherapy 24 

 25 

3.4. Risk of bias assessment 26 

Since all studies were well-designed randomized controlled trials, the risk of bias was 27 

low in general across the studies (Figure S1). Although there was no information about 28 

the methods of randomization and allocation concealment in several trials, selection and 29 

attrition bias seemed to be minimal. However, the studies with open-labeled design 30 

(63.6%) were scored as having a high risk of bias in terms of blinding of participants and 31 

personnel. Because almost all studies were analyzed based on the intention-to-treat pop- 32 

ulation and reported sufficient endpoints, a low risk of bias was observed with respect to 33 

the incomplete outcome data and selective reporting.  34 

 35 

3.5. Progression-free survival 36 

Seven network nodes covering 17 treatment regimens were included in the Bayesian 37 

NMA for PFS. The Gelman-Rubin diagnostic statistic value of 1.006 supported the model 38 

convergence, and the statistical heterogeneity was low across the trials (I2=14%) by fitting 39 

the random-effects model with appropriate informative prior distributions. Egger’s and 40 

Begg’s tests with a funnel plot indicated that there was no significant publication bias 41 

(Egger’s P=0.300, Begg’s P=0.082). The node-splitting model indicated that there were no 42 

significant differences between direct and indirect comparisons, suggesting no incon- 43 

sistency in the network. 44 

The forest plot revealed that four network nodes had significant superiority to dou- 45 

blet chemotherapy (Figure 3). ICI plus doublet chemotherapy had a significantly better 46 

PFS over ICI monotherapy (HR=0.571, 95% CrI: 0.454-0.709). The relative effects of all net- 47 

work node pairs on PFS are summarized in Table 2. Based on the SUCRA values, ICI plus 48 

bevacizumab plus doublet chemotherapy had the highest probability of being the most 49 

effective regimen (98.1%), followed by ICI plus doublet chemotherapy (82.9%).  50 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2021                   doi:10.20944/preprints202112.0482.v1

https://doi.org/10.20944/preprints202112.0482.v1


 

 51 

 52 
Figure 3. Network forest plot of treatment regimens compared with doublet chemotherapy for PFS 53 

 54 

3.6. Overall survival 55 

In this Bayesian NMA, 14 treatment regimens were available for OS analysis and as- 56 

signed into seven network nodes. Model convergence was confirmed based on the Gel- 57 

man-Rubin diagnostic statistic value of 1.009 and diagnostic plots. Statistical heterogene- 58 

ity was found to be low across the included trials (I2 = 0%) after applying the random- 59 

effects model with appropriate informative prior distributions. Significant publication 60 

bias was not observed when Egger’s and Begg’s tests with a funnel plot were performed 61 

(Egger’s P=0.868, Begg’s P=0.371). The node-splitting analysis revealed that there were no 62 

significant differences between the direct and indirect estimates, indicating no incon- 63 

sistency in the network. 64 

Except for bevacizumab plus doublet chemotherapy, all treatments demonstrated a 65 

significantly reduced risk of death compared with doublet chemotherapy (Figure 4). 66 

However, none of treatment regimens incorporating ICI showed significantly better OS 67 

than others in patients with NSCLC highly expressing PD-L1. Especially, ICI plus doublet 68 

chemotherapy failed to show a significant superiority over ICI monotherapy (HR = 0.978, 69 

95% CrI: 0.771-1.259).    70 

The relative effects of all network node pairs for OS are presented in Table 3. The 71 

ranking of each treatment strategy was estimated according to the SUCRA values. Double 72 

ICIs plus doublet chemotherapy had the highest SUCRA value (79.1%), followed by ICI 73 

plus bevacizumab plus doublet (73.4%). ICI doublet (64.9%) and ICI (61.8%) have a similar 74 

SUCRA value indicating that they are equally effective against NSCLC with high PD-L1 75 

expression in terms of OS. 76 

 77 
Figure 4. Network forest plot of each treatment strategy compared with doublet chemotherapy for 78 
OS. 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 
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Table 2. The league table for the relative effects of all pairs of the network nodes and ranking for the probability of each network node to be the best 87 
for PFS based on the SUCRA values.  88 

      SUCRA 98.1 

ICI_Beva_Doublet 

     SUCRA 82.9 

ICI_Doublet 

0.714 

(0.423, 1.203) 

    SUCRA 55.7 

Double_ICIs_Doublet  

0.686 

(0.45, 1.032) 

0.489 

(0.249, 0.949) 

   SUCRA 51.7 

Beva_Doublet 

0.977 

(0.492, 2.002) 

0.671 

(0.382, 1.19) 

0.478 

(0.339, 0.678) 

  SUCRA 39.7 

ICI 

0.850 

(0.462, 1.546) 

0.832 

(0.561, 1.235) 

0.571 

(0.454, 0.709) 

0.407 

(0.229, 0.716) 

 SUCRA 20.2 

Double_ICIs 

0.856 

(0.665, 1.073) 

0.725 

(0.379, 1.367) 

0.712 

(0.465, 1.059) 

0.487 

(0.352, 0.652) 

0.347 

(0.188, 0.632) 

SUCRA 1.8 

Doublet 

0.816 

(0.641, 1.078) 

0.699 

(0.605, 0.815) 

0.595 

(0.327, 1.068) 

0.581 

(0.399, 0.854) 

0.398 

(0.336, 0.473) 

0.285 

(0.163, 0.493) 
Abbreviations: Beva: bevacizumab; ICI: immune checkpoint inhibitor; doublet, doublet chemotherapy. 89 

Bold indicates statistically significant differences. 90 
 91 
 92 

 93 

 94 

 95 

 96 

 97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 

 105 

 106 

 107 

 108 

 109 
Table 3. The league table for the relative effects of all pairs of the network nodes and ranking for the probability of each network node to be the best 110 
for OS based on the SUCRA values.  111 
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      SUCRA 79.1 

Double_ICIs_Doublet 

     SUCRA 73.4 

ICI_Beva_Doublet 

0.970 

(0.533, 1.748) 

    SUCRA 64.9 

ICI_Doublet 

0.923 

(0.61, 1.442) 

0.892 

(0.598, 1.385) 

   SUCRA 61.8 

ICI 

0.978 

(0.771, 1.259) 

0.907 

(0.555, 1.502) 

0.877 

(0.61, 1.294) 

  SUCRA 41.7 

Double_ICIs 

0.920 

(0.793, 1.089) 

0.902 

(0.691, 1.201) 

0.840 

(0.51, 1.381) 

0.808 

(0.564, 1.188) 

 SUCRA 24.2 

Beva_Doublet 

0.849 

(0.493, 1.427) 

0.783 

(0.466, 1.28) 

0.768 

(0.487, 1.172) 

0.709 

(0.455, 1.118) 

0.694 

(0.372, 1.245) 

SUCRA 4.9 

Doublet 

0.856 

(0.53, 1.412) 

0.730 

(0.621, 0.849) 

0.671 

(0.604, 0.751) 

0.658 

(0.529, 0.829) 

0.609 

(0.378, 0.99) 

0.588 

(0.415, 0.853) 
Abbreviations: Beva: bevacizumab; ICI: immune checkpoint inhibitor, doublet, doublet chemotherapy 112 

                             Bold indicates statistically significant differences. 113 
 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2021                   doi:10.20944/preprints202112.0482.v1

https://doi.org/10.20944/preprints202112.0482.v1


4. Discussion 131 

For this Bayesian NMA, we analyzed survival data of a total of 5,237 patients from 132 

22 randomized phase II or III trials in the first-line treatment setting for advanced NSCLC 133 

[13,15-17,19-34,41-43]. Our study used the most recent clinical outcomes and the most ap- 134 

propriate statistical methods for ICI immunotherapy-specific considerations. The analysis 135 

focused on patients whose tumors had high PD-L1 expression (≥ 50%). Based on the SU- 136 

CRA values, ICI plus bevacizumab plus chemotherapy or ICI plus chemotherapy is likely 137 

to be the best options in terms of OS.  138 

Compared to patients with no PD-L1 expression by IHC, those showing PD-L1 ex- 139 

pression on tumor cells and/or tumor-infiltrating immune cells tend to enjoy better out- 140 

comes from ICIs, as monotherapy or as part of combination therapy [7-14]. In term of PFS 141 

or OS, the greatest benefit of ICIs has been observed in the subgroup of patients with 142 

greater than or equal to 50% PD-L1 expression [15,16,19,33]. Thus, PD-L1 may serve as an 143 

effective tumor biomarker for most ICIs in advanced NSCLC, with increasing PD-L1 ex- 144 

pression correlating with even better outcomes.  145 

An increasing number of studies have suggested that there may be the synergistic 146 

anti-tumor effects between ICIs and chemotherapy. Cytotoxic agents may exhibit positive 147 

immuno-modulatory effects by releasing high level of tumor antigens and changing tu- 148 

mor micro-environment [44,45]. Accordingly, the combination of ICI and chemotherapy 149 

may reveal greater efficacy than chemotherapy alone, particularly in patients with lower 150 

PD-L1 expression levels. Actually, many randomized clinical trials have suggested that 151 

combining an anti-PD-1 mAb (pembrolizumab, camrelizumab, tislelizumab, sintilimab) 152 

or anti-PD-L1 inhibitor (atezolizumab) with platinum-doublet chemotherapy could sig- 153 

nificantly improve PFS or OS compared with chemotherapy alone in patients with ad- 154 

vanced squamous and nonsquamous NSCLC, irrespective of the level of PD-L1 expres- 155 

sion [16,18,19,23,32,34,41]. Recently, camrelizumab, a humanized mAb against PD-1, in 156 

combination with pemetrexed plus carboplatin achieved a significant improvement of 157 

PFS (median 11.3 vs 8.3 mo, HR=0.60, 95% CI: 0.45-0.79) compared with chemotherapy 158 

alone in Chinese patients with advanced nonsquamous NSCLC [23]. Sintilimab is an IgG4 159 

anti-PD-1 mAb that blocks the interaction of PD-1 and its ligands with high affinity [46]. 160 

In the phase III ORIENT-11 study, the addition of sintilimab to chemotherapy 161 

(pemetrexed plus platinum) led to significantly longer OS (median not reached vs. 16.8 162 

mo, HR=0.60, 95% CI: 0.45-0.79) for advanced nonsquamous NSCLC [31]. In addition, the 163 

ORIENT-12 study found that adding sintilimab to gemcitabine plus platinum significantly 164 

prolonged PFS (HR=0.536, 95% CI: 0.422-0.681) compared with chemotherapy alone as 165 

first-line treatment for advanced squamous NSCLC [34]. Tislelizumab is a mAb with high 166 

binding affinity to PD-1 receptor which was specifically engineered to minimize Fcγ re- 167 

ceptor binding on macrophages. In the phase III randomized clinical trial (RATIONALE 168 

307), adding tislelizumab to chemotherapy (paclitaxel or nab-paclitaxel plus carboplatin) 169 

was associated with significantly improved ORR and PFS in Chinese patients with treat- 170 

ment-naive advanced squamous NSCLC, regardless of PD-L1 expression [32]. 171 

Besides ICIs targeting PD-l/PD-L1, cytotoxic T-lymphocyte-associated protein-4 172 

(CTLA-4) checkpoint inhibitors also enhance T-cell activity against tumors with different 173 

complementary mechanisms. The first phase III study of dual immunotherapy, Check- 174 

Mate 227, investigated the efficacy of nivolumab plus ipilimumab compared with plati- 175 

num-based chemotherapy as frontline treatment of advanced NSCLC without EGFR or 176 

ALK mutations [25]. The updated results of the CheckMate 227 part 1 recently reported 177 

[41]. With a median follow-up 54.8 months, OS remained longer with nivolumab plus 178 

ipilimumab versus chemotherapy not only in patients with PD-L1 greater than or equal 179 

to 1% (HR=0.76, 95% CI: 0.65-0.90) but also in patients with PD-L1 less than 1% (HR=0.64, 180 

95% CI: 0.51-0.81). In the CheckMate 9LA trial, first-line nivolumab plus ipilimumab com- 181 

bined with two cycles of chemotherapy improved OS versus chemotherapy alone (median 182 

OS 15.6 vs. 10.9 mo, HR=0.66, 95% CI: 0.55-0.80) in patients with advanced NSCLC [26]. 183 

In the phase III MYSTIC trial, however, dual immunotherapy with durvalumab and 184 

tremelimumab failed to improve PFS (median 3.9 vs. 5.4 mo, HR=1.05, 99.5% CI: 0.722- 185 
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1.534) or OS (median 11.9 vs. 12.9 mo, HR=0.85, 98.77% CI: 0.611-1.173) compared with 186 

chemotherapy in advanced NSCLC with PD-L1 ≥ 25% [27]. In addition, the addition of 187 

chemotherapy to durvalumab plus tremelimumab in the first-line treatment of stage IV 188 

NSCLC did not improve survival compared to durvalumab plus tremelimumab alone in 189 

the randomized phase II trial (CCTR BR 34 study) [42]. Based on the results from the 190 

CheckMate 227 and CheckMate 9LA, nivolumab plus ipilimumab or nivolumab plus ipili- 191 

mumab in combination with two cycles of chemotherapy might be new options for the 192 

frontline treatment of advanced NSCLC. However, given the increased cost and adverse 193 

effects of dual immunotherapy with or without chemotherapy, it seems to be necessary to 194 

explore the adequate population for these regimens. 195 

For patients with advanced NSCLC expressing PD-L1 of at least 50%, the results from 196 

several randomized studies indicate that ICI monotherapy is superior to chemotherapy in 197 

terms of both survival benefits and toxicity profile [14,24]. In the KEYNOTE-024 study, 198 

pembrolizumab provided meaningful survival benefits in both PFS (median 7.7 vs. 5.5 199 

mo, HR=0.50, 95% CI: 0.39-0.65) and OS (median 26.3 vs. 13.4 mo, HR=0.62, 95% CI: 0.48- 200 

0.81) versus chemotherapy as first-line therapy for metastatic NSCLC with PD-L1 tumor 201 

proportion score greater than 50% [13]. In the EMPOWER-Lung 1 study, cemiplimab, a 202 

fully human, hinge-stabilized, immunoglobulin G4, anti-PD-1 mAb, also significantly im- 203 

proved PFS (median 8.2 vs. 5.7 mo, HR=0.54, 95% CI: 0.43-0.68) and OS (median not 204 

reached vs. 14.2 mo, HR=0.57, 95% CI: 0.42-0.77), compared with chemotherapy in patients 205 

with advanced NSCLC expressing PD-L1 of at least 50% [24]. The Impower150 study was 206 

the first phase III trial to evaluate ICI (atezolizumab) in combination with an anti-angio- 207 

genic agent (bevacizumab) plus chemotherapy (paclitaxel and carboplatin) as frontline 208 

treatment of advanced nonsquamous NSCLC [17]. The results indicated that adding ate- 209 

zolizumab to chemotherapy plus bevacizumab significantly prolonged OS (HR=0.80, 95% 210 

CI: 0.67-0.95), compared with chemotherapy plus bevacizumab. Interestingly, the explor- 211 

atory analyses found that median OS was longer in the atezolizumab plus chemotherapy 212 

arm versus the bevacizumab plus chemotherapy arm (23.3 vs. 11.2 mo, HR=0.59, 95% CI: 213 

0.39-0.90) in the SP263-defined PD-L1-high subgroup (PD-L1 expressing tumor cells ≥ 214 

50%). In addition, the improvement of OS was also observed in the atezolizumab-bevaci- 215 

zumab-chemotherapy arm versus the bevacizumab-chemotherapy arm (median 21.8 vs. 216 

11.2 mo, HR=0.62, 95% CI: 0.40-0.94) in the PD-L1-high subgroup [17]. In the recent phase 217 

III KEYNOTE-598 study, however, adding ipilimumab to pembrolizumab failed to im- 218 

prove efficacy and was associated with greater toxicity than pembrolizumab monother- 219 

apy as first-line treatment for metastatic NSCLC with PD-L1 TPS ≥ 50% and no targetable 220 

EGFR or ALK aberrations [43]. 221 

As we reviewed above, available data indicate that the addition of ICIs to chemother- 222 

apy with or without an anti-angiogenic agent increases survival benefits in advanced 223 

NSCLC, regardless of PD-L1 expression proportions [16-19,23,32,34]. Except for the KEY- 224 

NOTE-598 study [43], however, no randomized clinical trials comparing the efficacy of 225 

ICIs as monotherapy versus combination with other treatment options are now available 226 

for patients with advanced NSCLC highly expressing PD-L1. Because this subgroup may 227 

achieve greater survival benefits from anti-PD-1/PD-L1 mAbs than chemotherapy, spar- 228 

ing those patients the risk of increased toxicities with combination of other agents should 229 

be an important consideration. In this Bayesian NMA of 22 randomized phase II or III 230 

trials with a total of 5,237 patients, we indirectly compared survival outcomes of the seven 231 

treatment nodes (ICI monotherapy, ICI plus doublet chemotherapy, double ICIs with or 232 

without doublet chemotherapy, bevacizumab plus doublet chemotherapy with or with- 233 

out ICI, and doublet chemotherapy) as first-line treatment for advanced NSCLC with high 234 

PD-L1 expression. In terms of PFS, four network nodes (ICI monotherapy, ICI plus chem- 235 

otherapy, and bevacizumab plus chemotherapy with or without ICI) showed significant 236 

superiority, compared with chemotherapy alone. Interestingly, ICI plus chemotherapy 237 

had a significantly better PFS over ICI monotherapy (HR=0.571, 95% CrI: 0.454-0.709). 238 

When the ranking of each treatment was estimated according to SUCRA values, ICI plus 239 

bevacizumab plus chemotherapy had the highest probability of being the most effective 240 
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regimen (98.1%), followed by ICI plus chemotherapy (82.9%). In terms of OS, all treatment 241 

regimens except for bevacizumab plus chemotherapy demonstrated longer survival com- 242 

pared with chemotherapy alone. However, none of treatment regimens incorporating ICI 243 

showed significantly better OS than others. Especially, ICI plus chemotherapy failed to 244 

show a significant superiority over ICI monotherapy (HR = 0.978, 95% CrI: 0.771-1.259), 245 

indicating ICI plus chemotherapy has no survival advantage compared with ICI mono- 246 

therapy for patients with PD-L1 expression of at least 50%. Based on the SUCRA values, 247 

dual immunotherapy plus chemotherapy had the highest value (79.1%), followed by ICI 248 

plus bevacizumab plus chemotherapy (73.4%). However, it should be considered that 249 

only one or two studies were included in these treatment nodes. Moreover, dual immu- 250 

notherapy (64.9%) and ICI monotherapy (61.8%) have similar SUCRA values suggesting 251 

that they are equally effective in terms of OS against advanced NSCLC with high PD-L1 252 

expression.  253 

Several limitations of this study need to be mentioned. First, this NMA was per- 254 

formed using aggregated data of results from the eligible trials, not individual-patient 255 

data. Second, only one or two studies were included in two treatment nodes (double ICI 256 

plus doublet and ICI plus bevacizumab plus doublet), which could result in estimates 257 

with lower statistical power. Third, we did not stratified patients according to the histol- 258 

ogy (squamous or non-squamous) because of the limited number of available studies for 259 

each histology. Forth, we did not compare the toxicity profiles between treatment strate- 260 

gies in the current study because other network meta-analyses have demonstrated that 261 

ICI monotherapy had significantly lower odds of any adverse events than chemotherapy 262 

or combination of ICI and chemotherapy [4, 36]. Finally, the IHC methods measuring PD- 263 

L1 expression level were different among studies, which might cause patients to be mis- 264 

classified.  265 

In conclusion, we combined both direct and indirect evidence in this NMA of ran- 266 

domized trials to suggest frontline treatments for advanced NSCLC with high PD-L1 ex- 267 

pression (≥ 50%). The results indicated that treatment regimens combined with immuno- 268 

therapy reveal better survival outcomes compared with chemotherapy alone. Based on 269 

the SUCRA values, ICI plus bevacizumab plus chemotherapy or ICI plus chemotherapy 270 

might to be the best options in terms of OS. However, there was no significant difference 271 

of survival outcomes among treatment regimens combined with immunotherapy. More- 272 

over, ICI plus chemotherapy failed to reveal significant survival benefits over ICI mono- 273 

therapy. In terms of both OS and safety, therefore, ICI monotherapy may also be reason- 274 

able as first-line treatment for advanced NSCLC with high PD-L1 expression and no tar- 275 

getable aberrations. Considering no prospective direct comparison is now available, how- 276 

ever, the choice of treatment should be determined based on patient-specific factors after 277 

open discussion with the patient on the benefits, cost, and risks of each option. Random- 278 

ized clinical trials are still warranted in order to identify the best therapeutic strategy for 279 

patients with advanced NSCLC highly expressing PD-L1. 280 

 281 
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