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Introduction: Monoclonal antibodies (mAbs) against cytokines and chemokines or their receptors promise to be a potential therapeutic option to address chronic obstructive pulmonary disease (COPD). We aim to provide a comprehensive literature review of the improvement in FEV1 and safety when comparing mAbs with conventional dichotomous agents.

Methods: We systematically searched 3 electronic databases (PubMed, EMBASE, and CENTRAL) up to August 1, 2023 to collect eligible randomized controlled trials (RCTs). A frequentist network meta-analysis using a random-effects model was deployed to calculate mean differences (MD) for FEV1, relative risk (RR) of treatment-emergent adverse events (TEAEs), and estimate the surface under cumulative rankings (SUCRA). A higher SUCRA indicates a better outcome.

Results: This study included 23 RCTs involving a total of 20,853 patients. Overall, except for Dupilumab, mAbs did not significantly improve FEV1 compared to traditional conventional dichotomous agents. Among all the interventions included, Aclidinium bromide/Formoterol (AB/FF) (SUCRA 97.7%) ranked highest, followed by Umeclidinium/vilanterol (UMEC/VI) (SUCRA 93.5%), and Glycopyrrolate Formoterol Fumarate (GFF) (SUCRA 84.7%). Dupilumab (SUCRA 66.9%) ranked the fourth among all interventions but ranked the first among all the mAbs. Importantly, all mAbs demonstrated a good safety profile compared with placebo.

Conclusion: Considering the improvement in FEV1 and its safety, the development of mAbs for COPD still holds significant clinical potential.

Systematic review registration: PROSPERO, CRD42023452714.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous lung condition characterized by chronic respiratory symptoms (dyspnea, cough, sputum production and/or exacerbations) due to abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive, airflow obstruction (1). According to a large-scale epidemiological study based on the Global Initiative for Chronic Obstructive Lung Disease fixed ratio (GOLD; FEV1/FVC < 0.7) criteria, the global prevalence of COPD is estimated to be 10.3%. Furthermore, with the continued growth of the population and aging in low-income and middle-income countries (LMICs), the prevalence of COPD is expected to rise further (2). COPD poses a significant threat to human health and remains a major cause of death. It is estimated that more than 5.4 million patients will annually succumb to COPD and related diseases by 2060 (3). In addition, COPD places a huge financial burden on patients, their families, and society.

Bronchodilators represent the cornerstone treatments for COPD, and the combination of long-acting muscarinic antagonists (LAMAs) and long-acting β2 agonists (LABAs) has proven to be more effective than monotherapy (4, 5). In line with the 2023 GOLD guidelines, initial treatment for patients in Group B, patients who experience a higher level of symptoms but are at a lower risk of exacerbations, should consist of a combination of LAMA and LABA, and treatment escalation is recommended if symptoms are not adequately controlled on bronchodilator monotherapy (1). In cases of moderate to severe COPD and acute exacerbations, a combination of an inhaled corticosteroid (ICS) with an LABA has demonstrated superior outcomes in improving lung function and health status as well as reducing exacerbations when compared to using either component alone (6, 7).

Inflammatory responses play a pivotal role in COPD, with numerous inflammatory mediators, including lipid mediators, cytokines, chemokines, and peptides, contributing to the complex inflammatory processes observed in this condition. These mediators are responsible for the recruitment and activation of inflammatory cells, as well as the structural changes that occur over time (8). Unfortunately, inflammation in COPD is often resistant to corticosteroid treatment (9). As a result, identifying effective and well-tolerated anti-inflammatory drugs for COPD patients remains a significant challenge (10). Monoclonal antibodies (mAbs) targeting cytokines and chemokines or their receptors show promise as potential therapeutic options for addressing the inflammatory component of COPD (11), given their success in treating chronic inflammatory diseases such as severe asthma, rheumatoid arthritis, and inflammatory bowel disease (9). Despite COPD patients receiving inhaled drug therapy, there remains a risk of lung function decline and exacerbations. Therefore, this study aims to compare the effects of adding mAbs therapy to inhaled drug therapy with dual therapy on pulmonary function in COPD patients, expecting to provide additional evidence for the use of mAbs in patients with COPD.



Methods

This was a Network meta-analysis (NMA) of the efficacy and safety of mAbs and conventional dual therapy agents in COPD patients. We conducted this NMA following the guidelines provided by the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement. Our study was registered with PROSPERO (CRD42023452714).


Literature search strategy

We performed a comprehensive search of three databases including PubMed, EMBASE, and the Cochrane Central Register of Controlled Trials (CENTRAL) from the inception until August 2023 to identify randomized controlled trials (RCTs) that evaluated mAbs or dual therapy for COPD. The search keywords included “Pulmonary Disease, Chronic Obstructive,” “Chronic Obstructive Pulmonary Diseases,” “COPD,” “Formoterol,” “Glycopyrrolate,” “Monoclonal antibody,” “Benralizumab,” “Mepolizumab” and “Dupilumab” etc. as MeSH and free text terms. The search was conducted without any language restrictions Details regarding the search strategies were shown in Supplementary Table S1.



Study selection

We included RCTs that met the following criteria: (1) Trials including patients with COPD; (2) Receiving dual therapy (budesonide/formoterol (BF), umeclidinium/vilanterol (UMEC/VI), fluticasone furoate/ vilanterol (FF/VI), glycopyrrolate formoterol fumarate (GFF), and aclidinium bromide formoterol (AB/FF)) or mAbs (benralizumab, mepolizumab, reslizumab, canakinumab, ABX-IL8, infliximab, etanercept, itepekimab, astegolimab, lebrikizumab, CNTO-6785, MEDI-8986, AMG-282, tozorakimab, and dupilumab) in combination with conventional therapy; and (3) Trials reporting the change in forced expiratory volume in the first second (FEV1) from baseline among patients at the end of the treatment period were included. Studies meeting the following criteria were excluded: (1) Duplicate publications; (2) Trials with no relevant data and inconsistent outcome measures. Two reviewers independently screened titles and abstracts, and reviewed full texts to decide on studies to be included. Any discrepancies regarding study selection were resolved by consensus or consultation with a third reviewer.



Data extraction and quality assessment

For every included study, the independent reviewer extracted the following data: (1) Basic information of included studies: study title, first author and number of included patients; (2) Baseline characteristics of study population: age, sex, smoking status, proportion of patients with severe and very severe COPD, mean pre-bronchodilator FEV1, mean post-bronchodilator FEV1, mean pre-bronchodilator FEV1% predicted (Pre-FEV1%), mean post-bronchodilator FEV1% predicted (Post-FEV1%); (3) Intervention measures: type of intervention and duration of treatment; and (4) The outcomes of interest: change in FEV1 from baseline among patients at the end of the treatment period and the risk of adverse events (AEs), and the change in FEV1 is in litres (L).

Two reviewers(YX and JQH) independently assessed the risk of bias of included trials using the Version 2 of the Cochrane tool for assessing risk of bias in randomized trial(RoB-2) (12, 13).



Statistical analyses

Statistical analysis was performed using Stata 17.0 and R 4.2.3 software. A frequentist NMA using a random-effects model was deployed to calculate mean differences (MDs) with 95% confidence intervals (CIs) for FEV1 and calculate relative risk (RR) with 95% CI for the incidence of treatment-emergent adverse events (TEAEs). The efficacy and safety of each drug intervention regimen for each outcome was predicted using the surface under the cumulative ranking curve (SUCRA). The assessment of the inconsistency of the network was unavailable because the network in our analysis was star-shaped and did not have a closed loop. The level of statistical significance was set as p < 0.05.




Results


Study selection and study characteristics

The process of study selection is presented in the PRISMA study flow diagram (Figure 1). A total of 859 relevant articles were included in the initial search, and 82 duplicate studies and 463 unrelated studies were excluded during the screening of titles and abstracts. After reviewing the full texts of 314 articles, a total of 20 articles including 23 RCTs that met the criteria were included, of which 13 were dual therapy RCTs and 10 were mAbs therapy RCTs. A total of 13 interventions (ABX-IL8, Benralizumab, Mepolizumab, Itepekimab, Astegolimab, Dupilumab, MEDI-8968, CNTO-6785, BF, UMEC/VI, GFF, AB/FF, FF/VI) that were compared with placebo were included, and the characteristics of the studies and patients are shown in Table 1.
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FIGURE 1
 Process for identifying studies eligible for the network meta-analysis.




TABLE 1 Baseline characteristics of the included studies.
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Risks of bias

Eleven trials exhibited a low risk of bias on the randomization process, whereas 9 studies had “some concerns” for this domain. Both cross-over trials appear as “some concerns” in the domain of Bias arising from period and carryover effects. No studies showed a high risk in Deviations from the intended interventions, Missing outcome data and Measurement of the outcome. In terms of Selection of the reported results, one study was high risk and two studies had “some concerns.” In the overall risk-of-bias judgment, we classified nine studies as “low” and eleven as “some concerns.” The quality assessment of the articles included in the meta-analysis was summarized in Figure 2. Funnel plots suggested there was no publication bias among these studies (Figure 3).
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FIGURE 2
 Risk of bias assessment of RCTs using the ROB-2 tool. (A) Traffic light plot in individually-randomized and parallel-group trials. (B) Weighted summary plot of the overall type of bias encountered in individually-randomized and parallel-group trials. (C) Traffic light plot in crossover trials. (D) Weighted summary plot of the overall type of bias encountered in crossover trials.
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FIGURE 3
 Funnel plot of publication bias. A, Placebo; B, ABX-IL8; C, Benralizumab; D, Mepolizumab; E, Itepekimab; F, Astegolimab; G, MEDI-8968; H, CNTO-6785; I, BF; J, UMEC/VI; K, FF/VI; L, GFF; M, AB/FF; N, Dupilumab.




Network meta-analysis

In this NMA, we compared the treatment effects and safety of ABX-IL8, Benralizumab, Mepolizumab, Itepekimab, Astegolimab, Dupilumab, MEDI-8968, CNTO-6785, BF, UMEC/VI, GFF, and AB/FF. The network plot is shown in Figure 4, all trials were linked by a common placebo control group and failed to form a closed loop therefore comparisons were made using an indirect model. Among the interventions, UMEC/VI and GFF interventions stand out prominently, in terms of both the number of trials and the number of patients included in the NMA.
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FIGURE 4
 Network map of the study.




Primary outcome of FEV1 improvement

Twenty-three RCTs involving 20,853 patients compared the efficacy of different mAbs or dual therapies in terms of FEV1 improvement. The results of NMA are presented in Table 2.



TABLE 2 Network meta-analysis comparisons for FEV1 improvement.
[image: Table2]

Compared with placebo, Dupilumab (MD = 0.08, 95% CI (0.01, 0.16)), BF (MD = 0.07, 95% CI (0.01, 0.13)), UMEC/VI (MD = 0.19, 95% CI (0.15, 0.22)), GFF (MD = 0.15, 95% CI (0.12, 0.18)), and AB/FF (MD = 0.22, 95% CI (0.14, 0.30)) significantly increased FEV1. Almost all mAbs (ABX-IL8, Benralizumab, Mepolizumab, Itepekimab, Astegolimab, MEDI-8968, CNTO-6785) were inferior to UMEC/VI, AB/FF, and GFF (p < 0.05). Dupilumab was inferior to UMEC/VI (MD = −0.10, 95% CI (−0.19, −0.02)) and AB/FF (MD = −0.14, 95% CI (−0.25, −0.03)). When it comes to dual therapies, BF was inferior to UMEC/VI (MD = −0.12, 95% CI (−0.19, −0.04)), GFF (MD = −0.08, 95% CI (−0.15, −0.01)), AB/FF (MD = −0.15, 95% CI (−0.25, −0.05)). FF/VI was inferior to UMEC/VI, (MD = −0.18, 95% CI (−0.24, −0.11)), GFF (MD = −0.14, 95% CI (−0.21, −0.07)), AB/FF (MD = −0.21, 95% CI (−0.31, −0.11)). And no significant differences were observed between AB/FF, UMEC/VI, and GFF. The MD/RR (95%CI) for each study and pooled treatment effect in each comparison were shown in Supplementary Figure S1.

The ranking probability based on SUCRA indicated that AB/FF (97.7%) had the highest probability of being the best treatment option for improving FEV1, followed by UMEC/VI (SUCRA 93.5%), and GFF (SUCRA 84.7%). Dupilumab (SUCRA 66.9%) ranked the fourth among all the interventions, while ranked the first among all the mAbs. The details are shown in Figure 5.
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FIGURE 5
 Ranking of treatment strategies based on SUCRA.




Safety outcomes

For the safety evaluation, this study focused on analyzing the incidence of TEAEs across all the 13 interventions. The incidence of patients with ≥1 TEAEs in conventional dichotomous agents (BF, UMEC/VI, GFF, AB/FF, FF/VI) was between 7.1 and 67.1%. While the incidence of mAbs (ABX-IL8, Benralizumab, Mepolizumab, Itepekimab, Astegolimab, Dupilumab, MEDI-8968, CNTO-6785) was between 61.6 and 88.2% (see Supplementary Table S3).

There was no statistically significant differences in TEAEs rates for any of the interventions compared to placebo (p > 0.05) (Supplementary Table S2).

AB/FF had a lower incidence of TEAEs than Mepolizumab (RR = 0.56, 95% CI (0.32, 0.99)), Astegolimab (RR = 0.52, 95% CI (0.28, 0.97)), and ABX-IL8 (RR = 0.48, 95% CI (0.26, 0.90)). And with the exception of AB/FF, there was no statistical difference in the incidence of TEAEs between most of the dual agents and mAbs (p > 0.05). The ranking probability of safety based on SUCRA showed that Benralizumab, Dupilumab, MEDI-8968, and GFF have consistent safety profiles (50.2% VS 48.3% VS 46.3% VS 49.5%). The SUCRA in Itepekimab, FF/VI, CNTO-6785, and UMEC/VI was 63.1, 63.9, 33.3, 36.2%, respectively (Figure 6). The RR (95%CI) for each study and pooled treatment effect in each comparison were shown in Supplementary Figure S2. AEs reported in each trial were summarized in Supplementary Table S3.
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FIGURE 6
 Ranking of safety outcomes based on SUCRA.





Discussion

This meta-analysis included 23 RCTs from 20 articles with 20,853 participants and compared the effects of mAbs and some of the traditional duplex preparations (ICS + LABA\LAMA+LABA) on FEV1. We found the data of Interleukin-8(IL-8) antagonist ABX-IL8, IL-5 antagonist Mepolizumab, IL- 5R antagonist Benralizumab, IL-33 antagonist Itepekimab, IL-33/ST2(IL1 receptor-like 1) antagonist Astegolimab, IL-1R1 antagonist MEDI-8968, IL-17A antagonist CNTO-6785, IL-4Rα antagonist Dupilumab. Our results showed that only Dupilumab significantly improved lung function in COPD patients among all mAbs, and it has comparable effects on lung function improvement as compared to GFF, BF, FF/VI. Therefore, from the perspective of FEV1 improvement, COPD patients can benefit from Dupilumab as a treatment option.

The results of Benralizumab and Itepekimab in the present study were consistent with those of the study conducted by Wu et al. (34). However, Wu et al. did not include as extensive a body of literature as the present study. In previous studies, Benralizumab performed well in all mAbs against COPD (35). Benralizumab, targeting and blocking the action of IL-5 receptor alpha (IL-5Rα), has received a great deal of attention after previous studies suggested that targeting the IL-5-activated pathway may be beneficial for COPD patients (36, 37). IL-5 is a cytokine that plays a crucial role in the activation and survival of eosinophils, a type of white blood cell involved in the immune response (38). By blocking IL-5Rα, Benralizumab reduces the number of eosinophils in the blood and airways, thereby reducing airway inflammation (36, 39). The meta-analysis by Paola et al. also showed that Benralizumab is very promising for development (35). However, according to the results of this study, increasing the latest research results of Benralizumab (NCT02138916 and NCT02155660), it did not show enough advantage in terms of pulmonary function improvement. Nevertheless, it is worth stating that this study could not rule out a potential benefit of benralizumab in COPD patients with high eosinophil count. Therefore, future studies focusing on the effects of Benralizumab/Mepolizumab on lung function in eosinophilic COPD subgroup are needed.

In this study, Dupilumab showed better developmental promise as far as lung function improvement is concerned (40). Dupilumab is a fully human monoclonal antibody that binds IL-4Rα and inhibits signaling of both IL-4 and IL-13 (33), which plays a central role in the inflammatory processes. Moreover, IL-5/IL-5Rα, Immunoglobulin E (IgE) and Janus Kinase(JAK1/2) are all downstream of the IL-4/IL-13 signaling pathway, whereas by inhibiting IL-4Rα it is possible to block the IL-4/IL-13 signaling pathway from upstream, and thus inhibit T helper 2 cell(Th2)-mediated type II inflammation (41). Based on the RCT results of Dupilumab, in addition to improved lung function, patients treated with Dupilumab had fewer exacerbations, better quality of life, and fewer respiratory symptoms than those treated with placebo, which is a very promising application. However, it is true that in this study, there is no way to avoid the impact of data imbalance on the results, especially since there is currently only one RCT result of Dupilumab. Like Benralizumab, which demonstrated favourable clinical outcomes in the 2014 study but failed to achieve the desired results in a large phase 3 trial with an expanded sample size at a later stage, Mepolizumab suffers from similar problems. Nevertheless, it is interesting to note that the upfront benefits of both Dupilumab and Mepolizumab were based on small sample sizes (N < 100), and in the Dupilumab study, the sample size with good clinical endpoints was 939, so Dupilumab remains a promising mAbs for the treatment of COPD. Therefore, it is crucial to closely monitor the ongoing Phase 3 study of Dupilumab (NCT04456673) for further insights in the long term. Furthermore, although in this study, ABX-IL8, Mepolizumab, Itepekimab, Astegolimab, MEDI-8968, and CNTO-6785 do not appear to have a significant clinical impact on improving lung function in COPD, however, as studies are conducted and deepened, it may not be impossible to demonstrate the use of mAbs in patients with other COPD subtypes.

There are limitations to this study. Firstly, the mAbs studies are generally administered on top of bronchodilators, so the comparison versus dual bronchodilator effects here is somewhat flawed. But this study was an attempt to compare the difference in the degree of improvement in FEV1 between the mAbs in its normal state of use and the dual bronchodilator, which still showed some degree of improvement in FEV1 from the performance of the Dupilumab. Second, there was some inconsistency in the inclusion and exclusion criteria concerning the study period, with certain studies encompassing longer durations while others had shorter ones. This discrepancy could potentially influence the study outcomes. Third, exacerbation rates as well as mortality were the end points for COPD. Solely assessing the improvement in FEV1 in this study may be limiting because FEV1 alone may not provide the most comprehensive evaluation for the treatment of chronic airway conditions. Finally, the unbalanced number of trials may affect the reliability of the findings, especially as only 1 study was included for many drugs, for example, the data of Dupilumab only from one RCT (NCT03930732), whereas those for Mepolizumab (NCT01463644, NCT02105961, NCT02105948) and Benralizumab (NCT01227278, NCT02138916, NCT02155660) were extracted from three RCTs, respectively. Therefore, future updates on this topic will be needed with more studies available.



Conclusion

In conclusion, of the 8 mABs (ABX-IL8, Benralizumab, Mepolizumab, Itepekimab, Astegolimab, Dupilumab, MEDI-8968, CNTO-6785) included in the NMA, only Dupilumab significantly improved lung function in COPD patients, and it has comparable effects as compared to GFF, BF, FF/VI. However, additional studies are required to confirm the findings of this study, and the ongoing Phase 3 study of Dupilumab (NCT04456673) deserves continued attention.
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