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Background: Biologics and small-molecule drugs have become increasingly accepted worldwide in the treatment of axial spondyloarthritis (axSpA), including ankylosing spondylitis (AS) and non-radiographic axial spondyloarthritis (nr-axSpA). However, a quantitative multiple comparison of their efficacy and safety is lacking. This study aims to provide an integrated assessment of the relative benefits and safety profiles of these drugs in axSpA treatment.
Methods: We included randomized clinical trials that compared biologics and small-molecule drugs in the treatment of axSpA patients. The primary outcomes assessed were efficacy, including the Assessment of SpondyloArthritis International Society (ASAS) improvement of 20% (ASAS20) and 40% (ASAS40). Safety outcomes included treatment-emergent adverse events (TEAEs) and serious adverse events (SAEs). We used the surface under the cumulative ranking (SUCRA) curve value and ranking plot to evaluate and rank clinical outcomes and safety profiles of different treatments. The two-dimensional graphs were illustrated to visually assess both the efficacy (horizontal axis) and safety (vertical axis) of each intervention.
Results: Our analysis included 57 randomized clinical trials involving a total of 11,787 axSpA patients. We found that seven drugs (TNFRFc, TNFmAb, IL17Ai, IL17A/Fi, IL17RAi, JAK1/3i, and JAK1i) were significantly more effective in achieving ASAS20 response compared to the placebo (PLA). Except for IL17RAi, these drugs were also associated with higher ASAS40 responses. TNFmAb demonstrated the highest clinical response efficacy among all the drugs. Subgroup analyses for AS and nr-axSpA patients yielded similar results. IL17A/Fi emerged as a promising choice, effectively balancing efficacy and safety, as indicated by its position in the upper right corner of the two-dimensional graphs.
Conclusion: Our findings highlight TNFmAb as the most effective biologic across all evaluated efficacy outcomes in this network meta-analysis. Meanwhile, IL17A/Fi stands out for its lower risk and superior performance in achieving a balance between efficacy and safety in the treatment of axSpA patients.
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1 INTRODUCTION
Axial spondyloarthritis (axSpA), characterized by inflammatory back pain and stiffness, is one of the most prevalent rheumatic conditions (Danve and Deodhar, 2022). AxSpA includes radiographic axSpA, commonly known as ankylosing spondylitis (AS), and non-radiographic axSpA (nr-axSpA) (Sieper and Poddubnyy, 2017). Current guidelines recommend non-pharmacological therapies as the primary approach to managing axSpA, alongside pharmacological treatments such as non-steroidal anti-inflammatory drugs (NSAIDs) or conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) (Ramiro et al., 2022). Although these interventions may offer palliation of signs and symptoms, they have shown limited efficacy in reducing radiographic damage and modifying disease progression (Danve and Deodhar, 2022).
The development of targeted biologic therapies, including biologics, such as TNF-α inhibitors and IL-17 inhibitors, and small-molecule drugs, primarily JAK inhibitors, has revolutionized the clinical management of axSpA (Sunzini et al., 2022; Webers et al., 2022; Caso et al., 2023). Recent clinical trials and pairwise meta-analyses have demonstrated that these drugs offer significant clinical benefits to patients by promptly suppressing inflammation and targeting molecules that stimulate bone formation (Sieper and Poddubnyy, 2017; Yin et al., 2020; Lawson et al., 2021; Li et al., 2022). However, it is worth noting that, to date, there has been a notable lack of comprehensive head-to-head comparisons between these drugs (Giardina et al., 2010; van der Heijde et al., 2018b). This limitation leaves clinicians with a multitude of options to consider when prescribing pharmacotherapy (Cantini et al., 2017).
To bridge this gap, network meta-analysis is often employed to support evidence-based decision-making (Li et al., 2011). Network meta-analysis extends the principles of pairwise meta-analysis to evaluate multiple treatments by combining both direct and indirect comparisons across trials that share a common comparator, such as placebo (PLA) (Li et al., 2011). Several network meta-analyses have already been conducted to assess the performance of biologics and small-molecule drugs in axSpA (Betts et al., 2016; Deodhar et al., 2020a; Cao et al., 2022; Lee, 2022). However, more recent clinical trials have introduced additional drugs, including brodalumab (an IL-17 receptor A antibody, IL17RAi) (Wei et al., 2021a), upadacitinib (a JAK1-specific inhibitor, JAK1i) (Deodhar et al., 2022), and apremilast (a phosphodiesterase 4 inhibitor, PDE4i) (Taylor et al., 2021). Moreover, there exists a dearth of comparative efficacy studies for these drugs in the management of nr-axSpA.
Our study aimed to comprehensively evaluate the efficacy and safety of biologics and small-molecule drugs in axSpA patients, including both AS and nr-axSpA, by analyzing data from randomized clinical trials with placebo or active controls.
2 METHODS
2.1 Registration and ethics
This study was designed and performed based on the methods and recommendations from the Preferred Reporting Items for Systematic Reviews and Meta-analyses for Network Meta-analysis (PRISMA-NMA) reporting guidelines (Hutton et al., 2015). The study protocol has been drafted a priori and registered in PROSPERO (CRD42022378343). We declare that all included data are available within the article and Supplementary Material.
2.2 Search strategy
The eligible studies were identified through systematic searches of MEDLINE via PubMed, Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL). Our search strategy was based on Medical Subject Headings (MeSH) or Emtree terms and followed the PICOS format: Population (P): patients with AxSpA, including nr-axSpA and AS. Intervention (I): biologics, including TNF-α receptor Fc fusion protein (TNFRFc), TNF-α monoclonal antibodies (TNFmAb), IL17A inhibitor (IL17Ai), IL17A/F dual inhibitor (IL17A/Fi), IL17RAi, JAK inhibitors, including JAK1/3i and JAK1i, IL-6 inhibitor (IL6i), IL-12 and/or IL-23 inhibitor (IL12/23i), and PDE4i, across all treatment durations. Comparison (C): the aforementioned biologics, PLA, and/or sulfasalazine (SSZ). Outcomes (O): clinical response rate and safety. Study design (S): randomized placebo- or active-controlled clinical trials.
We conducted searches from the inception of each database until 20 October 2022 and considered studies published in English. The complete search strategy is provided in Supplementary Table S1. Additionally, we scanned the citations in the included articles to identify studies meeting our inclusion criteria.
2.3 Eligibility criteria
We included randomized clinical trials published in peer-reviewed scientific journals. Eligible patients in each study had a documented diagnosis of axial spondyloarthritis (axSpA), which includes two subtypes: AS and nr-axSpA. AS patients met both the Assessment of SpondyloArthritis International Society (ASAS) classification criteria for axSpA (Rudwaleit et al., 2011) and the imaging criterion (sacroiliitis) of the modified New York classification criteria for AS (van der Linden et al., 1984). Nr-axSpA patients met the ASAS classification criteria but did not meet the imaging criterion in the modified New York criteria. Studies recruiting patients with other subforms of axSpA, such as psoriatic arthritis (PsA), reactive arthritis (ReA), and inflammatory bowel disease-associated spondyloarthritis (IBD-SpA), were excluded.
2.4 Study selection and data extraction
The retrieved studies were imported into EndNote software (version 20.0). After duplicates were removed, two investigators (Y Yin and E Zhou) independently screened the titles and abstracts to determine the potential of eligibility for inclusion based on the predefined inclusion and exclusion criteria. The full text of the identified studies will be examined. Areas of disagreement or uncertainty were settled by consensus among the investigators. The detailed variables from the eligible studies were extracted. The efficacy outcome measures were ASAS response criteria, including ASAS20 and ASAS40, the improvement of 50% Bath Ankylosing Spondylitis Disease Activity Index (BASDAI50), and Ankylosing Spondylitis Disease Activity Score Inactive Disease (ASDAS-ID). For safety outcomes, treatment-emergent adverse events (TEAEs) were defined as any unfavorable medical occurrence during treatment, regardless of causality. Serious adverse events (SAEs) were defined as TEAEs that resulted in death, hospital admission or prolongation of existing hospital stay, persistent or significant disability, or life-threatening events.
2.5 Quality evaluation
We assessed the risk of bias for each included study using the revised Cochrane Risk-of-Bias 2 (Rob2.0) tool (Sterne et al., 2019). The evaluation covered several aspects, including the randomization process, deviations from the intended intervention, missing outcome data, measurement of the outcome, and selection of the reported result. The certainty of the evidence was categorized into three levels: low risk of bias, some concerns, and high risk of bias. Two reviewers independently conducted the bias assessment, and any disagreements were resolved through consensus.
2.6 Statistical analysis
We conducted a network meta-analysis using Stata/SE (version 17.0) and R (version 4.2.2), employing a random-effects model. The analysis was based on frequency theory and a multivariate framework. To visualize the comparisons between different interventions, we created evidence network diagrams for various outcome indicators. Consistency testing was performed using both global (Wald test) and local (node-splitting method) approaches within the network (Hoaglin et al., 2011; van Valkenhoef et al., 2016). The global test assessed inconsistency between comparisons, while the local test assessed inconsistency between direct and indirect evidence within each comparison. We calculated summary odds ratios (ORs) with corresponding 95% confidence intervals (95% CIs) for all outcome indicators and presented these estimates in league charts. To assess the potential effectiveness of future trials, we calculated 95% predictive intervals (95% PrIs) of ORs and displayed them on forest plots alongside meta-analysis estimates. To identify interventions with the highest probability of effectiveness, we used the surface under cumulative ranking (SUCRA) curve. SUCRA values, expressed as percentages ranging from 0% to 100%, indicate the probability of achieving the endpoint. We also used a two-dimensional graph to visually assess both efficacy and safety for each intervention. Finally, we employed funnel plots to detect the presence of a small sample effect and assess publication bias in the analysis. Statistical significance was set at p < 0.05.
3 RESULTS
3.1 Search strategy and quality assessment
We initially identified 1,180 original records through our search strategies in electronic databases. After removing 351 duplicates and screening titles and abstracts, 448 articles were excluded. Following a detailed examination of the full text of the remaining 181 publications, 127 studies were excluded. These exclusions were primarily due to the study type being single-armed trials, case reports, or incomplete data. Ultimately, we included 54 articles, encompassing 57 clinical trials, in our quantitative network meta-analysis (Figure 1). The majority of the included studies exhibited a low-to-moderate risk of bias (Supplementary Table S2).
[image: Figure 1]FIGURE 1 | Study selection flowchart depicting the screening process and final included studies.
3.2 Basic characteristics
The basic characteristics of the included studies are summarized in Table 1. The data represent 57 clinical trials published between 2013 and 2022. A total of 11,787 patients ( 9,057 with AS and 2,730 with nr-axSpA) were recruited and followed for 6–52 weeks. Similar large variations were observed among intervention and control groups for male individuals (ranging from 18.3% to 94.9%) and age (ranging from 31.2 ± 6.6 years to 48.0 ± 10.0 years).
TABLE 1 | Basic characteristics of the included studies.
[image: Table 1]All articles involved biologics, including TNFRFc [10 studies involving etanercept (Davis et al., 2003; Calin et al., 2004; van der Heijde et al., 2006a; Braun et al., 2011; Dougados et al., 2011; Song et al., 2011; Dougados et al., 2014a; Dougados et al., 2014b; Damjanov et al., 2016; Wei et al., 2018)], TNFmAb [six studies involving adalimumab (van der Heijde et al., 2006b; Haibel et al., 2008; Horneff et al., 2012; Sieper et al., 2013; Huang et al., 2014; Landewé et al., 2018), three studies involving certolizumab (Landewé et al., 2014; Deodhar et al., 2019a; Landewé et al., 2020), five studies involving golimumab (Inman et al., 2008; Bao et al., 2014; Tam et al., 2014; Sieper et al., 2015; Deodhar et al., 2018), and six studies involving infliximab (Marzo-Ortega et al., 2005; van der Heijde et al., 2005; Giardina et al., 2010; Inman and Maksymowych, 2010; Sieper et al., 2014a; Burgos-Vargas et al., 2022)], IL17Ai [three studies involving ixekizumab (van der Heijde et al., 2018b; Deodhar et al., 2019c; Deodhar et al., 2020c), one study involving netakimab (Erdes et al., 2020), and seven studies involving secukinumab (Baeten et al., 2013; Baeten et al., 2015; Pavelka et al., 2017; Kivitz et al., 2018; Huang et al., 2020; Deodhar et al., 2021a)], IL17A/Fi [one study involving bimekizumab (van der Heijde et al., 2020)], IL17RAi [one study involving brodalumab (Wei et al., 2021b)], IL6i [one study involving tocilizumab (Sieper et al., 2014b)], IL12/23i [one study involving risankizumab (Baeten et al., 2018) and three studies involving ustekinumab (Deodhar et al., 2019b)], and PDE4i [two studies involving apremilast (Pathan et al., 2013; Taylor et al., 2021)], small-molecule drugs, including JAK1/3i [two studies involving tofacitinib (van der Heijde et al., 2017; Deodhar et al., 2021b)] and JAK1i [one study involving filgotinib (van der Heijde et al., 2018a) and three studies involving upadacitinib (van der Heijde et al., 2019; Deodhar et al., 2022; van der Heijde et al., 2022)], and csDMARD [one study involving SSZ (Khanna Sharma et al., 2018)]. All studies included at least one outcome measure for comparison. The network plots of outcomes to exhibit all the available evidence of each treatment are displayed in Figure 2.
[image: Figure 2]FIGURE 2 | Evidence network plots for the analysis of (A) ASAS20, (B) ASAS40, (C) BASDAI50, (D) ASDAS-ID, (E) TEAEs, and (F) SAEs. Line thickness corresponds to the number of trials comparing each pair of treatments. Node size is proportional to the number of randomized participants receiving the treatment. TNFRFc, TNFR-Fc fusion protein; TNFmAb, TNF-α monoclonal antibody; IL17Ai, IL-17A monoclonal antibody; IL17A/Fi, IL-17A and IL-17F dual inhibitor; IL17RA, IL-17 receptor A monoclonal antibody; JAK1/3i, JAK1 and JAK3 inhibitor; JAK1i, JAK1 inhibitor; IL6i, IL-6 inhibitor; IL12/23i, IL-12 and/or IL-23 inhibitor; PDE4i, phosphodiesterase-4 inhibitor; PLA: placebo.
3.3 Efficacy analysis
The league plot in Figure 3 illustrates the relative efficacy of different treatments. When compared to PLA, seven treatments showed significantly greater efficacy in achieving an ASAS20 response: TNFRFc (OR, 3.00; 95% CI, 2.10–4.29), TNFmAb (OR, 3.93; 95% CI, 3.16–4.90), IL17Ai (OR, 2.65; 95% CI, 2.01–3.48), IL17A/Fi (OR, 3.56; 95% CI, 1.45–8.74), IL17RAi (OR, 2.90; 95% CI, 1.15–7.27), JAK1/3i (OR, 2.84; 95% CI, 1.54–5.26), and JAK1i (OR, 3.04; 95% CI, 1.98–4.65). Regarding head-to-head comparisons, statistically significant improvements in achieving ASAS20 response were observed in comparisons such as TNFRFc or TNFmAb vs. IL12/23i, PDE4i, or SSZ; IL17Ai or JAK1i vs. IL12/23i or SSZ; and IL17A/Fi or JAK1/3i vs. SSZ (Figure 3).
[image: Figure 3]FIGURE 3 | League plot comparing efficacy and safety across interventions. Treatment comparisons should be read from left to right. Efficacy data are presented as odds ratios with 95% confidence intervals. Values above 1 favor the column-defining treatment. TNFRFc, TNFR-Fc fusion protein; TNFmAb, TNF-α monoclonal antibody; IL17Ai, IL-17A monoclonal antibody; IL17A/Fi, IL-17A and IL-17F dual inhibitor; IL17RA, IL-17 receptor A monoclonal antibody; JAK1/3i, JAK1 and JAK3 inhibitor; JAK1i, JAK1 inhibitor; IL6i, IL-6 inhibitor; IL12/23i, IL-12 and/or IL-23 inhibitor; PDE4i, phosphodiesterase-4 inhibitor; PLA, placebo.
In terms of ASAS40, significant differences in clinical response were observed after treatment with six drugs (TNFRFc, TNFmAb, IL17Ai, IL17A/Fi, JAK1/3i, and JAK1i) in comparison with PLA. The better clinical efficacy in achieving ASAS40 response were achieved by TNFRFc, TNFmAb, IL17Ai, IL17A/Fi, JAK1/3i, and JAK1i compared to IL6i, IL12/23i, PDE4i, SSZ, or PLA (Figure 3).
As for BASDAI50, there are four treatments (TNFRFc, TNFmAb, IL17Ai, and JAK1i) that showed better response rates compared to PLA, and head-to-head comparison indicates that three (TNFRFc, TNFmAb, and IL17Ai) of these four treatments are effective compared to IL12/23i; similar results are obtained in the evaluation of ASDAS-ID response (Supplementary Figure S1). The forest plots of the relative mean effects of treatments, along with 95% CIs and 95% PrIs, are shown in Supplementary Figure S2.
According to the SUCRA-based relative ranking of treatments, TNFmAb (SUCRA, 89.3%) had the highest probability to achieve ASAS20 response, and the efficacy of the remaining treatments were ranked from high to low in the following order: IL17A/Fi (SUCRA, 76.8%) > JAK1i (SUCRA, 70.5%) > TNFRFc (SUCRA, 68.7%) > JAK1/3i (SUCRA, 66.0%) > IL17RAi (SUCRA, 64.3%) > IL17Ai (SUCRA, 59.5%) > IL6i (SUCRA, 33.3%) > IL12/23i (SUCRA, 28.1%) > PDE4i (SUCRA, 24.3%) > SSZ (SUCRA, 10.2%) > PLA (SUCRA, 9.1%) (Figure 4). In the following analysis, TNFmAb still ranked the highest probability for achieving efficacy in ASAS40, BASDAI50, and ASDAS-ID (Figure 4). The detailed ranking plots for a single outcome using probabilities are shown in Supplementary Figure S3.
[image: Figure 4]FIGURE 4 | SUCRA ranking plots for (A) ASAS20, (B) ASAS40, (C) BASDAI50, (D) ASDAS-ID, (E) TEAEs, and (F) SAEs. Treatments located toward the upper right corner exhibit the most favorable ranking for that outcome compared to other options. TNFRFc, TNFR-Fc fusion protein; TNFmAb, TNF-α monoclonal antibody; IL17Ai, IL-17A monoclonal antibody; IL17A/Fi, IL-17A and IL-17F dual inhibitor; IL17RA, IL-17 receptor A monoclonal antibody; JAK1/3i, JAK1 and JAK3 inhibitor; JAK1i, JAK1 inhibitor; IL6i, IL-6 inhibitor; IL12/23i, IL-12 and/or IL-23 inhibitor; PDE4i, phosphodiesterase-4 inhibitor; PLA, placebo.
3.4 Subgroup analysis
Because two categories of patients were included, we evaluated whether the efficacy outcomes of drugs varied in different patient populations (AS and nr-axSpA). Considering efficacy of both ASAS20 and ASAS40 responses, six treatments (TNFRFc, TNFmAb, IL17Ai, IL17A/Fi, JAK1/3i, and JAK1i) and four treatments (TNFRFc, TNFmAb, IL17Ai, and JAK1i) were more effective than PLA in patients with AS and nr-axSpA, respectively; other treatments (IL6i, IL12/23i, PDE4i, and SSZ) had no effect in these patients, being similar to the results in axSpA patients (Supplementary Figures S5, S6). TNFmAb was ranked the most effective treatment for patients with AS; this result was also found in patients with nr-axSpA (Supplementary Figure S7). Note that IL12/23i (OR, 1.54; 95% CI, 1.03–2.29) had a higher ASAS20 response than PLA in patients with AS. In the original article, three studies recruiting patients with nr-axSpA were prematurely discontinued due to failure in receiving endpoints in a concurrent study (Deodhar et al., 2019b). Therefore, these data should be interpreted with caution.
3.5 Safety analysis
A total of 49 and 55 articles reported the occurrence of TEAEs and SAEs, respectively. Our results showed that TNFRFc (OR, 1.52; 95% CI, 1.10–2.11), TNFmAb (OR, 1.44; 95% CI, 1.25–1.66), and IL17Ai (OR, 1.34; 95% CI, 1.15–1.55) had a higher incidence of increasing risk of TEAEs compared with PLA. Additionally, TNFmAb had a higher risk of TEAEs compared to IL17A/Fi (OR, 1.81; 95% CI, 1.00–3.26). For the analysis of SAEs, the overwhelming majority of treatments showed no significant advantage or disadvantage compared to PLA or among each other, and only IL17Ai treatment had a lower risk of SAEs compared with JAK1i (OR, 0.29; 95% CI, 0.09–0.98) (Figure 3). The forest plots of the relative mean effects of treatments are shown in Supplementary Figure S2. A lower incidence of TEAEs and SAEs was observed in patients treated with IL17A/Fi (SUCRA, 10.6) and IL17RAi (SUCRA, 10.7), respectively, compared to those undergoing other treatments (Figure 4).
Two-dimensional graphs were illustrated to evaluate the overall performance (Figure 5). For the comprehensive assessment using ASAS20 and TEAEs, IL17A/Fi might be the best choice in balancing efficacy and safety. Similar results were also observed in the comprehensive assessment using ASAS40 and SAEs (Figure 5).
[image: Figure 5]FIGURE 5 | Two-dimensional graphs for (A) TEAEs versus ASAS20 and (B) SAEs versus ASAS40. Individual treatments are nodes, with placebo as a black square. Data are mean odds ratios with error bars representing 95% confidence intervals. Nodes in the upper right corner indicate treatments with high efficacy and low adverse events. TNFRFc, TNFR-Fc fusion protein; TNFmAb, TNF-α monoclonal antibody; IL17Ai, IL-17A monoclonal antibody; IL17A/Fi, IL-17A and IL-17F dual inhibitor; IL17RA, IL-17 receptor A monoclonal antibody; JAK1/3i, JAK1 and JAK3 inhibitor; JAK1i, JAK1 inhibitor; IL6i, IL-6 inhibitor; IL12/23i, IL-12 and/or IL-23 inhibitor; PDE4i, phosphodiesterase-4 inhibitor; PLA, placebo.
3.6 Inconsistency and publication bias
There was no global inconsistency for most outcomes except for BASDAI50 (χ2, 11.78; p = 0.0082) in our results (Supplementary Table S3). The local inconsistency test implied that there was no difference between most of the direct comparison and indirect comparison, except for ASAS40 (TNFmAb vs. IL17Ai and IL17Ai vs. PLA) and BASDAI50 (TNFRFc vs. SSZ, TNFRFc vs. PLA, and SSZ vs. PLA), which suggests low overall inconsistency (Supplementary Table S4). Comparison-adjusted funnel plots were used to examine publication bias. No significant visual asymmetry was found in the plots of the efficacy and safety outcomes, showing no obvious publication bias among the aforementioned analyses (Supplementary Figure S8).
4 DISCUSSION
The primary objective in treating axSpA is to enhance long-term health-related quality of life (Ramiro et al., 2022). The introduction of biologics, followed by the release of small-molecule drugs, has played a crucial role in achieving this objective (Ramiro et al., 2022). While various types of these drugs have been approved and have shown clear efficacy in these patients, their differing performance in clinical response rates and potential adverse events have garnered significant attention. Therefore, a comprehensive assessment of various treatment regimens may be beneficial for clinicians when selecting the most appropriate treatment for these patients.
Our network meta-analysis provides the most comprehensive summary to date by comparing the efficacy and safety of 11 classes of biologics and small-molecule drugs in patients with axSpA. Furthermore, this study offers the first insights into the relative efficacy of these drugs in nr-axSpA patients. The results indicate that seven treatments (TNFmAb, IL17A/Fi, JAK1i, TNFRFc, JAK1/3i, IL17RAi, and IL17Ai) were associated with superior clinical response compared to PLA. Among them, TNFmAb demonstrated the best response across all efficacy outcomes included in this study. Safety analyses suggested that IL17A/Fi might carry the lowest risk of TEAEs and SAEs. TNFmAb had the third highest SUCRA value for TEAEs, suggesting that its remarkable efficacy might be accompanied by a slightly higher rate of adverse events. Finally, most treatments showed no significant advantage or disadvantage regarding SAEs.
Several scholars have attempted comparative comparisons of treatment efficacy in ankylosing spondylitis (Deodhar et al., 2020a; Cao et al., 2022). Deodhar et al. (2020a) evaluated the relative efficacy of four types of biologics (IL17Ai, JAK inhibitors, TNF inhibitors, and PDE4i) across 28 interventions in 30 included studies. Their study identified tofacitinib (JAK1/3i) as the top-ranked treatment for ASAS20 response, followed by golimumab (TNFmAb) and filgotinib (JAK1i). However, safety outcomes were not evaluated in this study. Results from the study by Cao et al. (2022) showed the highest ASAS20 and ASAS40 response rates in patients treated with IL17A/Fi. In our study, IL17A/Fi was ranked the second highest for these clinical response rates among active treatments, which differs slightly from this finding. These discrepancies may be attributed to the broader scope of our study, which included both AS and nr-axSpA patients, incorporated more recently published trials (e.g., PDE4i and JAK1i), and evaluated more promisingly effective drugs (e.g., IL17RAi) for treating axSpA, compared to previous analyses. Regarding safety, no significant increase in the risk of SAEs was observed for any of the drugs compared to PLA, consistent with previous studies (Betts et al., 2016; Deodhar et al., 2020a; Cao et al., 2022; Lee, 2022).
Nr-axSpA is considered to represent an early stage of AS or just an abortive form of axSpA (Baraliakos and Braun, 2015). Correspondingly, patients with nr-axSpA are less likely to be treated with biologics (Hunter et al., 2021). Registry and clinical trial data suggest that patients with AS and nr-axSpA exhibit similar clinical manifestations, disease activity, disease burden, and treatment needs, regardless of the presence of radiographic damage (Rudwaleit et al., 2009; López-Medina et al., 2019). Currently, few biologics have been approved for managing nr-axSpA (Deodhar et al., 2020b; Ramiro et al., 2022). Several other drugs are used for these patients, but off-label. Another novel finding of this study is that TNFmAb also ranked the highest for efficacy outcomes in patients with nr-axSpA. These findings could serve as a reference for the development of further management recommendations and the approval of additional drugs in this field.
5 LIMITATIONS
This study has several limitations. First, drugs with the same mechanism of action were grouped together for analysis regardless of molecular structure differences, which may not fully reflect the heterogeneity in efficacy. Second, concomitant medications like NSAIDs and csDMARDs were allowed in some included trials, which could influence results. However, baseline medication use was balanced between arms within each trial. Together with the consistent results from inconsistency and publication bias assessments, the relative treatment effects observed in this analysis are considered reliable. Third, patients across a wide range of blinded periods from 6 to 52 weeks were analyzed together, precluding conclusions about specific time points. However, these findings still provide meaningful evidence regarding axSpA treatment, especially in the short-to-medium term. Longer follow-up is necessary to fully evaluate rare adverse events like malignancy. Therefore, while informative for clinical decision-making, the results should be interpreted judiciously considering the study limitations.
6 CONCLUSION
This network meta-analysis evaluated the efficacy and safety of various biologics and small-molecule drugs in patients with axSpA. Our findings suggest that TNFmAb may provide the greatest efficacy based on the outcomes assessed, while IL17A/Fi was associated with the relatively lowest risk and had the best performance in balancing efficacy and safety. Clinicians should discuss the balance between benefit and harm with individual patients when considering treatment options.
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Trial and first author  Year Country Publication SpA  Intervention Male Age’

1. TNFRFC (n = 10)

ASCEND; Braun et al. (2011) | 2011 | Germany Arthritis Rheum AS Etanercept 379 279 | 407:117 | 16
Sulfasalazine 187 140 | 409+ 122
ASCEND; Damjanov et al. 2016 | Serbia Rheumatol Int AS Etanercept 190 97 394117 16
(2016)
Sulfasalazine 149 77 390+ 122
Calin et al. (2004) 2004 | United Kingdom | Ann Rheum Dis AS Etanercept 45 36 453+95 | 12
Placebo 39 30 407+ 114
Davs et al. (2003) 2003 | United States | Arthritis Rheum AS Etanercept 138 105 | 421 (2470) 24
Placebo 139 105 | 419 (18-65)
EMBARK; Dougados etal. | 2014 | France Arthritis Rheumatol | Nr- Etanercept 106 8 31978 12
(2014a) axSpA
Placebo 109 62 320+78
EMBARK; Wei et al. (2018) 2016 | China Int ] Rheum Dis Nr- Ftanercept 54 38 32068 12
axSpA
Placebo 57 36 322+87
Song et al. (2011) 2011 | Germany Ann Rheum Dis AxSpA  Etanercept 40 2 34586 48
Sulfasalazine 36 21 328 +84
SPARSE; Dougados et al. 2014 | France Arthritis Res Ther  AxSpA  Etanercept 2 4 388123 |8
(2014b)
Placebo 48 32 389+ 114
SPINE; Dougados et al. (2011) | 2011 | France Ann Rheum Dis AS Etanercept 39 37 460110 | 12
Placebo 43 39 480 = 10.0
van der Heijde et al. (2006) 2006 | The Netherlands | Ann Rheum Dis AS Etanercept 305 2 | 45:10 | 12
Placebo 51 40 401 %109

2. TNFmAb (n = 20)

ABILITY-1; Sieper etal. (2013) | 2013 | Germany Ann Rheum Dis Nr- Adalimumab 91 44 76+113 | 12
axSpA
Placebo 94 40 384 + 104
ABILITY-3; Landewé etal. 2018 | The Netherlands | Lancet Nr- Adalimumab 152 96 347+103 | 28
(2018) axSpA
Placebo 153 93 353+ 102
ATLAS; van der Heijde etal. | 2006 | The Netherlands | Arthritis Rheum AS Adalimumab 208 157 | 41721169 | 24
(2006b) |
Placebo 107 79 434+ 1132
Haibel et al. (2008) 2008 | Germany Arthritis and Nr- Adalimumab 2 13 382564 12
Rheumatism axSpA
Placebo 24 12 37 (26-54)
Horneff et al. (2012) 2012 | Germany Arthritis Res Ther  AS Adalimumab 17 7 151£15 |12
Placebo 15 8 15517
Huang et al. (2014) 2014 | China Ann Rheum Dis AS Adalimumab 29 185 301+87 | 24
Placebo 115 95 296+ 7.5
C-axSpAnd; Deodhar etal. 2019 | United States Arthritis Rheumatol | Nr- Certolizumab, 159 78 373+105 | 52
(2019a) axSpA
Placebo 158 76 374+ 108
C-OPTIMISE; Landewé etal. 2020 | The Netherlands | Ann Rheum Dis AxSpA | Certolizumab | 209 162 325%71 | 48
(2020)
Placebo 104 19 31266
RAPID-axSpA; Landewé etal. 2014 | The Netherlands | Ann Rheum Dis AxSpA  Certolizumab | 218 135 391£119 | 12
(2014) I
Placebo 107 65 399 + 124
Bao et al. (2014) 2014 | China Rheumatology AS Golimumab, 108 90 30541027 | 24
(Oxford) T -
Placebo 105 87 306 + 8.60
GO-AHEAD; Sieper et al. 2015 | Germany Arthritis Rheumatol | Nr- Golimumab, 98 61 307+67.1 | 16
(2015) axSpA T
Placebo 100 52 317672
GO-ALIVE; Deodhar et al. 2018 | United States J Rheumatol AS Golimumab, 105 86 384+101 | 16
(2018)
Placebo 103 77 392+ 108
GO-RAISE; Inman et al. 2008 | Canada Arthritis Rheumatol | AS Golimumab, 556 400 | 380 24
(2008) (29.0-47.0)
Placebo 78 55 410
(31.0-50.0)
Tam et al. (2014) 2014 | China Rheumatology AS Golimumab, 20 18 3564993 | 24
(Oxford)
Placebo 21 19 342+ 100
ASSERT; van der Heijde etal. = 2005 | The Netherlands | Arthritis Rheumatol | AS Infliximab 201 157 | 400 2
(2005) (320,47.0)
Placebo 78 68 410
(340, 47.0)
Burgos-Vargas etal. (2022) | 2022 | Mexico Arthritis Res Ther — AS Infliximab 2 2 15017 |12
Placebo 14 13 145+ 27
Giardina et al. (2010) 2009 | Italy Rheumatol Int AS Infliximab 25 19 319%92 | 12
Ftanercept 25 20 326+ 68
INFAST; Sieper et al. (20142) | 2014 | Germany Ann Rheum Dis AxSpA | Infliximab 105 72 317851 | 28
Placebo 51 40 307 +7.34
Inman and Maksymowych 2010 Canada J Rheumatol AS Infliximab 39 32 429 + 104 12
(2010)
Placebo 37 29 393+ 90
Marzo-Ortega et al. (2005) 2005 United Kingdom | Ann Rheum Dis AS Infliximab 28 23 41 (28-74) 30
Placebo 14 1 39 (30-56)

3.IL17Ai (n = 11)

COAST-V; van der Heijde 2018 | The Netherlands | Lancet As Ixekizumab 164 132 412£116 16

et al. (2018b) T
Adalimumab 90 73 418+ 114
Placebo 87 71 427 %120
COAST-W; Deodhar et al. 2019 | United States | Arthritis Rheumatol | AS Ixekizumab 12 166 | 458+119 16
(20199
Placebo 104 87 46.6 + 12.7
COAST-X; Deodhar et al. 2020 | United States Lancet Nr- Ixekizumab 198 99 405134 16
(20200) axSpA
Placebo 105 m 399+ 124
Erdes et al. (2020) 2020 | Russia Clin Exp Rheumatol | AS Netakimab 66 58 380 16
(35.0-44.0)
Placebo 2 15 15+ 68.18
Bacten et al. (2013) 2013 | The Netherlands | Lancet AS Secukinumab | 24 14 411010 6
Placebo 6 5 450 £ 9.96
MEASURE 1; Bacten etal. | 2015 | The Netherlands | NEJM AS Secukinumab | 249 172 402121 16
(2015)
Placebo 122 85 431 %124
MEASURE 2; Bacten etal. | 2015 | The Netherlands | NEJM AS Secukinumab 145 97 25128 16
(2015)
Placebo 74 56 436+ 132
MEASURE 3; Pavelka etal. 2017 | Czechia Arthritis Res Ther A Secukinumab 150 96 25:115 16
(2017)
Placebo 76 0 2714
MEASURE 4; Kivitz et al. 2018 | United States Rheumatol Ther AS Secukinumab | 233 164 | 429113 16
(2018)
Placebo 17 76 434 = 1246
MEASURE 5; Huang etal. 2020 | China Chin Med ] (Engl) | AS Secukinumab | 305 252 351+1038 | 16
(2020)
Placebo 153 132 | 3301002
PREVENT; Deodhar et al. 2021 | United States | Arthritis Rheumatol | Nr- Secukinumab | 369 164395116 16
(2021a) axSpA. T
Placebo 186 91 3930 £ 1147
4. IL17A/Fi (n = 1)
BE AGILE; van der Heijde etal. | 2020 | The Netherlands | Ann Rheum Dis AS Bimekizumab | 243 207 | 422:119 | 12
(2020)
Placebo 60 49 397103
5. IL17RAi (n = 1)
Wei et al. (2021b) 2021 | China Ann Rheum Dis AxSpA  Brodalumab 80 66 366+ 114 16
Placebo 79 61 383+ 108
6. JAK1/3i (n = 2)
Deodhar et al. (2021b) 2021 | United States | Ann Rheum Dis AS Tofaciti 133 16 422+119 |16
Placebo 136 108 | 400 % 1L1
van der Heijde etal. (2017) | 2017 | The Netherlands | Ann Rheum Dis AS Tofacitinib 156 m | azens 12
Placebo 51 32 419 %129
7. JAKTi (n = 4)
TORTUGA; van der Heijde 2018 | The Netherlands | Lancet AS Filgotinib 58 45 415116 12
et al. (20182) .
Placebo 58 41 42590
SELECT-AXIS 1; van der 2019 | The Netherlands | Lancet AS Upadacitinib 93 63 70128 | 14
Heijde et al. (2019)
Placebo 94 69 437 £ 121
SELECT-AXIS 2 (AS); van der | 2022 | The Netherlands | Ann Rheum Dis AS Upadacitinib 211 153 | 426+124 14
Heijde et al. (2022) T T
Placebo 209 158 | 422:18
SELECT-AXIS 2 (nr-axSpA); | 2022 | United States Lancet Nr- Upadacitinib 156 67 416120 14
Deodhar et al. (2022) axSpA
Placebo 157 63 425+ 124
8. IL6i (n = 1) ‘
BUILDER-1; Sieper et al. 2014 | Germany Ann Rheum Dis AS Tocilizumab 51 36 612 12
(2014b) il
Placebo 51 40 427 + 126
9. 1L12/23i (n = 4) l
Bacten et al. (2018) 2018 | The Netherlands | Ann Rheum Dis AS Risankizumab | 119 88 395108 12
Placebo 40 2 376 110
Deodhar (study 1); Deodhar | 2019 | United States | Arthritis Rheumatol | AS Ustekinumab | 230 193393109 24
et al. (2019b)
Placebo 116 101 383:114
Deodhar (study 2); Deodhar 2019 United States. Arthritis Rheumatol = AS Ustekinumab 211 180 415+ 11.2 24
etal. (2019b)
Placebo 104 80 408+ 117
Deodhar (study 3); Deodhar 2019 United States. Arthritis Rheumatol | Nr- Ustekinumab 240 116 344 87 24
etal. (2019b) axSpA
Placebo 116 64 34088
10. PDE4i (n = 2)
Pathan et al. (2013) 2013 | United Kingdom | Ann Rheum Dis AS Apremilast 17 NA | 4488111 | 12
Placebo 19 NA | 3921£133
Taylor et al. (2021) 2021 | United Kingdom | ] Rheumatol AS Apremilast 326 28 | 450%1L9 | 24
Placebo 164 124 | 402129
11. csDMARD (n = 1)
Khanna Sharma et al. (2018) 2018 | India Int ] Rheum Dis AS Sulfasalazine 64 NA | 3132:1012 | 24
Placebo 33 N/A | 3070 £ 846

AxSpA, axial spondyloarthritis; AS, ankylosing spondylitis; nr-axSpA, non-radiographic axial spondyloarthritis; TNFRE¢, TNFR-Fe fusion protein; TNFmAb, TNF-a monoclonal antibody;
IL17Ai, IL-17A monoclonal antibody; IL17A/F3, IL-17A and IL-17F dual inhibitor; ILI7RA, IL-17 receptor A monoclonal antibodys JAK1/3i, JAK1 and JAK3 inhibitor; JAK1i, JAK 1 inhibitor;
IL63, IL-6 inhibitor; IL12/23i, IL-12 and/or IL-23 inhibitor; PDE4i, phosphodiesterase-4 inhibitor; csDMARD, conventional synthetic disease-modifying antirheumatic drug.

*Mean with SD of age was preferred where available; otherwise, range or median age was used.






OPS/images/fphar-14-1226528-g003.gif





OPS/images/fphar-14-1226528-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Comparison of biologics and small-molecule drugs in axial spondyloarthritis: a systematic review and network meta-analysis		1 Introduction

		2 Methods		2.1 Registration and ethics

		2.2 Search strategy

		2.3 Eligibility criteria

		2.4 Study selection and data extraction

		2.5 Quality evaluation

		2.6 Statistical analysis





		3 Results		3.1 Search strategy and quality assessment

		3.2 Basic characteristics

		3.3 Efficacy analysis

		3.4 Subgroup analysis

		3.5 Safety analysis

		3.6 Inconsistency and publication bias





		4 Discussion

		5 Limitations

		6 Conclusion

		Data availability statement

		Author contributions

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-14-1226528-g001.gif
R
it
iy
— )
i
e e
i
e
[ e






OPS/images/fphar-14-1226528-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





