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Background: Biologics and Janus kinase (JAK) inhibitors are commonly used to improve ankylosing 
spondylitis (AS) symptoms if conventional treatments are ineffective or unsuitable. This systematic review 
aimed to compare the therapeutic effects and safety of JAK inhibitors, tumor necrosis factor-alpha (TNF-α) 
inhibitors, and interleukin (IL) inhibitors in patients with AS. 
Methods: We retrieved literature from various databases including Web of Science, Cochrane, Embase, 
PubMed, China National Knowledge Infrastructure, Weipu Journal Database, SinoMed, and WanFang Data 
up to February 1, 2023, and evaluated the quality of the included RCTs using the Cochrane risk-of-bias tool. 
R 4.1.3, STATA 15.1 were employed for network meta-analyses. 
Results: We identified 48 eligible articles including 8,937 patients. Ten articles were rated as “low risk”,  
5 as “high risk”, and the others as “some concerns”. In terms of efficacy, IL-17, IL-6, and JAK inhibitors 
were compared with TNF-α inhibitors in ASAS20 (RR =0.81, 95% CI: 0.66–0.98; RR =0.57, 95% CI: 0.35–
0.95; RR =0.77, 95% CI: 0.60–0.99). IL-6 inhibitors were compared with TNF-α inhibitors in ASAS5/6 (RR 
=0.39, 95% CI: 0.16–0.98). IL-23, JAK inhibitors were compared with TNF-α inhibitors in BASDAI50 (RR 
=0.35, 95% CI: 0.20–0.60; RR =0.70, 95% CI: 0.49–0.98). IL-17 inhibitors were compared with IL-23 and 
IL-6 inhibitors in BASFI (MD =−1.05, 95% CI: −1.65–−0.51; MD =−1.46, 95% CI: −2.02–−0.97). In terms 
of safety, IL-6 inhibitors were compared with JAK, TNF-α inhibitors in AEs (RR =1.38, 95% CI: 1.06–1.88; 
RR =1.30, 95% CI: 1.01–1.70).
Conclusions: TNF-α inhibitors are significantly superior to both IL and JAK inhibitors, and may be the 
preferable option to deal with the rapid progression of AS and severe functional limitations. IL-17 inhibitors 
may better improve the BASDAI50 response compared with JAK, IL-23, and TNF-α inhibitors. The efficacy 
and safety of IL-6 inhibitors are inferior to other types of drugs, indicating the low efficacy and high risk of 
IL-6 inhibitors.
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Introduction

As a chronic immune system disease, ankylosing spondylitis 
(AS) mainly influences the spine, paraspinal soft tissue, 
and peripheral joints (1,2). The incidence of AS varies by 
region, with a global prevalence of 0.06% to 0.25% (3). 
The progression of AS results in the fusion of the spinal axis 
and peripheral joints. This pathological change will affect 
the normal functions of the human body and may result 
in different degrees of disability, which undermines the 
quality of life of patients and places a heavy burden on their 
families and society.

Patients with advanced AS suffer from irreparable 
structural damage to the body. The timely application of 
early interventions can significantly impede the progression 
of the disease. At present, the commonly used therapeutic 
drugs to treat AS include non-steroidal anti-inflammatory 
drugs (NSAIDs), disease-modifying antirheumatic drugs 
(DMARDs), glucocorticoids, biologics, Janus kinase (JAK) 
inhibitors, etc. Biologics and JAK inhibitors can be used as 
a replacement for NSAIDs and DMARDs in patients for 
whom these medications are unsuitable or ineffective, or 
for those who are sensitive to these treatments. Biologics 
have been used to treat AS for more than 20 years (4), 
and the effectiveness of JAK inhibitors in treating AS has 
recently attracted the attention of clinicians (5). Although 
the efficacy and safety of the above drugs for the treatment 
of AS is still under investigation, there is no uniform 
consensus or experience on the choice of the above drugs, 

and there are still many clinical disputes. It is a remarkable 
fact that these drugs tend to be more expensive, placing a 
severe financial burden on patients. Therefore, it is of great 
clinical importance to seek more aggressive and effective 
treatments with fewer side effects.

Some systematic reviews have analyzed randomized 
controlled trials (RCTs) to compare these drugs. However, 
some of the studies included in these meta-analyses were 
not randomized, double-blind trials, or the interventions 
investigated by some of the included trials coincided with 
the drugs administered in stable doses in other included 
trials, resulting in potentially biased meta-analysis results 
(6,7). In addition, through previous literatures (6,7), we have 
found that the aforementioned drugs have some efficacy 
in treating AS. However, direct comparison of the efficacy 
and safety of interleukin (IL) inhibitors, JAK inhibitors 
and tumor necrosis factor-alpha (TNF-α) inhibitors in the 
treatment of AS is rarely reported. Clinicians must select 
the best drug for treating AS, and thus, it is necessary 
to evaluate the effectiveness of multiple drugs through 
network meta-analyses. The present study aims to compare 
the efficacy and safety of IL, JAK, and TNF-α inhibitors in 
patients with AS to provide insights into clinical drug use. 
We present the following article in accordance with the 
PRISMA-NMA reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-23-195/rc).

Methods

This study is registered with INPLASY registration 
No. INPLASY202290117 (URL: https://inplasy.com/
inplasy-2022-9-0117/).

Search strategy and eligibility criteria

Two researchers independently searched Web of Science, 
Cochrane, Embase, PubMed, China National Knowledge 
Infrastructure (CNKI), Weipu Journal Database, SinoMed, 
and WanFang Data for randomized controlled trials (RCTs) 
investigating the effectiveness and safety of TNF-α, JAK, 
and IL inhibitors in the treatment of AS. Please see Table S1  
for details of the literature search strategy. 

The inclusion criteria were as follows: (I) The diagnosis 
of participants followed the 1984 modified New York 
Criteria for AS (8); (II) “randomized, double-blind, 
placebo-controlled” trials that compared IL inhibitors or 
JAK inhibitors or TNF-α inhibitors with a placebo for the 
treatment of AS were included; (III) the outcome measures 
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were the number of patients satisfying the Assessment 
of SpondyloArthritis International Society (ASAS) 20 
improvement criteria (ASAS 20), ASAS 40 improvement 
criteria (ASAS 40), at least a 20% improvement in at least 
five of six ASAS domains (ASAS 5/6), and at least a 50% 
improvement in the Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI50), as well as the Bath Ankylosing 
Spondylitis Functional Index (BASFI) scores; (IV) all 
participants took traditional drugs for treating AS at a stable 
dose before enrollment in an RCT, such as DMARDs, 
corticosteroids, NSAIDs, etc. The exclusion criteria were 
as follows: (I) animal experiments; (II) letters, and case 
reports, meta-analyses, reviews, and conference abstracts; 
(III) duplicate publication of information from the same 
research project; (IV) unavailable literature data even after 
an attempt to contact the author(s).

Data extraction and quality assessment

Two investigators independently extracted the data 
from the selected literature. Disagreements were settled 
through discussion to reach a consensus. The results 
reported in the included studies (including primary trial 
results and subsequent secondary publications) and their 
Supplementary Appendix file were used as the primary 
source of information for our analysis. The extracted 
information included the year of publication, the first 
author, interventions, sex ratio, duration of the trials, and 
results. The primary efficacy endpoint was the number of 
study subjects selected by ASAS20, and the second efficacy 
endpoint was the number of patients satisfying the ASAS40 
criteria, ASAS5/6 criteria, or BASDAI50. The primary 
safety endpoint was the number of patients suffering AEs. 
The number of death among patients during the trial was 
the secondary safety endpoint. 

We evaluated the quality of the included RCTs using 
the risk of bias tool from the Cochrane Collaboration. The 
following domains were considered when evaluating the 
risk of bias: incomplete outcome data, selective reporting, 
generation of random sequence, allocation concealment, 
blinding of participants and staff, outcome assessment 
blinding, and other sources of bias. The included trials were 
judged as having an unclear, high, or low risk of bias.

Statistical analysis

Based on the Bayesian Hierarchical Model, we used Stata 
software (version 15.1, StataCorp LLC, USA) and the gemtc 

package in R software (version 4.1.3, R Development Core 
Team, New Zealand) to conduct a network meta-analysis. 
Binary outcomes were synthesized by calculating the 
relative risk (RR) with a 95% confidence interval (CI) using 
a random-effects model. A 95% CI crossing 1 indicates no 
significant differences between the groups and vice versa. 
Continuous variables were synthesized by calculating the 
mean difference (MD) with 95% CI using a fix-effects 
model. Bayesian Hierarchical Models were analyzed by 
JAGS software (version 4.3.0, Timothy R. Johnson & 
Kristine M. Kuhn, USA) using Markov chain Monte 
Carlo (MCMC). The initial value was set by four MCMC 
chains. The total number of iterations was set to 50,000, 
and the first 20,000 were used for warmup. The posterior 
distributions were derived from the prior distributions 
when MCMC was estimated to reach stable convergence. 
A Brooks-Gelman-Rubin plot was drawn to assess MCMC 
convergence, for which the closer all of the values were 
to 1, the better the convergence, indicating the stability 
of the model. The node-splitting approach (Figure S1)  
was used to assess the consistency of the model, with 
P<0.05 indicating the inconsistency of direct and indirect 
comparisons, and vice versa. The heterogeneity among 
the included studies was assessed based on I2, with I2>50% 
indicating significant heterogeneity and vice versa. 

In the network meta-analysis plot, each node represents 
one intervention, and each edge stands for a direct 
comparison between two studies that the edge connects. 
No edge to connect the two studies suggested that an 
indirect comparison was conducted for them. The thickness 
of the edge and the number of studies for comparison 
were directly proportionate. The analysis outcomes were 
converted into a likelihood or a rating for each condition 
measured by the surface under the cumulative ranking 
curve (SUCRA) expressed as a percentage (for example, the 
best therapy had a value of 100%, while the worst therapy 
had a value of 0%). The outcome overview was organized 
using league tables, which rated various treatments based on 
the frequency of their effects according to corresponding 
SUCRA values. The risk of bias was assessed using the 
funnel plot (Figure S2) and Egger’s test.

Results

Study characteristics and risk of bias

We initially identified a total of 4,349 articles from the 
databases. Duplicates were identified by manual and 
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automatic screening using the Endnote software (Thomson 
ResearchSoft, USA). As a result, 943 duplicates were 
removed, a further 3,278 articles were excluded after 
screening the titles and abstracts, and 78 documents were 
removed after screening the full texts. Finally, 48 articles 
were included for analysis (Figure 1, Table 1). Two of these 
were republished after the same clinical trial was extended. 
BASFI was estimated in this network meta-analysis. Among 
47 RCTs, 13 investigated IL inhibitors, including nine 
RCTs on IL-17 inhibitors (Bimekizumab, Ixekizumab, 
Secukinumab, and Netakimab), with 1,724 participants in 
the intervention group and 791 in the placebo group; two 
RCTs on IL-6 inhibitors (Tocilizumab and Sarilumab), 
with 302 and 101 patients in two groups respectively; 
and two RCTs on IL-23 inhibitors (Risankizumab and 
Ustekinumab), with 560 and 260 patients in two groups, 
respectively. Twenty-nine RCTs investigated TNF-α 

inhibitors (Certolizumab, Golimumab, Adalimumab, 
Infliximab, and Etanercept) with 2,442 and 1,558 patients 
in two groups, respectively. Five RCTs focused on JAK 
inhibitors (Tofacitinib, Filgotinib, and Upadacitinib) with 
651 and 548 patients in the two groups, respectively. 

The included trials were published between 2002 and 
2022. All trials were of a parallel-group and double-blind 
design and had a treatment duration of 6 to 24 weeks. 
The characteristics of the eligible studies are summarized 
in Table 1. The number of articles that reported on the 
ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, and 
AEs was 42, 41, 25, 20, 31, and 30, respectively. A total of 
26 studies reported on mortality. Among the 48 included 
articles, 16 referred to “randomization” without describing 
the methodology (9,13,14,25,27,29,31,33-36,39,40,42-44);  
a l locat ion concealment  was  not  presented in  12 
trials (23,26,27,29,31,36,39-41,43,44,46); blinding of 

Identification of studies via databases

Records identified from:
• Cochrane (n=601)
• PubMed (n=1,131)
• EMBASE (n=963)
• Web of Science (n=1,328)
• CNKI (n=204)
• VIP (n=5)
• SinoMed (n=106)
• WanFang Data (n=11)

After title and abstract screening 
(n=128)

Reports sought for retrieval
(n=50)

Reports assessed for eligibility  
(n=50)

Studies included in review
(n=48)

Records removed before screening:
• Duplicate records removed (n=943)
•  Records marked as ineligible by automation 

tools (n=731)
• Records removed for other reasons (n=2,547)

Records excluded
• Study type is not relevant (n=27)
• Intervention measures are not relevant (n=30)
• Outcome indicators are not relevant (n=21)

Reports not retrieved
(n=0)

Reports excluded:
• Study type is non-RCT (n=0)
•  Intervention measures and outcome 

indicators are not relevant (n=0)
•  Measures and outcome indicators are not 

relevant (n=0)
• Data duplication (n=2)
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Figure 1 Study screening flow chart.
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Table 1 Baseline characteristics of the eligible literature

Author Year Country Intervention N (M/F)
Duration 
(weeks)

Outcome

van der Heijde (9) 2009 Multiple 
countries

TNF-α inhibitor 127 24 BASFI

Placebo 29

van der Heijde (10) 2020 Multiple 
countries

IL17 inhibitor 243 (207/36) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 60 (49/11)

Landewé (11) 2014 Multiple 
countries

TNF-α inhibitor 121 (88/33) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
mortality

Placebo 57 (41/16)

Sieper (12) 2014 Multiple 
countries

IL6 inhibitor 51 (36/15) 12 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 51 (40/11)

van der Heijde (13) 2006 Multiple 
countries

TNF-α inhibitor 208 (157/51) 12/24 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 107 (79/28)

Inman (14) 2008 Multiple 
countries

TNF-α inhibitor 278 (200/78) 14 ASAS20, BASDAI50, BASFI, AEs, mortality

Placebo 78 (55/23)

van der Heijde (15) 2005 Multiple 
countries

TNF-α inhibitor 201 (157/44) 24 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 78 (68/10)

van der Heijde (16) 2019 Multiple 
countries

JAK inhibitor 93 (63/30) 14 ASAS20, ASAS40, BASDAI50, BASFI, AEs, mortality

Placebo 94 (69/25)

van der Heijde (17) 2017 Multiple 
countries

JAK inhibitor 156 (111/45) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 51 (32/19)

van der Heijde (18) 2018 Multiple 
countries

TNF-α inhibitor 90 (73/17) 16 ASAS20, ASAS40, BASDAI50, BASFI, AEs, mortality

IL17 inhibitor 164 (132/32)

Placebo 87 (71/15)

van der Heijde (19) 2018 Multiple 
countries

JAK inhibitor 58 (45/13) 12 ASAS20, ASAS40, ASAS5/6, BASFI, AEs, mortality

Placebo 58 (41/17)

Baeten (20) 2015 Multiple 
countries

IL17 inhibitor 394 (269/125) 16 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 196 (141/55)

Brandt (21) 2003 Multiple 
countries

TNF-α inhibitor 14 (10/4) 6 ASAS20, BASFI

Placebo 16 (12/4)

Tam (22) 2014 China TNF-α inhibitor 20 (18/2) 24 ASAS20, BASFI

Placebo 21 (19/2)

Sieper (23) 2015 Multiple 
countries

IL6 inhibitor 251 (180/71) 12 ASAS20, ASAS40, ASAS5/6, BASFI, AEs, mortality

Placebo 50 (38/12)

Table 1 (continued)
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Table 1 (continued)

Author Year Country Intervention N (M/F)
Duration 
(weeks)

Outcome

Sieper (24) 2017 Multiple 
countries

IL17 inhibitor 145 (97/48) 16 ASAS20, ASAS40, ASAS5/6

Placebo 74 (56/18)

Deodhar (25) 2018 America & 
Canada

TNF-α inhibitor 105 (86/19) 16 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 103 (77/26)

Pavelka (26) 2017 Multiple 
countries

IL17 inhibitor 150 (96/54) 16 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 76 (40/36)

Pang (27) 2008 China TNF-α inhibitor 21 6 ASAS20, BASDAI50

Placebo 19

total 40 (39/1)

Deodhar (28) 2021 Multiple 
countries

JAK inhibitor 133 (116/17) 16 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 136 (108/28)

Hu (29) 2012 China TNF-α inhibitor 26 (24/2) 12 BASFI

Placebo 20 (20/0)

Baeten (30) 2013 Multiple 
countries

IL17 inhibitor 24 (14/10) 6 ASAS20, ASAS40, ASAS5/6, AEs

Placebo 6 (5/1)

Dougados (31) 2011 Multiple 
countries

TNF-α inhibitor 39 (37/2) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 43 (39/4)

Baeten (32) 2018 Multiple 
countries

IL23 inhibitor 119 (88/31) 12 ASAS20, ASAS40, ASAS5/6, AEs

Placebo 40 (25/15)

Bao (33) 2014 China TNF-α inhibitor 108 (90/18) 16 ASAS20, BASFI, AEs, mortality

Placebo 105 (87/18)

Maksymowych (34) 2008 America & 
Canada

TNF-α inhibitor 38 (29/9) 12 BASFI, dead

Placebo 44 (36/8)

Horneff (35) 2012 Germany TNF-α inhibitor 17 (10/7) 12 ASAS20, ASAS40, BASFI, AEs, mortality

Placebo 15 (7/8)

Inman (36) 2010 Canada TNF-α inhibitor 39 (32/7) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, mortality

Placebo 37 (29/8)

Braun (37) 2002 Germany TNF-α inhibitor 34 (23/11) 12 BASDAI50

Placebo 35 (22/13)

Gorman (38) 2002 America TNF-α inhibitor 20 (13/7) 16 ASAS20, BASFI, mortality

Placebo 20 (18/2)

Table 1 (continued)
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Table 1 (continued)

Author Year Country Intervention N (M/F)
Duration 
(weeks)

Outcome

Deodhar (39) 2019 Multiple 
countries

IL23 inhibitor 441 (373/68) 24 ASAS20, ASAS40, BASDAI50, BASFI, AEs, mortality

Placebo 220 (181/39)

Calin (40) 2004 Multiple 
countries

TNF-α inhibitor 45 (36/9) 12 ASAS20

Placebo 39 (30/9)

Huang (41) 2020 China IL17 inhibitor 305 (252/53) 16 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 153 (132/21)

Davis Jr (42) 2003 Multiple 
countries

TNF-α inhibitor 138 (105/33) 24 ASAS20, BASFI

Placebo 139 (105/34)

Erdes (43) 2020 Russia & 
Belarus

IL17 inhibitor 66 (58/15) 16 ASAS20, ASAS40, ASAS5/6, BASFI, AEs, Mortality

Placebo 22 (15/7)

Maksymowych (44) 2010 Canada TNF-α inhibitor 18 (14/4) 12 ASAS20, ASAS40

Placebo 18 (14/4)

Huang (45) 2014 China TNF-α inhibitor 229 (185/44) 12 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, 
AEs, mortality

Placebo 115 (95/20)

Kivitz (46) 2018 Multiple 
countries

IL17 inhibitor 233 (164/69) 16 ASAS20, ASAS40, ASAS5/6, AEs, mortality

Placebo 117 (76/41)

Deodhar (47) 2016 Multiple 
countries

IL17 inhibitor 249 (172/77) 16 BASFI

Placebo 112 (85/27)

Burgos-Vargas (48) 2022 Mexico TNF-α inhibitor 12 (12/0) 12 ASAS20, ASAS40, ASAS5/6, BASFI

Placebo 14 (13/1)

van der Heijde (49) 2022 Multiple 
countries

JAK inhibitor 211 (153/58) 14 ASAS20, ASAS40, BASDAI50, AEs

Placebo 209 (158/51)

Deng (50) 2006 China TNF-α inhibitor 26 (26/0) 6 ASAS20, BASDAI50, BASFI, ASs

Placebo 26 (24/2)

Huang (51) 2010 China TNF-α inhibitor 74 (63/11) 6 ASAS20, ASAS40, ASAS5/6, BASFI, ASs

Placebo 78 (64/14)

Huang (52) 2011 China TNF-α inhibitor 298 6 ASAS20, ASAS5/6, BASDAI50, ASs

Placebo 99

Ma (53) 2017 China TNF-α inhibitor 13 (12/1) 14 ASAS20, ASAS40, BASFI, ASs

Placebo 12 (12/0)

Zhang (54) 2009 China TNF-α inhibitor 43 6 ASAS20, BASDAI50, BASFI

Placebo 43

Table 1 (continued)
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participants and personnel was not adequately described 
in 21 trials  to determine the risk profi le  (10-12, 
14-20,22-24,26,28,30,37,38,42,46,47); blinding of 
outcome assessment was not adequately described in 
23 trials to determine the risk profile (10-12,16,17, 
19-23,27-29,33,37,38,42,44,45,48,49,51,56); the missing 
outcome data in three trials is likely to be related to the 
real results (9,23,27); six trials did not mention the reason 
for the missing data (29,34,36,39,41,43); two trials did 
not report all prespecified primary outcome measures 
(36,40); the results of nine trials were not adequately 
reported to judge the risk profile (12,16,17,19,28, 
37,41,43,44). Figure 2 depicts the network meta-analysis 
plot, and the outcomes of the risk of bias assessment are 
presented in Figure 3. 

The efficacy of IL, TNF-α, and JAK inhibitors for  
treating AS

Our comparison of the data consistency and inconsistency 
model (differences in the deviance information criterion 
less than 5 for both models) illustrated that an indirect 
comparison among multiple interventions was better than 
the direct comparison in subsequent meta-analysis. All of 
the values from the Brooks-Gelman-Rubin plots were close 
to 1, indicating the stability and reliability of the model 
(Figure S3). 

Figure 4 illustrates the league tables to compare the 
treatment effects of multiple interventions. These league 
tables showed that the IL-17 and JAK inhibitors were 
better than the placebo in terms of the ASAS20 response 
(RR =1.81, 95% CI: 1.54–2.15; RR =1.73, 95% CI: 
1.40–2.15, respectively). TNF-α inhibitors were associated 
with significantly better ASAS20 response, and IL-17, IL-

23, IL-6, JAK inhibitors and the placebo were compared 
with TNF-α inhibitors, respectively (RR =0.81, 95% CI: 
0.66–0.98; RR =0.59, 95% CI: 0.41–0.89; RR =0.57, 95% 
CI: 0.35–0.95; RR =0.77, 95% CI: 0.60–0.99; RR =0.45, 
95% CI: 0.39–0.50, respectively). As for the improvement 
in the ASAS40 response, IL-17 inhibitors were significantly 
more effective than IL-23 inhibitors, IL-6 inhibitors, and 
the placebo (RR =2.17, 95% CI: 1.10–4.28; RR =2.42, 95% 
CI: 1.04–5.61; RR =2.63, 95% CI: 1.98–3.56, respectively). 
IL-23 inhibitors, IL-6 inhibitors, and the placebo were 
associated with a significantly lower ASAS40 response 
compared to the TNF-α inhibitors (RR =0.39, 95% CI: 
0.19–0.75; RR =0.35, 95% CI: 0.15–0.80; RR =0.32, 95% 
CI: 0.24–0.41, respectively). Also, JAK inhibitors were 
related to a higher ASAS40 response compared to the 
placebo, and the difference was statistically significant (RR 
=2.38, 95% CI: 1.63–3.49). Regarding the improvement of 
the ASAS5/6 responses, IL-17, IL-23, and JAK inhibitors 
were superior to the placebo, and the differences were 
statistically significant (RR =3.18, 95% CI: 2.28–4.67; RR 
=4.62, 95% CI: 1.06–33.74; RR =3.52, 95% CI: 2.00–6.30, 
respectively). IL-17, IL-6 inhibitors and the placebo was 
associated with a significantly lower ASAS5/6 response 
compared to the TNF-α inhibitors (RR =0.59, 95% CI: 
0.37–0.98; RR =0.39, 95% CI: 0.16–0.98; RR =0.19, 95% 
CI: 0.13–0.26). As for the BASDAI50 response, the IL-17 
inhibitors were significantly more effective compared to 
the IL-23 inhibitors and the placebo (RR =3.19, 95% CI: 
1.62–6.00; RR =3.60, 95% CI: 2.36–5.46, respectively). The 
IL-23 inhibitors were associated with significantly lower 
BASDAI50 response compared to the JAK and TNF-α 
inhibitors (RR =0.50, 95% CI: 0.29–0.90; RR =0.35, 95% 
CI: 0.20–0.60). JAK inhibitors were related to a significantly 
higher BASDAI50 response compared to the placebo 

Table 1 (continued)

Author Year Country Intervention N (M/F)
Duration 
(weeks)

Outcome

Zhang (55) 2009 China TNF-α inhibitor 52 (48/4) 6 AEs

Placebo 52 (47/5)

Zhang (56) 2010 China TNF-α inhibitor 115 (99/16) 6 ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI

Placebo 38 (34/4)

IL, interleukin; TNF-α, tumor-necrosis-factor alpha; JAK, Janus Kinase; ASAS20, 40: Assessment of SpondyloArthritis International Society 
20%, 40% improvement; ASAS5/6: ≥20% improvement in 5 out of 6 the Assessment of SpondyloArthritis International Society domains; 
BASFI: Bath Ankylosing Spondylitis Functional Index; BASDAI50: improvement of at least 50% in the Bath Ankylosing Spondylitis Disease 
Activity Index; AEs, adverse events.

https://cdn.amegroups.cn/static/public/ATM-23-195-Supplementary.pdf
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Figure 2 The network meta-analysis plots. (A) ASAS20; (B) ASAS40; (C) ASAS5/6; (D) BASDAI50; (E) BASFI; (F) AEs. ASAS20, 40: 
Assessment of SpondyloArthritis International Society 20%, 40% improvement; ASAS5/6: ≥20% improvement in 5 out of 6 the Assessment of 
SpondyloArthritis International Society domains; BASDAI50: 50% improvement in the Bath Ankylosing Spondylitis Disease Activity Index; BASFI, 
Bath Ankylosing Spondylitis Functional Index; AEs, adverse events; IL, interleukin; TNF-α, tumor-necrosis-factor alpha; JAK, Janus Kinase. 

Figure 3 Risk of bias assessment (A) risk of bias graph; (B) risk of bias summary.
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(RR=2.25, 95% CI: 1.70–2.99), while IL-23, JAK inhibitors 
and the placebo was associated with a significantly lower 
BASDAI50 response compared to TNF-α inhibitors 
(RR=0.35, 95% CI: 0.20–0.60; RR=0.70, 95% CI: 0.49–
0.98; RR=0.31, 95% CI: 0.25–0.38). 

Regarding BASFI, a better improvement was reported 
in the IL-17 inhibitor group compared to that in the IL-
23 and IL-6 inhibitor groups and the placebo group, and 
the differences were statistically significant (MD =−1.05, 
95% CI: −1.65 to −0.51; MD =−1.46, 95% CI: −2.02 to 
−0.97; MD =−1.39, 95% CI: −1.66 to −1.24, respectively). 
IL-23 inhibitors were related to significantly lower BASFI 
improvement than the JAK and TNF-α inhibitors (MD 
=0.73, 95% CI: 0.12–1.35; MD= 1.07, 95% CI: 0.53–1.62, 

respectively). Also, IL-6 inhibitors were associated with 
significantly lower BASFI improvement of compared with 
the JAK and TNF-α inhibitors (MD =1.14, 95% CI: 0.56–
1.72; MD =1.48, 95% CI: 0.98–1.99). A significantly higher 
BASFI improvement was observed in the JAK inhibitor 
group compared to that in the placebo group (MD =−1.08, 
95% CI: −1.40 to −0.76), and a significantly lower BASFI 
improvement was observed in the placebo group compared 
to the TNF-α inhibitor group (MD =1.42, 95% CI:  
1.27–1.58).

Figure 5A-5E demonstrates that ASAS20 and ASAS40 
presented similar SUCRA values. Regarding the value 
of SUCRA in relation to ASAS20 or ASAS40, multiple 
treatments are ranked in descending order as follows: 

Figure 4 League tables of ASAS20, ASAS40, ASAS5/6, BASDAI50, BASFI, and adverse events. ASAS20, 40: Assessment of 
SpondyloArthritis International Society 20%, 40% improvement; ASAS5/6: ≥20% improvement in 5 out of 6 the Assessment of 
SpondyloArthritis International Society domains; BASDAI50: 50% improvement in the Bath Ankylosing Spondylitis Disease Activity Index; 
BASFI: Bath Ankylosing Spondylitis Functional Index; IL, interleukin; TNF-α, tumor-necrosis-factor alpha; JAK, Janus Kinase.
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Figure 5 SUCRA. (A) ASAS20; (B) ASAS40; (C) ASAS5/6; (D) BASDAI50; (E) BASFI; (F) AEs. ASAS20, 40: Assessment of SpondyloArthritis 
International Society 20%, 40% improvement; ASAS5/6: ≥20% improvement in 5 out of 6 the Assessment of SpondyloArthritis 
International Society domains; BASDAI50: 50% improvement in the Bath Ankylosing Spondylitis Disease Activity Index. SUCRA, surface 
under the cumulative ranking curve; BASFI, Bath Ankylosing Spondylitis Functional Index; AEs, adverse events; IL, interleukin; TNF-α, 
tumor-necrosis-factor alpha; JAK, Janus Kinase.

TNF-α, IL-17, JAK, IL-23, and IL-6 inhibitors. Concerning 
ASAS5/6, the treatments are ranked as follows in descending 
order according to the SUCRA value: TNF-α, IL-23, 
JAK, IL-17, and IL-6 inhibitors. As for BASDAI50, the 
treatments are ranked as follows in descending order:  
IL-17, TNF-α, JAK, and IL23 inhibitors. Regarding BASFI, 
IL-17 and TNF-α inhibitors had similar SUCRA values, 
while the remaining treatments are ranked in descending 
order as follows: JAK inhibitors, IL-23 inhibitors, and IL-6 
inhibitors.

The safety of IL, TNF-α, and JAK inhibitors

The league plots related to the network meta-analysis of 
AEs associated with the multiple treatments are presented 
in Figure 4. IL-17, IL-23 inhibitors were related to a 
significantly lower risk of AEs compared to IL-6 inhibitors 
(RR =0.70, 95% CI: 0.53–0.90; RR =0.62, 95% CI: 0.46–
0.83). IL-23 inhibitors were related to a lower risk of AEs 

than both the IL-6 and TNF-α inhibitors, with significant 
differences (RR =0.62, 95% CI: 0.46–0.83; RR =0.80, 95% 
CI: 0.66–0.97, respectively). IL-6 inhibitors were related 
to a significantly higher risk of AEs compared to JAK 
inhibitors, the placebo, and TNF-α inhibitors (RR=1.38, 
95% CI: 1.06–1.88; RR=1.52, 95% CI: 1.20–1.99; RR=1.30, 
95% CI: 1.01–1.70, respectively). The placebo was related 
to a lower risk of AEs than the TNF-α inhibitors, with 
significant differences (RR=0.85, 95% CI: 0.78–0.92).

The SUCRA values of AEs are presented in Figure 5F.  
IL-23 inhibitors had the lowest SUCRA values. The 
remaining interventions are ranked in descending order 
according to their SUCRA values: IL 17 inhibitors, JAK 
inhibitors, TNF-α inhibitors, and IL6 inhibitors.

Twenty-six articles involving 6,399 patients with AS 
reported on mortality, with two cases of death in the IL-17 
inhibitor group and one case in the placebo group. The two 
cases in the IL-17 inhibitor group participated in different 
trials, with one case of death attributed to fatal myocardial 
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infarction after the patient received 75 mg secukinumab 
and the other case of death due to myocardial infarction 
unrelated to the treatment. The one case of death in the 
placebo group was described as suicide. Due to limited data, 
our study did not investigate the effects of three types of 
interventions on the risk of mortality.

Results of convergence, inconsistency, publication bias, and 
heterogeneity analyses

The potential scale reduction factor was limited to 1, 
reflecting the good convergence of this analysis. Regarding 
ASAS5/6 and AEs, the funnel plots for the included trials 
are close to symmetric, and the P values of the Egger’s 
tests are all greater than 0.05, indicating no significant 
publication bias. However, for ASAS20, ASAS40, BASDAI50 
and BASFI, the P values for the Egger’s test were 0.007, 
0.028, 0.004 and 0.000, respectively, indicating publication 
bias in the included trials. Analysis of heterogeneity 
showed no significant heterogeneity. The full results 
of the inconsistency, publication bias, convergence and 
heterogeneity analyses can be found in Figures S1-S5.

Discussion

At present, the treatment of AS focuses on the relief of 
inflammation and improvement in body function, aiming 
to prevent structural damage. The efficacy of IL, TNF-α, 
and JAK inhibitors has been confirmed by clinical practice. 
In this study, we collected the latest RCTs investigating IL, 
TNF-α, and JAK inhibitors and compared the therapeutic 
effects and safety of these three kinds of treatments directly 
and indirectly. However, due to the limited data from the 
included studies, we did not investigate the relationship 
between the three different types of interventions and AEs 
(only one of the 48 included studies directly compared IL-17  
inhibitors and TNF-α inhibitors in terms of AEs). The 
included studies mainly compared multiple interventions 
with the placebo. Figure 4 and Figure 5A-5D show that the 
three types of treatments, especially TNF-α inhibitors, 
were associated with better ASAS20, ASAS40, ASAS5/6, 
and BASDAI50 responses compared to the placebo. 
TNF-α, JAK, and IL-17 inhibitors performed better than 
the placebo in terms of the improvement in BASFI but IL-6 
inhibitors may be inferior to or not better than the placebo. 
Also, compared to the placebo, IL-23 inhibitors may be 
related to a lower risk of AEs.

Through the indirect comparison of various drugs 

regarding 42 pairs of ASAS20 responses, 31 pairs of 
ASAS40 responses, and 25 pairs of ASAS5/6 responses, 
TNF-α inhibitors were significantly superior to IL and JAK 
inhibitors in improving the ASAS5/6, ASAS20, and ASAS40 
responses. No significant differences emerged between the 
IL-17 and JAK inhibitors in terms of improvement in the 
ASAS20, ASAS40, and ASAS5/6 responses. In addition, 
according to the comparison across 20 pairs of BASDAI50, 
IL-17 inhibitors may provide better BASDAI 50 response 
improvements than JAK, TNF-α, and IL-23 inhibitors. As 
for BASFI improvement, no significant difference emerged 
between the TNF-α and IL-17 inhibitors. This result was 
based on a comparison of 31 pairs of BASFI results. 

Regarding safety, the number of patients experiencing 
AEs associated with IL-23 inhibitors was significantly 
smaller than those associated with IL-6, IL-17, JAK, and 
TNF-α inhibitors. This result was from a comparison of 30 
pairs of AEs results. It should be noted that IL-6 inhibitors 
were inferior to other drugs in terms of the ASAS5/6, 
ASAS20, ASAS40, BASFI responses, and the risk of AEs, 
suggesting that IL-6 inhibitors were associated with poor 
efficacy and high risk. By comparing 26 pairs of mortality 
data, we found that only two cases of death were reported 
in the IL-17 inhibitors group; however, one of these cases 
was caused by a myocardial infarction that was unrelated to 
IL-17 inhibitors, which deserves more attention in clinical 
practice.

The special function of TNF-α inhibitors was first 
revealed by Feldmann and Maini in their study on 
rheumatoid arthritis (57). Since 1998, various TNF 
inhibitors have been approved for use, becoming a class 
of drugs with wide-ranging biological effects. TNF is a 
class of cytokines produced by activated endotheliocytes, 
mononuclear macrophages, chondrocytes, and fibrocytes 
that exerts multiple biological effects. TNF induces 
synoviocytes to produce collagenase associated with the 
process of cartilage destruction. Higher levels of TNF 
in serum have been found in people with AS. In TNF, 
TNF-α performs its biological function by binding to TNF 
receptors on the cell surface. TNF-α mediates inflammation 
and immunomodulatory effects in immunoreactions, 
including the activation of lymphocytes and the release of 
other cytokines, prostaglandins, and metalloproteinases. 
The lesion sites of AS mainly include bone attachment 
points of the synovium, joint capsule, tendon, and anadesma 
of the axial joint. The main pathological features are 
invasive aseptic inflammation of the axial bones including 
the sacroiliac joint and the surrounding tissues of the 
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joint, eventually progressing to extensive fibrosis and bony 
ankylosis. Therefore, reducing the activity of TNF-α 
can significantly increase the efficiency of inflammatory 
response inhibition and improve patients’ ASAS20, 
ASAS40, ASAS5/6, and BASDAI50 responses. According to 
this network analysis, considering the satisfying treatment 
effects and low risk of AEs associated with TNF-α 
inhibitors, these drugs may be the best option for people 
with AS who do not respond well after non-drug therapy or 
at least 4 weeks of use of more than two types of NSAIDs, 
which is consistent with the results in the guide (58). 
However, insufficient evidence has been obtained to suggest 
significant differences in the effectiveness between TNF-α 
inhibitors.

Although some meta-analyses of the treatment of AS 
with biologics had been published before our study was 
conducted (6,7), they were not based on “randomized, 
double-blind, placebo-controlled” trials, and interventions 
in some studies investigated in these meta-analyses 
overlapped others. Some of our findings through this 
network meta-analysis echo the conclusions of some 
previous meta-analyses (6,7). For example, IL-6 inhibitors 
and IL-23 inhibitors have poor or no therapeutic effects, 
compared with the placebo, and IL-17 inhibitors present 
significantly good treatment effects. Previous meta-
analyses (6,7) have reported that TNF-α inhibitors were 
the best option for people with AS who suffer rapid disease 
progression; however, these analyses found that TNF-α 
inhibitors were the safest drug and IL-17 inhibitors were 
irreplaceable for treating AS, which differs from the findings 
in our study. The distinct differences between our study and 
previous meta-analyses (6,7) may lie in the types of trials 
included for analysis, as whether a blinding method was used 
or not can significantly affect the publication bias of trials. 
Moreover, our network meta-analysis rejected performing 
subgroup analyses regarding patients’ age, the course of 
treatment, and different drugs of the same category, given 
the inherent drawbacks of network meta-analysis and to 
avoid the type I error attributed to numerous subgroup 
analyses. Dougados et al. investigated the effectiveness of 
etanercept on rheumatic signs in people with advanced 
AS, and the results of their study are consistent with ours 
regarding the treatment effects of TNF-α inhibitors based 
on the measures of ASAS20,40,5/6, BASDAI50, and  
BASFI (31). It should be noted that there are some 
contradictions between the results of this study and the 
included head-to-head comparison studies. This may 
be partly related to differences in selected populations, 

drug doses, and with respect to certain molecular and 
pharmacokinetic characteristics between IL inhibitors. 
In addition, the results of the subgroup analyses in some 
traditional meta-analyses did not affect the primary outcomes 
and there were differences in other outcomes between our 
study and these traditional meta-analyses (59,60).

This study has some limitations that should be noted and 
considered. Firstly, the findings regarding the effectiveness 
and safety of the three types of drugs have to be interpreted 
with caution because they were based primarily on indirect 
data, since few “randomized, double-blind” trials have 
conducted direct comparisons. Additionally, in each RCT 
that was eligible for this network meta-analysis, differences 
emerged between subgroups due to the drug type, dosage, 
and duration of intervention. To confirm that the conclusion 
of this study can be applied to a more diverse population 
in clinical practice, the focus should be shifted from RCTs 
to real-world evidence studies. Finally, publication bias is 
present in this study, which can be caused by small sample 
size trials, so conclusions may be affected to some extent.

However, this systematic review analyzed all eligible 
trials selected from Web of Science, Cochrane, Embase, 
PubMed, CNKI, Weipu Journal Database, SinoMed, and 
WanFang Data up to February 1, 2023. The included 
studies with relatively high quality involved large sample 
sizes and no significant heterogeneity emerged across most 
of the included studies. Additionally, considering the high 
price of biologics and JAK inhibitors targeting AS and the 
rising cost of research on and development of new drugs, 
coupled with the deterioration in the global economy, it 
is particularly important to select more effective drugs for 
the individually tailored treatment of patients with AS. 
More effective drugs can also help to relieve the pressure 
associated with the growth of healthcare spending and 
reduce the burden on patients.

In the future, triple-blind RCTs with larger sample 
sizes, adequate allocation concealment, and lower level of 
loss to follow-up are needed, as are studies based on real-
world clinical information. The methodology applied in the 
present study can be employed for analyzing future RCTs 
as described above to provide insights for clinicians into the 
differences between multiple drugs.

Conclusions

TNF-α inhibitors are superior to IL inhibitors and JAK 
inhibitors and may be the ideal option for treating people 
with a rapid progression of AS and severe functional 
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limitations. IL-17 inhibitors may better improve the 
BASDAI50 response compared with JAK, IL-23, and 
TNF-α inhibitors, which is worthy of attention in clinical 
practice. No significant difference emerged in improving 
the BASFI scores between IL-17 and TNF-α inhibitors. 
IL-6 inhibitors are inferior to other types of drugs in terms 
of the ASAS20, ASAS40, ASAS5/6, and BASFI responses as 
well as the risk of AEs, indicating the low efficacy and high 
risk of IL-6 inhibitors.
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