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Abstract
To assess the efficacy and safety of interleukin (IL)-17A inhibitors in patients with ankylosing spondylitis (AS). PubMed,
EMBASE, and Web of Science were searched up to 5 February 2020 for randomized controlled trials (RCTs) that assessed
the efficacy and safety of IL-17A inhibitors in patients with AS. We used a meta-analytic approach to perform a random effects
analysis or fixed effects analysis according to heterogeneity. Subgroup analyses between studies included medication, time to
primary endpoint, and data source. Odds ratios (ORs) or mean differences (MDs) were used to assess the efficacy and safety of
IL-17A inhibitors in AS. A total of ten RCTs with 2613 patients were eligible for inclusion in the analysis (six for secukinumab,
two for ixekizumab, one for netakimab, and one for bimekizumab). Compared to placebo, IL-17A inhibitors improved ASAS20
response rate (OR = 2.58; p < 0.01) and ASAS40 response rate (OR = 2.80; p < 0.01), and significantly increased the risk of AEs
(OR = 1.23; p = 0.03) and nasopharyngitis (OR = 1.72; p < 0.01), but not SAEs (OR = 0.87; p = 0.60). IL-17A inhibitors dem-
onstrated better efficacy in patients with AS in several evaluation indicators. However, the safety of IL-17A inhibitors remains to
be further studied in studies with larger sample size and longer follow-up times.
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Introduction

Ankylosing spondylitis (AS), also termed radiographic
spondyloar thr i t is , i s a pr imary subtype of axial
spondyloarthritis. AS is a chronic inflammatory rheumatic
disease, which is featured with axial inflammation, and
imaging-visible structural damages in the spine and sacroiliac
joints [1–3]. With an incidence of 0.02–0.35% [4], AS not

only decreases the work productivity, and life quality [5],
but also results in heavy burdens of public health care all over
the world [6]. The molecular and pathogenesis mechanisms
that underlie AS still have many dark sides. Although the
exact etiology and pathogenesis mechanisms are not clear,
many studies have instructed that the occurrence of AS is
closely related to the positive expression of human leukocyte
antigen (HLA)-B27 [7, 8]. Immune system also promotes the
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development and progression of AS, which can be character-
ized by overexpression of inflammatory cytokines and abnor-
mal activation of immune cells in AS patients.

During the past decades, researchers have kept exploring
the therapies for AS. Physical therapy is proved to be effica-
cious for AS patients. However, its application is limited due
to high expense and low accessibility [9]. For AS patients
suffering from pain and stiffness, non-steroidal anti-inflamma-
tory drugs (NSAIDs) are recommended as the first-line treat-
ment [10]. Recently, biological disease-modifying antirheu-
matic drugs (bDMARDs) emerged as novel therapies for
AS. For example, tumor necrosis factor (TNF) inhibitors are
recommended to patients with AS who are in persistent dis-
ease activity period [10]. Nevertheless, NSAIDs and TNF
inhibitors are not always effective and well-tolerated for all
types of AS patients [10, 11]. Therefore, novel therapeutic
alternatives for AS are highly required.

Mounting studies have demonstrated that interleukin (IL)-
23/IL-17 axis was highly associated with immune dysfunction
and activated autoimmune inflammation. Further studies dem-
onstrated that IL-23/IL-17 axis was involved in the pathogen-
es is of mul t ip le rheumatoid diseases , including
spondyloarthritis, psoriasis, rheumatoid arthritis, and inflam-
matory bowel diseases [12–14]. IL-17, also named as cytotox-
ic T lymphocyte antigen 8 (CTLA8), was first cloned from
activated T cells in 1993 [15]. IL-17 family includes six mem-
bers from IL-17A to IL-17F, of which IL-17A and IL-17F are
crucial proinflammatory cytokines [16]. Soon after the discov-
ery of IL-17, the IL-17 receptor (IL-17R) family was identi-
fied consisting of five members ranging from IL-17RA to IL-
17RE [17]. The IL-17 members may combine with the IL-
17Rs [18], and then activate various inflammatory pathways,
including the nuclear factor κB (NF-κB) pathway, the
mitogen-activated protein kinases (MAPKs) pathway, and
the CCAAT/enhancer-binding proteins (C/EBPs) pathway
[19]. The activation of these signal transduction pathways
leads to the overexpression of various proinflammatory cyto-
kines, such as IL-6, IL-8, TNF-α, and IL-1β [18]. Notably, in
the individuals with AS, serum level of IL-17 [20] and IL-23
[21] as well as the number of T helper (Th) 17 cells [22–25] in
peripheral blood and facet joints [26] were increased com-
pared with healthy control subjects.

Based on a growing body of researches, IL-17A was rec-
ognized as a novel therapeutic target for AS. Biological IL-
17A inhibitors, which are crucial members of bDMARDs,
could directly combine with IL-17A and inhibit its function
[27]. IL-17A inhibitors are well established and known as
efficient and safe for the treatment of psoriasis [28], rheuma-
toid arthritis [29, 30], and inflammatory bowel diseases [31].
Recently, increasing randomized controlled trials (RCTs)
[32–41] have investigated the efficacy and safety of IL-17A
inhibitors in AS, but the clinical value of IL-17A inhibitors in
AS is still an area of controversy due to different drug types

and dosages. Previous meta-analysis on biological agents for
AS treatment only included one or two studies about IL-17A
inhibitors [42, 43], after that there were few newly established
studies. As such, an updated quantification of the efficacy and
safety of IL-17A inhibitors was warranted.

Herein, considering that a number of studies have demon-
strated the impact of IL-17A inhibitors in AS, the present
systematic review and meta-analysis were conducted to com-
prehensively understand the efficacy and safety profile of IL-
17A inhibitors in AS.

Materials and methods

This meta-analysis was performed in accordance with the
Cochrane Handbook for Systematic Review of Interventions
[44].

Literature retrieval

A comprehensive literature retrieval was carried out in
PubMed, EMBASE, and Web of Science up to February 5,
2020, by two reviewers independently. The search was per-
formed using the terms “ixekizumabOR taltz ORLY2439821
OR secukinumab OR cosentyx OR AIN 457 OR
bimekizumab OR UCB4940 OR netakimab OR Anti IL-17
OR Interleukin 17 OR IL-17 inhibitor OR Interleukin 17 in-
hibitor” AND “ankylosing spondylitis OR spondyloarthritis.”
In addition, reference lists of the relevant articles and reviews
were examined carefully to identify additional eligible
articles.

Selection criteria

Articles were included in this analysis if they met all the fol-
lowing criteria: (1) the study was a RCT; (2) patients were
diagnosed as AS according to the modified NewYork criteria;
(3) treatment groups received IL-17A inhibitors and control
groups received placebo in the RCTs; (4) the efficacy or safety
outcomes were reported in the RCTs; (5) the language of the
articles was English. Additionally, we excluded animal stud-
ies, observational studies, reviews, commentaries, letters, and
RCTs that examined other interventions. For the publications
with repetitive trial numbers according to the ClinicalTrials.
gov identifier, only the most recent one was included. Two
authors independently screened all studies by title or abstract
and then by a full text evaluation; any discrepancy was solved
by discussion.

Data extraction and quality assessment

Data extraction was carried out independently by two authors
using a predefined form. We extracted the following
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information from each included study as follows: first author,
publication year, NCT number, region, time to primary end-
point, study duration, medication and dosage, number of
cases, mean age, ratio of males, disease duration, HLA-B27-
positive rate, baseline data of the Bath AS disease activity
index (BASDAI).

Quality assessment was performed using the Cochrane
Collaboration’s tool. We assessed risk of bias according to
the following bias categories: random sequence generation,
allocation concealment, blinding, incomplete outcome data,
selective reporting, and other bias. Each segment was assessed
as high risk, low risk, or unclear risk of bias.

Efficacy and safety outcomes

Primary efficacy outcomes were as follows: 20% improve-
ment according to the Assessment of SpondyloArthritis inter-
national Society (ASAS) criteria (ASAS20 response), and
40% improvement according to ASAS criteria (ASAS40 re-
sponse). Other efficacy outcomes were 20% or more improve-
ment in five of the six ASAS response domains (ASAS5/6
response), the change from baseline in total BASDAI, and a
score of ≤ 2 units in each of the four core ASAS domains
(ASAS partial remission). Safety outcomes included adverse
events (AEs), serious adverse events (SAEs), nasopharyngitis,
discontinuation due to any AEs (DDAAEs), infections, and
serious infections.

Statistical analysis

Review Manager 5.3 was used to perform the data analysis.
Odds ratios (ORs) with corresponding 95% confidence inter-
vals (CIs) were considered as the effect size for dichotomous
variables, and mean differences (MDs) with 95% CIs were for
continuous variables. We performed Cochran I-squared test to
assess the heterogeneity among studies. It was supposed that
no significant heterogeneity existed among studies if I2 <
50%, and thus a fixed-effects model was applied. Otherwise,
a random-effects model was considered to be more appropri-
ate if I2 > 50%. To explore the source of heterogeneity among
studies and to test the robustness of the results, we further
conducted subgroup analyses by the following factors: medi-
cation (secukinumab, ixekizumab, netakimab, or
bimekizumab), time to primary endpoint (6 weeks, 12 weeks
or 16 weeks), and data source (full-text article or conference
abstract). If included studies held several treatment arms in
terms of dosage, we combined relevant treatment groups into
one treatment group, as the Cochrane Handbook for
Systematic Review of Interventions recommended [44].
Sensitivity analysis was conducted by omitting any of the
studies at a time to further evaluate the stability and credibility
of the analytical results. Statistical significance was defined as
P value < 0.05.

Results

Study selection and characteristics of included studies

The searching process was summarized in Fig. 1. According
to the study searching strategy stated above, 370 records were
identified through database searching and 10 records were
obtained from the references of the identified articles. After
removing 118 duplicated records, we screened the remaining
262 records and excluded 194 records according to the title
and the abstract. Then, full texts of the remaining 68 articles
were viewed carefully, and 58 of themwere excluded. Finally,
ten RCTs with 2613 patients were included in our meta-
analysis in total, of which seven were published in articles
and three were reported in conference abstracts.

Among ten eligible studies in this meta-analysis, there were
six studies for secukinumab, two studies for ixekizumab, one
study for netakimab, and one study for bimekizumab.
Characteristics of included studies were summarized in
Table 1. In summary, (1) the year of publication ranged from
2013 to 2019; (2) the sample size ranged from 30 to 458; (3)
the time to primary endpoint was 6 weeks for Baeten (2013)
[32], 12 weeks for van der Heijde (2018) (2) [41], and
16 weeks for other eight studies; (4) mean age of patients
ranged from 40.1 to 47.4 years; (5) the ratio of males ranged
from 52.6 to 84.5%; (6) mean disease duration ranged from
5.2 to 13 years; (7) eight studies [33–35, 37–41] had different
treatment arms based on dosage; (8) nine studies [32–34,
36–41] declared that they were sponsored. After the time of
primary endpoint, all patients in both the treatment groups and
the placebo groups entered an extended treatment period and
received IL-17A inhibitors treatment. It should be noted that
one patient in the treatment group of Baeten (2013) [32] was
excluded from the efficacy analysis but included in the safety
analysis due to a dosing error. The quality and the risks of bias
of included studies were presented in Fig. 2. Notably, there
were three RCTs being reported in conference abstracts re-
spectively, and comprehensive information and data were
not available.

Efficacy of IL-17A inhibitors

ASAS20 response

ASAS20 response was defined as an outcome that patients
achieved 20% improvement according to ASAS criteria. As
a primary efficacy outcome indicator for AS, ASAS20 re-
sponse was reported in nine studies consisting of 2309 pa-
tients. No significant heterogeneity among the RCTs was de-
tected (I2 = 18%), and thus a fixed-effects model was per-
formed. Compared with placebo, IL-17A inhibitors signifi-
cantly improved the rate of ASAS20 response (OR = 2.58;
95% CI, 2.16 to 3.09; p < 0.01) (Fig. 3A). Subgroup analyses
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were performed according to three factors: medication
(secukinumab, ixekizumab, or netakimab), time to primary
endpoint (6 weeks or 16 weeks), and data source (full text or
conference abstract) (Table 2). The results indicated that the
efficacy of IL-17A inhibitors on ASAS20 response kept sig-
nificant in the subgroup analyses. Furthermore, we performed
sensitivity analysis and the result showed that the statistical
significance was not altered after omitting any of the studies,
further confirming the stability and credibility of the eventual
results.

ASAS40 response

ASAS40 response was also a crucial outcome indicator which
represented patients achieved 40% improvement according to
ASAS criteria. Seven studies with 1762 patients were includ-
ed in the analysis of ASAS40 response. A fixed-effects model
was more appropriate due to non-significant heterogeneity
(I2 = 41%). IL-17A inhibitors made a significant improvement
on ASAS40 response rate in AS (OR = 2.80; 95% CI, 2.19 to
3.58; p < 0.01) (Fig. 3B). We further conducted subgroup
analyses and we found that the efficacy of IL-17A inhibitors
on ASAS40 response remained significant and the outcomes
were presented in Table 2. Additionally, sensitivity analysis
was performed and the result remained significant after omit-
ting single study one by one.

Other efficacy outcomes

There were five studies reporting data for ASAS5/6 response,
four studies for the change from baseline in total BASDAI,

and three studies for ASAS partial remission. Random effect
model was suitable for the analyses of ASAS5/6 response
(I2 = 75%) and the change from baseline in total BASDAI
(I2 = 100%) owing to obvious heterogeneity. However, in
the analysis of ASAS partial remission (I2 = 0%), no hetero-
geneity between the RCTs was detected and thus the fixed-
effects model was performed. The results indicated that IL-
17A inhibitors could significantly improve ASAS5/6 response
rate (OR = 4.01; 95% CI, 2.00 to 8.02; p < 0.01) (Fig. 3C) and
ASAS partial remission rate (OR = 5.93; 95% CI, 2.83 to
12.45; p < 0.01) (Fig. 3D), and reduce BASDAI score
(MD = − 1.13; 95% CI, − 1.72 to − 0.55; p < 0.01) (Fig. 3E),
indicating the favorable curative effects of IL-17A inhibitors
in AS. Sensitivity analyses showed that removing any of the
studies did not influence the results significantly.

Safety of IL-17A inhibitors

AEs

Eight studies with 2066 patients were included in the analysis
of AEs. No heterogeneity between the RCTs was detected
(I2 = 0%) and a fixed-effects model was performed.
Comparing to placebo, IL-17A inhibitors increased risk of
AEs (OR = 1.23; 95% CI, 1.02 to 1.49; p = 0.03) (Fig. 4A).
We performed subgroup analyses and found that ixekizumab
(OR = 1.44; 95% CI, 1.01 to 2.05; p = 0.04) rather than
secukinumab (OR = 1.20; 95% CI, 0.94 to 1.53; p = 0.15) in-
creased the risk of AEs (Table 2). When we removed Deodhar
(2016) [33] or Deodhar (2019) [34], the results were altered to

Fig. 1 Flowchart of study
selection process
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be insignificant (p = 0.21 or 0.18, respectively), indicating that
increased risk of AEs might be derived from these two studies.

SAEs

Eight studies with 2221 patients were included in the analysis
of SAEs. A fixed-effects model was performed in the analysis
of SAEs (I2 = 0%). Meta-analysis of SAEs demonstrated that
IL-17A inhibitors did not increase the risk of SAEs (OR =
0.87; 95% CI, 0.51 to 1.48; p = 0.60) (Fig. 4B). We further
conducted subgroup analyses. The result did not indicate sta-
tistically significant differences between secukinumab and
placebo (OR = 0.87; 95% CI, 0.47 to 1.61; p = 0.66), as well
as ixekizumab and placebo (OR = 0.86; 95% CI, 0.30 to 2.49;
p = 0.41) (Table 2). Removing any of the studies did not in-
fluence the result significantly.

Nasopharyngitis

Nasopharyngitis was the most commonly reported adverse
event among these studies. Seven studies with 1763 patients
were included in the analysis of nasopharyngitis. No hetero-
geneity among the RCTs was detected (I2 = 0%) and a fixed-
effects model was performed. Comparing to placebo, IL-17A
inhibitors increased the risk of nasopharyngitis (OR = 1.72;
95% CI, 1.15 to 2.57; p < 0.01) (Fig. 4C). The result of sub-
group analyses indicated that secukinumab (OR = 1.84; 95%
CI, 1.16 to 2.94; p = 0.01) rather than ixekizumab (OR = 1.39;
95% CI, 0.63 to 3.06; p = 0.41) increased the risk of
nasopharyngitis (Table 2). Removing any of the studies did
not influence the result significantly.

DDAAEs and deaths

There were five studies reporting data for DDAAEs. No het-
erogeneity was detected in the analysis of DDAAEs (I2 =
37%) and a fixed-effects model was performed. IL-17A inhib-
itors showed no impact on DDAAEs (OR = 1.19; 95% CI,
0.61 to 2.32; p = 0.62) (Fig. 4D). As for deaths, one death
occurred in the placebo group in Deodhar (2016) [33] due to
depression and suicide, one death occurred in the treatment
group of secukinumab 75 mg in Sieper (2016) [39], and one
death occurred in the treatment group of ixekizumab 80 mg
every 2 weeks (Q2W) in Deodhar (2019) as a result of depres-
sion and suicide [34]. The impact of IL-17A inhibitors on the
risk of death was not analyzed owing to limited data.

Infections and serious infections

Four studies were included for the analysis of infections.
Significant heterogeneity was detected in the analysis of in-
fections (I2 = 58%) and the random-effects model was per-
formed. IL-17A inhibitors increased the risk of infectionsT
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(OR = 2.08; 95% CI, 1.25 to 3.47; p < 0.01) (Fig. 4E). In ad-
dition, there were totally 5 serious infections among the in-
cluded patients: 1 patient in the treatment group of
secukinumab 150 mg with a loading regimen (secukinumab
150 mg with load) in Kivitz (2018) [37], 2 patients in treat-
ment group of ixekizumab 80 mg every 4 weeks (Q4W) in
Deodhar (2019) [34], and 2 patient in the treatment groups in
van der Heijde (2018) (1) [40]. Meta-analysis of serious in-
fections did not indicate statistically significant differences
between treatment and control groups (OR = 2.23; 95% CI,
0.38 to 13.21; p = 0.38) (Fig. 4F).

Discussion

AS, a part of a larger class of spondyloarthropathies, is a
relatively common, chronic, and serious autoimmune disease

mainly affecting the axial skeleton and spinal joints, eventu-
ally reducing the quality of life, also extorting heavy economic
burdens and pressure on individuals and the society. As the
disease progresses, ankylosis is a major characteristic of AS in
advanced cases, leading to the fusion of vertebrae, decreased
mobility, and increased long-term disability. Notably, al-
though there are many available treatments to effectively re-
lieve the symptoms of AS, there is no cure method currently.
The treatment options for patients with ASwere really limited.
In recent years, the potential application of bDMARDs has
gradually attracted extensive attention of researchers, and the
clinical management of AS has been significantly changed as
a result of the introduction of bDMARDs.

IL-17, mainly produced by Th17 cells, plays a crucial role
in protecting hosts from bacterial and fungal infections under
physiological condition. In addition, IL-17 could improve the
expression of various proinflammatory cytokines and further
lead to inflammatory activation. Recently, IL-17A inhibitors
were proved to be novel bDMARDs for several autoimmune
diseases, including psoriasis [28], rheumatoid arthritis [29,
30], and inflammatory bowel disease [31]. Overexpressed
IL-17 was also highly involved in the autoimmune dysfunc-
tion and the disease progression in AS patients. However, the
clinical value of IL-17A inhibitors is still controversial. To our
best knowledge, the current meta-analysis is the first to com-
prehensively evaluate the efficacy and safety of IL-17A inhib-
itors in patients with AS.

Through pooling the data of 10 independent RCTs and
comprehensively analyzing the ASAS20 response, ASAS40
response, ASAS5/6 response, and ASAS partial remission, we
found that IL-17A inhibitors significantly alleviated the clin-
ical signs and symptoms of AS. In addition, disease activity
was controlled by IL-17A inhibitors asmeasured by decreased
BASDAI. Significant heterogeneity was detected in the anal-
ysis of ASAS5/6 response and BASDAI, which may reduce
the credibility of the data to some extent. Furthermore, after
the time of primary endpoint, all patients in both the treatment
groups and the placebo groups entered an extended treatment
period and received IL-17A inhibitors. There are 7 extension
studies reporting that secukinumab possesses sustained effica-
cy in AS through 1 to 5 years [45–51]. Similarly, the extension
studies of ixekizumab demonstrated that the efficacy through
52 weeks was consistent with 16 weeks [52]. Therefore, IL-
17A inhibitors demonstrated favorable curative effects in pa-
tients with AS and were expected to be promising drugs for
AS.

AEs, nasopharyngitis, and infections were found to be
more frequently in treatment groups compared with placebo.
However, there was no evidence that IL-17A inhibitors in-
creased the risk of SAEs, serious infections, and DDAAEs.
As for the death risk, OR was not obtained owing to limited
data. To be specific, there were totally three deaths in the
included trials, two of which happened in the treatment

Fig. 2 The quality of included studies evaluated by the Cochrane
Collaboration’s tool
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groups. Furthermore, IL-17A inhibitors may increase the risk
of neutropenia owing to the immunosuppressive properties of
these biologics [33, 34]. Therefore, attention should be paid to
this problemwhen applying IL-17A inhibitors in the treatment
of AS. Since this finding was based on a relatively small
number of studies, the results should be interpreted prudently.
Likewise, the safety of IL-17A inhibitors was controversial in
other autoimmune diseases. A meta-analysis of twenty-seven
RCTs showed that IL-17A inhibitors increased the risk of AEs
in moderate-to-severe plaque psoriasis [53]. In addition, the
risk of AEs but not SAEs was increased by IL-17A inhibitors
in patients with psoriasis and psoriatic arthritis [54]. However,
Kunwar et al. performed a meta-analysis of seven RCTs about
rheumatoid arthritis and reported that IL-17A inhibitors did

not significantly increase the risk of AEs or SAEs in rheuma-
toid arthritis [55]. Therefore, the safety of IL-17A inhibitors
remains to be further studied.

As a consequence of the introduction of bDMARDs, TNF
inhibitors were considered as usual first-line bDMARDs treat-
ment. However, due to intolerance and inefficacy of TNF
inhibitors, IL-17A inhibitors as a novel bDMARDs were rec-
ommended for AS patients who do not respond to TNF inhib-
itors according to 2016 update of the ASAS-EULAR manage-
ment recommendations for axial spondyloarthritis [10].
Moreover, a cost-effectiveness analysis in Finland indicated
that secukinumab was less costly and more effective com-
pared to adalimumab, certolizumab pegol, etanercept,
golimumab, and infliximab in AS treatment [56]. Also,

Table 2 The results of subgroup analyses by factors of medication, time to primary endpoint, and data source

Outcome Subgroup No. of studies No. of patients OR (95% CI) P value

Medication

ASAS20 SEC 6 1653 2.54 (2.05, 3.14) <0.01

IXE 2 567 2.47 (1.72, 3.57) <0.01

NET 1 89 5.85 (2.08, 16.47) <0.01

ASAS40 SEC 5 1195 2.54 (1.90, 3.41) <0.01

IXE 2 567 3.49 (2.22, 5.48) <0.01

AEs SEC 5 1196 1.20 (0.94, 1.53) 0.15

IXE 2 567 1.44 (1.01, 2.05) 0.04

BIM 1 303 0.93 (0.52, 1.66) 0.81

Nasopharyngitis SEC 5 1196 1.84 (1.16, 2.94) 0.01

IXE 2 567 1.39 (0.63, 3.06) 0.41

SAEs SEC 6 1654 0.87 (0.47, 1.61) 0.66

IXE 2 567 0.86 (0.30, 2.49) 0.78

Time to endpoint

ASAS20 6 weeks 1 29 7.78 (0.78, 77.93) 0.08

16 weeks 8 2280 2.56 (2.14, 3.07) <0.01

ASAS40 6 weeks 1 29 2.19 (0.21, 22.34) 0.51

16 weeks 6 1733 2.81 (2.19, 3.59) <0.01

AEs 6 weeks 1 30 1.21 (0.04, 33.21) 0.91

12 weeks 1 303 0.93 (0.52, 1.66) 0.81

16 weeks 6 1733 1.27 (1.04, 1.56) 0.02

Nasopharyngitis 6 weeks 1 30 5.57 (0.28, 112.01) 0.26

16 weeks 6 1733 1.66 (1.11, 2.50) 0.01

SAEs 6 weeks 1 30 0.83 (0.03, 22.87) 0.91

16 weeks 7 2191 0.87 (0.51, 1.49) 0.61

Data source

ASAS20 Full text 7 1762 2.55 (2.07, 3.13) <0.01

Conference abstract 2 547 2.70 (1.86, 3.92) <0.01

AEs Full text 7 1763 1.27 (1.04, 1.56) 0.02

Conference abstract 1 303 0.93 (0.52, 1.66) 0.81

SAEs Full text 7 1763 0.74 (0.41, 1.33) 0.32

Conference abstract 1 458 1.69 (0.46, 6.25) 0.43

SEC, secukinumab; IXE, ixekizumab; NTK, netakimab; BIM, bimekizumab
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secukinumab was proved to be the most cost-effective treat-
ment option versus other biologics in AS by numerous re-
searches conducted in Canada [57], Argentina [58], the UK
[59], and Russia [60].

Besides the 10 included RCTs, more trials are planned or
conducted to further evaluate the efficacy and safety of IL-
17A inhibitors in AS. In detail, there are three ongoing or
planned studies for secukinumab (identifier: NCT03259074,
NCT02763046, NCT03350815), two for bimekizumab (iden-
tifier: NCT03215277 and NCT03355573), and one for

netakimab (identifier: NCT03447704). Because these studies
are not completed, we have had no access to the relevant data
so far. Therefore, we will pay close attention to the progress of
these studies in the future.

Some potential limitations in our study should be acknowl-
edged. First, we could not obtain the comprehensive informa-
tion and data of three included RCTs reported in three confer-
ence abstracts respectively [35, 36, 41]. Second, the number of
RCTs included in this study was still relatively small, espe-
cially for a certain type of medication, there were only two

Fig. 3 The efficacy evaluation of
IL-17A inhibitors in AS. Forest
plots of ORs for ASAS20
response (A), ASAS40 response
(B), ASAS5/6 response (C), and
ASAS partial remission (D) in
patients with AS. Forest plots of
MD for BASDAI (E) in patients
with AS
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Fig. 4 The safety evaluation of
IL-17A inhibitors in AS. Forest
plots of ORs for AEs (A), SAEs
(B), nasopharyngitis (C),
DDAAEs (D), infections (E), and
serious infections
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studies available for ixekizumab, one study for netakimab and
one study for bimekizumab. More trials are warranted in the
future to further assess the efficacy and safety of IL-17A in-
hibitors in AS. Third, dose-effect relationship of IL-17A in-
hibitors was not analyzed due to various kinds of medications
and limited trials for each. In addition, different treatment
arms in eight included studies were combined into one treat-
ment group respectively.

In conclusion, the results from this meta-analysis showed
that IL-17A inhibitors significantly improved clinical signs
and symptoms of AS, which supported the application of IL-
17A inhibitors in the treatment of AS. However, studies with
larger sample size and longer follow-up times are firmly war-
ranted to evaluate the safety of IL-17A inhibitors in AS.
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