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Objective: The aim of this study was to systemically review the efficacy
and safety of inhibitors of interleukin 6 (IL-6): clazakizumab, IL-12/23:
ustekinumab, and IL-17A: secukinumab, brodalumab, and ixekizumab in
psoriatic arthritis (PsA).
Methods: The literature search was conducted using MEDLINE, EMBASE,
Cochrane Library, Scopus, and Web of Science. We included randomized
controlled trials that assessed the efficacy of IL inhibitors and reported
American College of Rheumatology 20 response at 24 weeks. Metaanalysis was done using random-effects model utilizing the DerSimonian
and Laird method. Quality assessment was done using RobotReviewer
Cochrane Risk-of-Bias Assessment Tool. Heterogeneity was assessed with
Q statistic and quantified with I2. Publication bias was assessed with a
funnel plot.
Results: Eight studies including 2722 subjects demonstrate the efficacy
of IL inhibitors clazakizumab, secukinumab, ixekizumab, brodalumab,
and ustekinumab in the treatment of PsA. The American College of Rheumatology 20/50/70 risk ratios were 2.02 (95% confidence interval [CI],
1.65–2.47; P = 0.000), 2.95 (95% CI, 2.32–3.73; P = 0.00), and 5.14
(95% CI, 3.28–8.06; P = 0.00), respectively, in favor of treatment versus
placebo. There was no evidence of significant heterogeneity between trials.
Subgroup analysis showed efficacy in patients who were tumor necrosis
factor naive, as well as tumor necrosis factor nonresponders or inadequate
responders. The number of adverse events was higher in the treatment
groups versus placebo, the majority were mild and did not require treatment adjustment (risk ratio, 1.17; 95% CI, 1.06–1.28; P = 0.001). There
was no significant difference in drug withdrawals.
Conclusions: Our meta-analysis shows that the inhibitors of IL-6
(clazakizumab), IL-12/23 (ustekinumab), and IL-17A (secukinumab,
brodalumab, ixekizumab) are efficacious and generally well tolerated when
used to treat patients with PsA.
Key Words: biologics, interleukin inhibitors, psoriatic arthritis,
spondylarthropathies
From the Departments of *Internal Medicine and †General Internal Medicine,
University of Arizona, Tucson, AZ; ‡Bronx-Lebanon Hospital Center,
Mount Sinai School of Medicine, Bronx, NY; §Rheumatology Care Specialists, Franciscan Physician Network, Indianapolis, IN; ||Division of
Rheumatology, Department of Internal Medicine, University of Arizona,
Tucson, AZ; and ¶Case Western Reserve University, MetroHealth Medical
Center, Cleveland, OH.
J.B. and I.B.R. have equally contributed as co–first authors for this project.
This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.
M.A.K. has received speaking fees from AbbVie and Novartis and honoraria as
a consultant for Janssen, Novartis, and Pfizer. The other authors declare no
conflict of interest.
Supplemental digital content is available for this article. Direct URL citation
appears in the printed text and is provided in the HTML and PDF versions
of this article on the journal’s Web site (www.jclinrheum.com).
Correspondence: Jawad Bilal, MD, Department of Medicine, University of
Arizona, 1501 N Campbell Ave, Tucson, AZ 85724.
E‐mail: jawadbilal@deptofmed.arizona.edu.
Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 1076-1608
DOI: 10.1097/RHU.0000000000000583

(J Clin Rheumatol 2017;00: 00–00)

P

soriatic arthritis (PsA) is an inflammatory arthritis with no
gender preference and has an estimated incidence of 6 per
100,000 per year and a prevalence of 1 to 2 per 1000 in the general
population.1–3 It is a heterogeneous clinical entity that may involve peripheral joints, axial skeleton, or both. Polyarthritis is
the predominant clinical pattern, observed by approximately
60% of the affected individuals, with an equal incidence of symmetric and asymmetric patterns.1 Tenosynovitis, enthesitis, and
dactylitis are commonly associated rheumatologic features. Arthritis precedes skin disease in approximately 15% of patients.4
Psoriatic arthritis is associated with significant morbidity and
mortality,5 and its therapy is aimed at alleviating discomfort, controlling skin and joint inflammation, and retarding or preventing
radiographic damage and functional impairment.6
Synthetic disease-modifying antirheumatic drugs, including
methotrexate, sulfasalazine, and leflunomide, are currently the initial therapy after failure of nonsteroidal anti-inflammatory drugs
and local therapy for active disease. However, sometimes these
medications are either inadequately effective or not well tolerated.6 The advent of biologics, including tumor necrosis factor α
(TNF-α) inhibitors, has advanced the treatment of PsA.6–9 However, TNF-α inhibitors may also have primary inefficacy or lose
efficacy with time in some patients. Switching to an alternative
TNF-α inhibitor or increasing the dose or frequency of administration may sometimes overcome this problem.10–12 To circumvent this issue, recent studies have focused on medications with
novel modes of action, such as the phosphodiesterase 4 inhibitor
apremilast, the T-cell activation inhibitor abatacept, and newer biologics inhibiting interleukin 6 (IL-6; i.e., clazakizumab), IL-12/23
(i.e., ustekinumab), IL-17 (i.e., secukinumab, ixekizumab, and
brodalumab), and IL-23 (i.e., guselkumab and tildrakizumab).13
These agents are either recently approved or being tested in
clinical trials that have demonstrated encouraging results. The
emergence of these agents warrants dynamic updated treatment
guidelines for PsA.
Recently conducted reviews have evaluated such novel treatment
options in PsA.8,14–16 We present here an updated meta-analysis
that includes the most recent data and compares the efficacy and
safety of newer therapies for patients who have previously used
TNF inhibitors alone or in combination with synthetic diseasemodifying antirheumatic drugs.

METHODS
Search Strategy
The meta-analysis was designed in accordance with the principles set by the Preferred Reporting Items for Systematic Reviews
and Meta-analyses checklist.17 Literature search was performed
using the following electronic bibliographic databases: MEDLINE
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(Ovid SP and PubMed), EMBASE, The Cochrane Library (Cochrane
Database of Systematic Reviews) and Cochrane Central Register
of Controlled Trials (CENTRAL), Scopus, and Web of Science.
The initial search was not restricted to English. The searches were
repeated just before the final analyses, and further studies were retrieved for inclusion until March 2017. The bibliographies of retrieved articles and previous review articles were hand searched
to obtain additional articles (Fig. 1).

Condition or Domain Being Studied
The targets of our investigation were randomized clinical trials
of adult patients with active PsA treated with biologic inhibitors of
IL-6: clazakizumab; IL-12/23: ustekinumab; IL-17A: secukinumab,
ixekizumab, and brodalumab; and IL-23: guselkumab and
tildrakizumab, and their results published before March 2017.
There were no trials available for guselkumab and tildrakizumab.
We did not include tofacitinib because it was a drug of the Janus
kinase inhibitor class. For the purpose of statistical analysis, we
excluded studies with no placebo arm.

inhibitor–naive patients, as well as concomitant use of methotrexate versus no methotrexate.

Data Extraction
Using the search strategy, we obtained titles and/or abstracts
of retrieved studies and imported them to endnote. Two investigators independently screened the titles and abstracts; the full texts
were screened if the articles met the inclusion criteria. Full texts
of these selected articles were obtained and evaluated by 2 investigators to confirm eligibility for inclusion. Discrepancy was resolved
via discussion. Two independent reviewers, using a structured template, performed data extraction from the included studies, and any
disagreements were resolved with consensus. A standardized data
extraction form was used to extract the following fields: year of
study, country of study, disease duration, study design, number of
patients, study phase, study duration, disease duration, age, gender,
body mass index (BMI), body surface area affected by the Psoriasis
Area Severity Index (PASI), C-reactive protein levels, swollen joint
score, tender joint score, and percentage of patients with enthesitis
and dactylitis, along with enthesitis score and dactylitis score.

Primary Analysis

Risk-of-Bias Assessment

The primary outcome was the American College of Rheumatology (ACR) 20% response reported at 24 weeks.

Risk of bias for the included trials was assessed using the
RobotReviewer, a Cochrane Collaboration’s tool.18

Subgroup Analysis

Strategy for Data Synthesis

We performed prespecified subgroup analysis to assess efficacy of IL inhibitors in the TNF inhibitor–exposed versus TNF

We calculated the risk ratio (RR) as an effect measure to
compare efficacy and safety between treatment and control arms.

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram describing literature search strategy.
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TABLE 2. Quality Assessment of Trials

RESULTS
A total of 1265 titles were retrieved using initial database
search. One thousand one hundred eighty-two studies were selected after removing duplicates, and 42 studies were considered
eligible for further review after reviewing titles and abstracts. A total of 9 randomized clinical trials were found to have outcomes of
interest, and 8 were included in the primary analysis.20–28 There
were 4 phase II trials and 4 phase III trials in the analysis. Primary
efficacy outcome in our meta-analysis was the percentage of patients
who achieved an ACR20 response by 24 weeks, and secondary
outcomes for efficacy were ACR50, ACR70, and PASI-75. Safety
end points were adverse effects, serious adverse effects, and withdrawal due to toxicity (Table 1).
There were 2722 subjects in our analysis; 1896 of them in the
anti–IL-12/IL-17/IL-23 (or “IL inhibitor”) group and 826 in the
placebo control group. Their average ages were 47.3 years in the
former and 49.1 years in the latter group; female percentages were
54.5% and 53.1%; baseline average swollen joint counts were
11.12 and 11.23, and baseline average tender joint counts were
21.58 and 20.6, respectively. Prevalence of enthesitis, as reported in
8 trials, averaged 64.9% and 65.85%, and that of dactylitis averaged
45.6% and 43.1%, respectively. Mean disease durations, as reported
in 7 trials, were 6.1 and 6.08 years; average BMIs, as reported
in 5 trials, were 31.0 and 29.6 kg/m2, and the average weights,
as reported in 3 trials, were 86.16 and 82.83 kg, respectively.
Quality assessment of the included studies is summarized in
Table 2. The included studies were well conducted across all
assessed domains. There was no evidence of significant publication bias (see supplementary material, Figure 1, http://links.lww.
com/RHU/A75).
Results of meta-analysis paralleled that of the individual
studies. The patients in the treatment group achieved ACR20/50/
70 responses at a significantly higher rate as compared with placebo,
with RRs of 2.02 (95% confidence interval [CI], 1.65–2.47;
P = 0.000), 2.95 (95% CI, 2.32–3.73; P = 0.00), and 5.14 (95%
CI, 3.28–8.06; P = 0.00), respectively (Figs. 2A–C). We also
did a sensitivity analysis based on the sample size of the
included trials, and removal of the phase 2 trial with n < 100 by
McInnes et al.21 did not impact the results of our analysis. The RR
of achieving an ACR20 response in the 2 studies of ustekinumab
was 2.060 (95% CI, 1.641–2.585; P = 0.000) (see supplementary
material, Figure 2A, http://links.lww.com/RHU/A75). The RR of
achieving an ACR20 response in the 3 studies of secukinumab
was 2.823 (95% CI, 2.177–3.661; P = 0.000) (see supplementary
material, Figure 2B, http://links.lww.com/RHU/A75).
There was no increase in the incidence of serious adverse effects in the treatment versus control groups (RR, 1.25; 95% CI,
0.73–2.15; P = 0.39). There was negligible heterogeneity between
these trials (I2 = 12.406, Q = 7.991) (see supplementary material,
Figure 3A, http://links.lww.com/RHU/A75). Withdrawals due to
toxicity were seen less in the active treatment group as compared
with the control group in 6 trials with an RR of 0.59 (95% CI,
0.32–1.22; P = 0.11) (see supplementary material, Figure 3B, http://
links.lww.com/RHU/A75). There was no evidence of heterogeneity

Study
(Author
and Year)

We conducted the meta-analysis using random-effects model utilizing the DerSimonian and Laird method. Heterogeneity was
assessed using Q statistic, and it was quantified using I2 statistic,
which, expressed as a percentage, represents the proportion of between study variation that is not random, that is, variation due to
differences in study design, interventions, or populations. Heterogeneity was considered negligible if I2 was less than 25%; moderate if I2 was approximately 50%, and substantial if I2 was 70% or
more.19 Publication bias was assessed with a funnel plot.

Blinding of the Blinding of
Random-Sequence Allocation Personnel and Outcome
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FIGURE 2. Risk ratio of achieving an ACR20 response at 24 weeks (IL inhibitors vs. placebo) (A). Risk ratio of achieving an ACR50 response at
24 weeks (B). Risk ratio of achieving an ACR70 response at 24 weeks (C).

between these trials (I2 = 0.000, Q = 4.953). There was an increased incidence of overall adverse effects in the treatment arm,
although the increase in risk was small (RR, 1.17; 95% CI,
1.06–1.30; P = 0.001). There was no evidence of heterogeneity
between these trials (I2 = 0.000, Q = 5.962) (see supplementary
material, Figure 3C http://links.lww.com/RHU/A75).
We performed several subgroup analyses. The RR of achieving an ACR20 response in the TNF-α inhibitor–naive group in 5 trials was 2.293 (95% CI, 1.510–3.482; P = 0.000) in favor of
treatment (Fig. 3A). There was no evidence of heterogeneity
between these trials (I2 = 0.000, Q = 3.453). The RR of
achieving an ACR20 response in patients with prior TNF-α
inhibitor exposure in 5 trials was 1.926 (95% CI, 1.392–2.665;
P = 0.000) (Fig. 3B). There was no evidence of heterogeneity
between these trials (I2 = 0.000, Q = 3.965). The RR of achieving
an ACR20 response in the concomitant methotrexate group versus
no-methotrexate group in 4 trials was 1.29 (95% CI, 0.90–1.86;
P = 0.16) (Fig. 4). Similarly, PASI-75 response values showed an
RR of 6.19 (95% CI, 4.38–8.76; P = 0.000) in favor of the
treatment arm (see supplementary material, Figure 4 http://links.
lww.com/RHU/A75). There was negligible heterogeneity
between these trials (I2 = 16.365, Q = 5.978).

DISCUSSION
This meta-analysis demonstrates the efficacy of IL-6/12/17/23
inhibitors (clazakizumab, secukinumab, brodalumab, ixekizumab,
ustekinumab) in the treatment of PsA regardless of prior TNF-α inhibitor exposure. A subgroup analysis showed that the combination
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

of methotrexate and IL inhibitors did not result in significantly increased benefit as compared with IL inhibitors alone for the duration of these trials (Fig. 4). Moreover, effectiveness of these agents
in patients with prior TNF-α inhibitor exposure makes them a
promising choice filling an unmet need.30–33
Results of this systematic review are consistent with recent
clinical trials and systematic reviews.8,14–16 The primary end point
of our analysis was ACR20 response at 24 weeks, which was reported by 6 clinical trials. There was an overall benefit for IL inhibitors in comparison with placebo (RR, 2.02; 95% CI, 1.65–2.47;
P = 0.000); this is close to the observed effect with TNF-α inhibitors in previous studies of PsA treatment.9 The response rate in
the prior TNF-α inhibitor exposure group was only marginally
lower than that in the TNF-α inhibitor–naive group (RR, 2.293
vs. 1.926). The response was observed across several disease
components including skin and musculoskeletal symptoms. A
large number of patients in the treatment arm also achieved a
PASI-75 score indicating promising results for the dermatological
component of the disease.
The IL inhibitors were generally safe and well tolerated by
the patients for the duration of the clinical trials. Adverse events
were noted to be higher in the treatment group as compared with
placebo, but most adverse events were mild and did not require
treatment adjustment. There was no significant increase in serious
adverse events. Interestingly, withdrawal rates were actually lower
in the treatment group, probably because subjects stayed in the
treatment group despite adverse effects because it was working
so well for their disease. These results suggest that the safety profile of these novel agents is likely favorable. However, future
www.jclinrheum.com
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FIGURE 3. Risk ratio of achieving an ACR20 response at 24 weeks among TNF-α inhibitor–naive group (A). Risk ratio of achieving an ACR20
response at 24 weeks among TNF-inadequate responders group (B).

studies looking at the long-term adverse effects are of paramount
importance to verify or uncover less common adverse effects (such
as suicidal ideation reported with brodalumab) and to address concerns of increased infection risks associated with biologic therapies.34,35 Recently, Candida infections are increasingly reported
with the use of IL-17 agents, that is, secukinumab, brodalumab,
and ixekizumab.36 Lipid abnormalities have been common with
IL-6 inhibitors in patients with rheumatoid arthritis, and it is very
important to have follow-up data in patients with PsA, especially
given the higher prevalence of metabolic syndrome in this
patient population.
This is the most up-to-date and comprehensive systematic review of IL inhibitors for PsA reporting both efficacy and safety
profiles. Our analysis has several strengths, including precise results with no significant heterogeneity, and subgroup analyses.
Moreover, we have demonstrated consistent efficacy of IL inhibitors for 24 weeks without significant increase in adverse effects
observed during the relatively short duration of the studies. Furthermore, our analysis further supports the view that IL inhibitors
are effective as monotherapy (without concomitant methotrexate)
in clinically relevant and sometimes challenging situations or

unmet needs, such as treatment of PsA patients who cannot receive TNF-α inhibitors because of contraindications, prior lack
of adequate response, or untoward effects of such treatment.
Our meta-analysis is limited by the lack of individual patient
data, and it is based on the outcomes reported (selectively) in the
published trials and is subject to the limitations of the individual
trials. Moreover, subgroup analysis does not follow the design of
the clinical trials. For example, none of these trials were designed
to compare IL inhibitor monotherapy to combination therapy with
methotrexate. We were unable to include complete data from all
studies for subgroup analysis because of unavailability, and one
of the studies was available only in abstract form. We plan to assess in the future the comparative efficacy and safety of IL inhibitors. A networking meta-analysis can compare different IL
inhibitors for their efficacy and safety and answer the question
whether these agents differ in their efficacy and safety. Moreover,
the current evidence regarding efficacy of clazakizumab is weak,
and there is a concern for lack of dose response. Further studies
are needed to elucidate the therapeutic role of clazakizumab in
PsA. Similarly, current safety data are limited to short-term clinical trial reports, and longitudinal data predicting infections and

FIGURE 4. Risk ratio of achieving an ACR20 response at 24 weeks (methotrexate-concomitant group and
methotrexate-nonconcomitant group).
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malignancy risk are not yet available. Lastly, inherent heterogeneity of PsA demands individualized treatment for diverse clinical
manifestations, while this review addresses only synovitis. Therefore, there is a need for clinical trials that also address the effects of
the drugs on the individual components of the wide clinical spectrum of PsA.
In summary, our systematic review demonstrates the efficacy
of IL-6, IL-12, IL-17, and IL-23 inhibitors in the management of
PsA. Although there are no head-to-head comparisons, the response rate to these IL inhibitors is similar to that previously reported with TNF-α inhibitors. The results of subgroup analyses
should be tested in well-designed randomized controlled trials that
should also allow investigators to address the optimal timing of
commencing treatment and its duration, identification of predictors
of response, switching between different IL inhibitors, response to
extra-articular manifestations, and discontinuation strategy on remission. Moreover, there is a need for dynamic changes in the
treatment strategies for psoriasis and PsA considering emerging
suite of newer biologics, that is, Janus kinase inhibitor tofacitinib
and IL-23 inhibitors tildrakizumab and guselkumab.29,37
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