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ABSTRACT

Introduction: Biologic treatments are increas-
ingly being used in the management of mod-
erate to severe plaque psoriasis (PSO).
Bimekizumab is a selective inhibitor of both
interleukin (IL)-17A and IL-17F approved for the
treatment of moderate to severe PSO. Although
bimekizumab trials provide comparisons to
secukinumab, adalimumab and ustekinumab,
there are no further head-to-head comparisons

of bimekizumab to other biologics. This net-
work meta-analysis (NMA) aimed to compare
the short-term efficacy of bimekizumab versus
other biologic systemic therapies for moderate
to severe PSO.
Methods: A systematic literature review was
conducted to identify randomised controlled
trials (RCTs) in patients with moderate to severe
PSO. MEDLINE, Embase, the Cochrane Central
Register of Controlled Trials and the Database of
Systematic Reviews and PsycINFO were sear-
ched on July 1, 2020. An enhanced multinomial
Bayesian NMA model was used to evaluate the
comparative efficacy in 50%, 75%, 90% and
100% improvement from baseline Psoriasis Area
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and Severity Index (PASI 50/75/90/100) at
10–16 weeks. The model was also adjusted for
baseline risk, given the variable placebo
responses across the trials.
Results: Eighty-six RCTs (including 34,476
patients) were included in the NMA. IL-17 and
IL-23 inhibitors were the most effective treat-
ments across all PASI levels. At 10–16 weeks,
bimekizumab had the highest probability of
achieving PASI 75 (92.3%), PASI 90 (84.0%) and
PASI 100 (57.8%). Bimekizumab demonstrated
statistical superiority over all biologics in
achieving PASI 90 and PASI 100 thresholds. For
PASI 75, the benefit of bimekizumab was sta-
tistically significant compared to all other
treatments except risankizumab and
ixekizumab.
Conclusion: This analysis demonstrated that
IL-17 and IL-23 inhibitors were highly effective
in achieving short-term improvement among
patients with moderate to severe PSO. Patients
receiving bimekizumab were significantly more
likely to achieve PASI 90 or PASI 100 within
10–16 weeks of the first injection than all other
biologics.

Keywords: Psoriasis; Efficacy; Network meta-
analysis; Biologics; Multinomial

Key Summary Points

Why carry out this study?

Plaque psoriasis (PSO) is an immune-
mediated disease associated with
increased mortality, substantial impact on
quality of life and major economic burden
to health systems

Over the past decade, several biologic
therapies have been introduced for the
treatment of moderate to severe psoriasis,
which led to a transformational impact on
treatment outcomes. Nevertheless, the
evidence on the role of biologic
treatments in the management of
moderate to severe PSO is largely based on
placebo-controlled randomised controlled
trials with limited head-to-head
comparisons

What did the study ask?/What was the hypothesis
of the study?

This systematic literature review and
network meta-analysis (NMA) evaluated
the comparative efficacy of bimekizumab
and other approved biologic therapies in
achieving skin clearance (as examined
using the Psoriasis Area and Severity
Index) within 10 to 16 weeks of treatment

What were the study outcomes/conclusions? (data)

At 10 to 16 weeks, the NMA (k = 86)
demonstrated that interleukin (IL)-17 and
IL-23 inhibitors were more effective
treatments than tumour necrosis factor
inhibitors across all PASI response levels
with bimekizumab 320 mg displaying the
highest probability of achieving PASI 75,
PASI 90 and PASI 100

What has been learned from the study?

Bimekizumab demonstrated statistical
superiority over all biologics in achieving
PASI 90 and PASI 100 thresholds, whereas
for PASI 75, the benefit of bimekizumab
was statistically significant compared to
all other treatments except risankizumab
and ixekizumab

INTRODUCTION

Plaque psoriasis (PSO) is an immune-mediated
disease characterised by flaky, scaly, itchy and
red skin plaques [1] and accounts for up to 90%
of psoriasis cases [2]. PSO affects approximately
1.5% to 2% of the general population of Wes-
tern Europe and North America with incidence
rates peaking in the 4th decade of life [3].
Severity of PSO depends on location, symptom
profile and intensity, surface area involved and
impact on daily functioning [4]. About 20% of
patients with PSO have moderate to severe dis-
ease, which is commonly defined as involv-
ing[ 10% of the body or affecting crucial body
parts [2, 5]. Severe disease is associated with
increased mortality, substantial impact on
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quality of life and major economic burden to
health systems [6, 7].

Conventional therapies, including systemic
non-biologic drugs such as methotrexate and
cyclosporine, are widely used and recom-
mended by several practice guidelines including
the Joint American Academy of Dermatology
and the British Association of Dermatologists
guidelines for the management of psoriasis
[8, 9]; however, their efficacy is limited in
patients with moderate to severe PSO, and they
are associated with a risk of major long-term
toxicity [10]. Biologic therapies have revolu-
tionised the management of PSO, offering
highly effective and tolerable treatment options
to healthcare providers and patients. They are
generally recommended for patients who have a
total Psoriasis Area and Severity Index (PASI)
score C 10, a Dermatology Life Quality Index
(DLQI) score[10 and are resistant to treatment
with traditional systematic drugs based on
intolerance, contraindications or failure in
response [11]. Currently approved groups of
biologic therapies for PSO include interleukin
(IL) antagonists and tumour necrosis factor
(TNF)-a targeting agents. IL antagonists target
pro-inflammatory cytokines, including the IL-
12/23p40 antibody (ustekinumab), and, more
recently, inhibitors of IL-17A (secukinumab and
ixekizumab), IL-17RA (brodalumab) and IL-
23p19 (guselkumab, tildrakizumab and risanki-
zumab) [12]. Bimekizumab, presently approved
in Australia, Canada, the European Union,
Japan and the UK [13–17], is the only approved
selective inhibitor of both IL-17A and IL-17F. IL-
17F is abundant in skin lesions and can drive
inflammation independently of IL-17A [18].
Bimekizumab prevents these cytokines from
binding to their cellular targets, inhibiting them
from promoting inflammation, and thus
reducing the symptoms of PSO. With its novel
dual inhibition mechanism of IL-17A and IL-
17F, bimekizumab has recently been reported to
offer a rapid and durable skin clearance in
patients with moderate to severe PSO [19–22].

Evidence on the role of biologic treatments
in the management of moderate to severe PSO is
largely based on placebo-controlled randomised
controlled trials (RCTs). Although bimekizumab
trials (BE RADIANT, BE SURE, BE VIVID) [20–22]

provide head-to-head comparisons to secuk-
inumab, adalimumab and ustekinumab, there
are no direct comparisons of bimekizumab to
other biologics. Indirect or mixed treatment
comparisons are necessary for informing deci-
sions about treatment choices by clinicians and
patients. The objective of this network meta-
analysis (NMA) was to compare the efficacy of
bimekizumab and other approved biologic sys-
temic therapies for moderate to severe PSO. The
analysis focused on the efficacy data at the end
of induction treatment (10 to 16 weeks)—
specifically, the proportions of patients achiev-
ing commonly reported percentage changes
with the PASI relative to baseline.

METHODS

Systematic Literature Review

This systematic literature review (SLR) was
conducted in accordance with the Cochrane
Collaboration [23] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
[24] guidelines to identify RCTs assessing the
short-term efficacy and safety of biologic and
non-biologic therapies in the management of
moderate to severe PSO. Searches of MEDLINE,
Embase, the Cochrane Central Register of Con-
trolled Trials, the Cochrane Database of Sys-
tematic Reviews, and PsycINFO were conducted
on March 5, 2019, and updated on July 1, 2020,
to identify English-language studies conducted
on humans. Database searches were conducted
using search terms and keywords for moderate
to severe PSO, approved treatments for the dis-
ease and study design of interest (i.e., RCTs)
(Table S1 to Table S4 in the electronic Supple-
mentary Material), and were supplemented by a
review of proceedings from seven PSO-related
conferences published between 2016 to 2020 .
Bibliographies of relevant SLRs identified in the
search (published between 2016 and 2020) were
manually examined for any studies not identi-
fied by the searches.

Data from five bimekizumab trials were
included in the SLR. These included the pub-
lished phase 2b (BE ABLE 1 [19]) and four phase
3/3b trials that were not yet published at the
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time of the review (data on file for BE READY,
BE SURE, BE VIVID and BE RADIANT were made
available [25–28]).

Study Selection

Articles identified through database searching
were screened against the pre-defined inclusion/
exclusion criteria, defined by the population,
interventions, comparators, outcomes, study
design, and time framework (Table S5 in the
electronic Supplementary Material). Articles
were included if they reported on RCTs inves-
tigating the efficacy (assessed via percentage
improvement in the PASI from baseline) of
biologic therapies (at dosages approved by the
European Medicines Agency) and non-biologic
therapies at the end of the induction treatment
phase (10 to 16 weeks) for adults with moderate
to severe PSO. Phase 2 trials were considered for
inclusion only if two treatments arms were
evaluated (i.e., a licensed dose strength of a
biologic intervention of interest and placebo);
additional treatment arms of unlicensed dose
strengths were excluded from the evidence base.
Title and abstract screening and full-text review
were conducted independently by two review-
ers. Discrepancies were resolved by consensus or
by a third, more senior reviewer.

Data Extraction and Risk-of-Bias
Assessment

Data from the included studies were extracted
by one researcher into pre-designed standard-
ised data extraction forms. Data elements
included study characteristics and patient
characteristics (including demographic charac-
teristics, comorbidities, disease duration and
prior treatment), treatment details and out-
comes of interest for each RCT. All extractions
were independently validated by a second
investigator. The quality of all RCTs was asses-
sed using the Cochrane Risk of Bias Assessment
Tool 2.0 [29].

When more than one publication was iden-
tified for the same RCT, data extracted from the
primary publication were supplemented with

more recent data available in related
publications.

NMA Assumptions

NMAs are based on the assumption that the
underlying relative treatment effects (between
any two specific treatments, after disregarding
the sampling error) are the same in all trials
[30]. This study assessed the presence of poten-
tial effect modifiers [31], such as disease dura-
tion, baseline PASI scores, prior biologic therapy
use, and presence of comorbidities to confirm
consistency and similarity among the eligible
trials that connected to the network. Since pla-
cebo response may also interact with relative
treatment effect, these differences were exam-
ined and are presented in Figure S1 in the
electronic Supplementary Material. Small dif-
ferences in treatment doses and schedule in the
non-biologic treatments cyclosporine and
methotrexate were assumed to have no impact
on relative effects; this assumption was based
on expert clinical review and allowed for net-
work connectivity.

NMA

A Bayesian multinomial likelihood NMA model
(probit link) was conducted to compare the
relative effects for 50%, 75%, 90% or 100%
improvement from baseline (PASI 50/75/90/
100) across treatments at 10 to 16 weeks. This
time frame encompasses the range of stated
primary end point time points across studies,
and we selected PASI findings at the stated pri-
mary end point for each of the studies included
in the NMA. This study explored clinical
heterogeneity and the performance of NMA
models using unadjusted and adjusted models
per the National Institute for Health and Care
Excellence (NICE) Decision Support Unit rec-
ommendations [32–34]. This NMA focused on
efficacy outcomes, and safety data were not
incorporated.

The NMA was based on the NICE NMA
model for standard multinomial analysis [34]
including a component for baseline risk. Base-
line risk was considered as the relative effects of
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drugs in autoimmune diseases, particularly for
treatment response, may depend on baseline
risk (i.e., the placebo rate and relative effect of a
treatment versus placebo are often related [34]).

Furthermore, because the standard multino-
mial model assumes that a relative treatment
effect (i.e., probit difference) is identical for all
PASI levels, we modified the model to allow the
relative treatment effects to vary across PASI
thresholds. This modification, introduced by
Fahrbach et al. in another NMA of moderate to
severe PSO [35], added a random-effects (RE)
component to the parameter z and is referred to
below as the ‘REZ’ model. This addition models
each treatments’ increase in difficulty to the
next-highest PASI cut-off as varying around a
common mean while the standard model
assumes all treatments have exactly the same
mean difficulty (in probit terms) in achieving a
higher PASI cut-off. The practical impact of this
model addition is that it allows treatment
rankings to differ across different PASI cut-offs,
which is not possible under the standard model.

All analyses were run with fixed-effects (FE)
and RE modelling for relative treatment effects.
Eight different analytic scenarios were tested by
crossing FE/RE for treatment effects with the
aforementioned modelling modifications (i.e.,
the inclusion/exclusion of baseline risk and the
use of standard versus REZ modelling). Binomial
analyses with a logit link for all PASI responses
were performed as sensitivity analyses; how-
ever, some interventions were not compared
because of lack of trial data. In addition, the
rarity of events for PASI 100, particularly in the
placebo arms of numerous trials, precluded the
conduct of the binomial sensitivity analysis for
this threshold.

The posterior mean residual deviance and
deviance information criteria (DIC) were used
to compare the goodness of fit of the eight
analytic multinomial models (i.e., a better-fit-
ting model is generally one with a DIC smaller
by[5 points) [34, 36]. Other considerations for
the selection of the base case model included
the current understanding of PSO (i.e., relative
effects depend on placebo rates) [31], practice of
the analytic approaches, expert opinion and
data availability.

A Bayesian NMA was conducted (see the
appendix in the electronic Supplementary
Material for detailed description of the prior
choice, Monte-Carlo simulations and model
convergence assessment) from which the med-
ian and (2.5th and 97.5th) percentiles of the
posterior samples for each effect were used to
estimate the effect (e.g., probit differences
between treatments) and its 95% credible
interval (CrI) and to obtain the rank probability
of a treatment being the best or better than each
comparator. The estimate of the response
probability of achieving each threshold (e.g.,
PASI 90) for a treatment was similarly obtained
by summarizing the corresponding samples of
probability. For easier interpretation, the risk
ratio and risk difference at each threshold were
calculated similarly. The number needed to
treat (NNT) for each treatment vs placebo was
estimated as the reciprocal of the corresponding
treatment’s risk difference with placebo at each
threshold. In the binomial analysis, we only
estimated the odds ratios and the corresponding
CrIs. We only reported the findings of PASI 75,
PASI 90 and PASI 100 here although PASI 50
(threshold not of clinical relevance) data were
used in our analytical models to improve the
model stability given that PASI responses in the
placebo arm tended to be low or completely
absent with increasing PASI thresholds.

The methods to detect network inconsis-
tency were based on NICE Technical Support
Documents, which recommended the use of an
unrelated mean effect model [37]. Residual
deviance in each arm in each study was also
obtained in the multinomial model (for which
average deviance over all PASI responses was
computed) to evaluate absolute fit to the data.
No substantive examples of inconsistency or
heterogeneity were detected from investigation
of arm-level deviances from the different mod-
els that were investigated (badly fitting data
contribute to high heterogeneity, inconsis-
tency, or both in a network). Below, we use the
frequentist terminology ‘statistically significant’
to refer to 95% CrIs that do not include 1.0 (for
odds ratios or risk ratios) or 0 (for probit
differences).

Bayesian NMAs of multinomial models were
conducted in JAGS (version 4.3.0), and
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binomial NMAs were conducted in OpenBUGS
(version 3.2.3).

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

SLR Search Results

The SLR searches yielded 4922 unique publica-
tions from the electronic literature databases
and 107 from other sources. After screening,
354 publications met the inclusion criteria for
the comparative efficacy and safety outcomes.
Eighty-six of these trials (reported across 80
publications), including 34,476 patients, met
the inclusion criteria for the planned efficacy
NMAs. The flow of included studies in the SLR
and NMA is summarised in Fig. 1.

Study and Patient Characteristics

Among the included studies, 56 reported on
phase 3 or phase 3b trials, 10 were phase 2, 3
were phase 2/3, 2 were phase 4 and 15 did not
report trial phase. Total sample sizes of included
studies ranged from 20 [38] to 1306 [39]
patients, with most studies analysing at least
100 patients. All had similar inclusion/exclu-
sion criteria and definitions of PSO severity.
Trial populations were generally similar with
respect to age and sex. The mean age of partic-
ipants in the different treatment arms ranged
from 38.3 [40] to 55.3 years old [41] and were
mostly males. The proportion of patients with
comorbid psoriatic arthritis (PsA) ranged from
2.4% [40] to 36.8% [42]. Patients had moderate
to severe PSO for an average of 11 [42] to
24 years [41]. Additional details on patient
characteristics are presented in Table S6 in the
electronic Supplementary Material. Non-bio-
logic and biologic systemic therapies were

evaluated in 16 and 76 trials, respectively. IL
inhibitors were more commonly investigated
biologics (k = 46) compared to TNF-a inhibitors
(k = 40) with etanercept and secukinumab
being the most commonly studied interven-
tions as they were evaluated in 11 and 13 trials,
respectively.

A total of 67 trials were deemed to have a low
risk of bias, 14 were rated as having some con-
cerns, and 5 had a high risk of bias. Summary
assessments for each domain and the overall
risk of bias are presented in Table S7 in the
electronic Supplementary Material.

The feasibility assessment demonstrated that
the main sources of heterogeneity among
included trials were variation in geography,
study years, comorbid PsA, time since diagnosis,
prior phototherapy or non-biologic treatment
use and prior biologic treatment use (Table S6 in
the electronic Supplementary Material). Studies
varied widely in reported placebo rates (Fig-
ure S1 in the electronic Supplementary Mate-
rial). Accordingly, baseline-risk adjustment
model was undertaken to address this hetero-
geneity across trials. Network diagrams for the
base case analysis and the different sensitivity
analyses are presented in Fig. 2.

NMA RESULTS

Model Fit and Diagnostics

The best-fitting model for the base case analytic
scenario, which included all eligible evidence,
was the baseline-unadjusted FE, REZ model.
However, given the small differences in the DIC
and based on clinical recommendations, the a
priori choice of considering the baseline risk-
adjusted model (RE REZ) was selected as our
base case model. Model fit results are sum-
marised in Table S8 in the electronic Supple-
mentary Material. No substantive evidence of
inconsistency or heterogeneity was detected
across the different NMAs.
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Efficacy of Bimekizumab Relative to Other
Biologic Therapies at 10–16 Weeks

The base case model demonstrated that IL-17
and IL-23 (including bimekizumab 320 mg,
risankizumab 150 mg, ixekizumab 80 mg, bro-
dalumab 210 mg, guselkumab 100 mg and
secukinumab 300 mg) were the most effective
treatments in the network across all PASI

response levels. At 10–16 weeks, bimekizumab
320 mg had the highest probability of achieving
PASI 75, PASI 90 and PASI 100, with response
probabilities of 92.3%, 84.0% and 57.8%,
respectively (Fig. 3, and Table S9 in the elec-
tronic Supplementary Material). Risankizumab
150 mg and brodalumab 210 mg had the second
and third highest probabilities of PASI 90 and
PASI 100, respectively.

Fig. 1 PRISMA Flow Diagram of Study Inclusion and
Exclusion of Clinical Efficacy and Safety. NMA network
meta-analysis, OLE open-label extension, PRISMA Pre-
ferred Reporting Items for Systematic Reviews and Meta-

Analyses, RCT randomised controlled trial, SLR systematic
literature review
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Among the TNF-a inhibitors, infliximab
5 mg/kg demonstrated the highest probability
of response across all PASI response levels. Both
doses of etanercept (25 mg and 50 mg) had the
lowest response probabilities among the bio-
logics (Fig. 3). The full results, including non-
biologic treatments, can be found in Table S9,
Figure S2, and Figure S3 in the electronic Sup-
plementary Material.

Bimekizumab 320 mg was superior in
achieving PASI 90 and PASI 100 at the specific
thresholds compared with all other treatments
in the base case model (Fig. 4). Differences were
statistically significant for achieving PASI 90

and PASI 100 compared to all other treatments.
For PASI 75, the benefit of bimekizumab was
statistically significant compared to all other
treatments except risankizumab 150 mg and
ixekizumab 80 mg. Findings of the sensitivity
analyses conducted using the binomial models
were mostly consistent with the base case
results for PASI 75 and PASI 90 (Figure S3).

Bimekizumab had the lowest NNT to achieve
PASI 75, PASI 90 and PASI 100 when compared
with placebo, followed by risankizumab
150 mg, ixekizumab 80 mg and brodalumab
210 mg (Table S10 in the electronic Supple-
mentary Material). The NNTs (95% CrI) for

Fig. 2 Network diagram for trials reporting PASI
outcomes. ACTR acitretin, ADA adalimumab, APR
apremilast, BKZ bimekizumab, BRO brodalumab, CSP
cyclosporine, CZP certolizumab pegol, DF dimethyl
fumarate, ETN etanercept, GUS guselkumab, IL

interleukin, IFX infliximab, IXE ixekizumab, MTX
methotrexate, PASI Psoriasis Area and Severity Index,
PBO placebo, RZB risankizumab, SEC secukinumab, TIL
tildrakizumab, TNF tumour necrosis factor, UST
ustekinumab

1784 Dermatol Ther (Heidelb) (2022) 12:1777–1792



bimekizumab to achieve PASI 75, PASI 90 and
PASI 100 were 1.16 (CrI: 1.12, 1.20), 1.22 (CrI:
1.16, 1.29) and 1.74 (CrI: 1.58, 1.96),
respectively.

Results of the best fitting model (i.e., base-
line-unadjusted FE, REZ model) were consistent
with those obtained using our base case model
selected a priori (baseline-adjusted RE, REZ),

Fig. 3 Probit probabilities (95% CrI) of achieving PASI
outcomes (REZ, adjusted, random-effects multinomial
model). Treatments are sorted by the highest to lowest

probabilities of reaching PASI 75. CrI credible interval, IL
interleukin, PASI Psoriasis Area and Severity Index, TNF
tumour necrosis factor

Fig. 4 Risk ratios (95% CrI) of achieving PASI 75, PASI
90 and PASI 100 for bimekizumab 320 mg versus other
treatments (REZ, adjusted, random-effects multinomial
model). Treatments are sorted by the highest to lowest
probabilities of reaching PASI 75. CrI credible interval, IL

interleukin, PASI Psoriasis Area and Severity Index, TNF
tumour necrosis factor
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whereby bimekizumab 320 mg had the highest
probability of achieving PASI 75, PASI 90 and
PASI 100 (Table S11 in the electronic Supple-
mentary Material) and was superior in achiev-
ing the different PASI responses compared with
all other treatments.

DISCUSSION

This SLR and NMA assessed the comparative
efficacy of bimekizumab and other licensed
biologic therapies for the treatment of moderate
to severe PSO. These findings suggested that IL-
17 and IL-23 inhibitors were the most effective
treatments in the network across all PASI
response levels.

Interleukin-12/23, -17 and -23 inhibitors,
except tildrakizumab and secukinumab 150 mg,
had a[ 70% probability of achieving PASI 75
after 10–16 weeks of treatment. The superiority
of IL inhibitors over TNF-a inhibitors and non-
biologics in moderate to severe PSO has been
well documented in several NMAs. Armstrong
et al. [43] and Sawyer et al. [44] demonstrated
that ixekizumab, risankizumab and brodalumab
had higher response rates at 10–16 weeks versus
TNF-a inhibitors and non-biologics. Wright
et al. [45] showed that most NMAs evaluating
the efficacy of biologic therapies concluded that
IL inhibitors were superior to other available
therapies in treatment of moderate to severe
PSO. These findings align with the central roles
IL-17 and -23 cytokines play in the pathogenesis
of PSO [46]. In addition, the differences in the
efficacy among IL inhibitors evaluated in our
NMA can be attributed to the distinct roles
played by the different cytokines in the patho-
genesis of PSO. Specifically, IL-23 has been
shown to play a key role in activating the Th17
pathway and the downstream production of the
IL-17 cytokines such as IL-17A and IL-17F. Thus,
biologic therapies targeting IL-23, including
risankizumab, guselkumab and tildrakizumab
have been shown to achieve high levels of skin
clearance in PSO [47–49]. However, IL-23 inhi-
bition does not result in a complete blockage of
IL-17, which is also produced via non-Th17 cells
[50, 51]. The direct downstream inhibition of
IL-17A cytokines has been also shown to be a

clinically effective strategy, as demonstrated by
the therapeutic benefit of secukinumab and
ixekizumab in moderate to severe PSO [39, 52].
However, given the abundance of IL-17F in
psoriatic lesions [53, 54], it has been postulated
that the simultaneous selective inhibition of
both IL-17A and IL-17F cytokines may provide
an additional benefit compared to inhibiting IL-
17A only [18]. This has been corroborated in the
phase III BE RADIANT trial that demonstrated a
greater clinical benefit for the selective dual IL-
17A and IL-17F inhibition with bimekizumab
compared to IL-17A inhibition only with
secukinumab [21].

A key finding of this NMA was the superior-
ity of bimekizumab 320 mg in achieving PASI
90 and PASI 100 at 10 to 16 weeks compared
with all treatment options and superiority in
achieving PASI 75 at 10 to 16 weeks compared
with all treatment options, except ixekizumab
80 mg and risankizumab 150 mg. These find-
ings were consistent when tested using the
available binomial RE models, whereby bimek-
izumab had significantly higher odds of
achieving PASI 75 and PASI 90 response levels
versus all comparators (except PASI 75 versus
risankizumab 150 mg). The magnitude of dif-
ference consistently increased with higher PASI
responses. Bimekizumab, with its selective
inhibition of both IL-17A and IL-17F, offered
the additional benefit in achieving complete
skin clearance within 10 to 16 weeks of treat-
ment. While Sbidian et al. [55] found that
bimekizumab ranked fourth behind infliximab,
ixekizumab and risankizumab in achieving PASI
90, their NMA included only a single RCT
assessing the efficacy of bimekizumab (BE ABLE
1, a phase 2 dose-finding study, with only 40
patients receiving the licensed dose strength of
320 mg) [19], and estimates of relative effects
between treatments were more imprecise than
in the current study, which used data from four
bimekizumab phase 3/3b trials (BE READY, BE
SURE, BE VIVID, and BE RADIANT) [25–28].
They also included trials investigating non-ap-
proved therapies and assessed PASI within a
wider time frame (8 to 24 weeks). Although
these methodologic differences limit direct
comparability, our findings showed that with
the inclusion of additional evidence,
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bimekizumab had a substantial advantage in
achieving higher PASI response rates compared
with other biologic and non-biologic therapies
at 10 to 16 weeks.

The results of our NMA were consistent with
the recently published NMA conducted by
Armstrong et al. [43] and Shear et al. [56]. Both
NMAs demonstrated that biologic treatments
were superior over non-biologic treatments in
improving short-term PASI outcomes. Among
biologics, both NMAs showed that IL inhibitors
had better efficacy compared with TNF inhibi-
tors. However, unlike our NMA, none of the
aforementioned NMAs included trials that
evaluated the efficacy of bimekizumab in PSO.
The scope of this NMA differed from several
other previously published NMAs; for example,
some evaluated unlicensed dosages of available
therapies (Jabbar-Lopez et al. [57] and Sbidian
et al. [55]) restricted analysis to comparisons of
specific treatment classes (Bai et al. [58] and Xu
et al. [59]), included paediatric patients (Jabbar-
Lopez et al. [57]) or had a different follow-up
time (Xu et al. [59] and Sbidian et al. [55]). Our
NMA employed distinct methodologic approa-
ches at the level of evidence generation, which
aimed to provide clinically meaningful com-
parative effect estimates among the biologics.
For example, the protocol was limited to
approved treatments with licensed dosages and
restricted the follow-up period (10–16 weeks),
which facilitated the interpretation of results in
a healthcare decision-making setting.

This study employed the REZ model—an
enhancement to the standard multinomial
analysis model—to study the comparative effi-
cacy of non-biologic and biologic interventions
in achieving improvement in PASI outcomes
[35]. The REZ model addresses the inherent
drawbacks of both the binomial and standard
multinomial models. For instance, in a bino-
mial model, treatments with missing data for
certain thresholds are excluded entirely from
the corresponding NMA, and these models do
not account for the dependence between the
ordinal PASI thresholds. In addition, for PASI
thresholds with very rare events, binomial
models often fail to converge. While these
drawbacks are addressed in standard multino-
mial models, which allow ‘‘borrowed strength’’

across PASI levels, they also assume that treat-
ments have the exact same relative efficacy
versus one another for each PASI level. The
enhanced REZ multinomial model simultane-
ously addresses the drawbacks of both the
binomial and standard multinomial models by
adding a random effects component that allows
for variability in relative effects across PASI
levels, while still ‘borrowing strength’ through
modelling a mean effect between each thresh-
old. Fahrbach et al. [35] demonstrated that the
REZ model was associated with considerably
better model fit for both the FE versus RE in
another NMA conducted in patients with
moderate to severe PSO. A multinomial model
was employed because of the advantage given
by such a model of synthesizing data across
dependent outcomes (e.g., PASI 50/75/90/100)
simultaneously. Wright et al. [60] concluded
that although the choice of multinomial versus
binomial models minimally impacted the effi-
cacy and safety estimates, they led to different
results at the level of relative ranking of thera-
pies. Baseline risk was simultaneously adjusted
for, where possible. Although the unadjusted
models were associated with slightly better
overall fit compared to the adjusted models in
our NMA, there are multiple factors that sup-
port the notion of adjusting for placebo
response. Slight absolute differences in placebo
response rates across trials (e.g., 3% vs 6%)
greatly impact unadjusted relative treatment
effects. The estimate of the slope of baseline risk
was highly significant, and previous considera-
tions of response in autoimmune disorders have
also found that adjustment for baseline risk is
useful [34].

The strengths of this review include its rig-
orous methodology, which is adherent to Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, and its
thorough assessment and inclusion of all eligi-
ble evidence base. However, our study had some
limitations. This review only captured publica-
tions available in English and published before
July 2020. As a result, more recent, relevant
publications may not have been included.
Nevertheless, each of the IL inhibitors was rep-
resented in at least five trials in the base case
network (except for tildrakizumab, which was
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assessed in three trials). While the inclusion of
newer evidence will further improve the
robustness of the NMA estimates, it is unlikely
to have a substantial impact on our SLR and
NMA conclusions. While no major differences
in the patient characteristics were found across
included trials, a degree of heterogeneity was
evident in the prevalence of PsA, time since PSO
diagnosis and previous use of systemic thera-
pies. However, the adjustment of baseline risk
via placebo rates adjusted for some of the
potential heterogeneity in patient characteris-
tics across the trials. Finally, our NMA only
evaluated short-term PASI responses and did
not investigate the comparative safety among
the different treatments, as the assessment of
safety end points requires longer term studies
that follow substantially higher number of
patients.

CONCLUSIONS

This NMA demonstrated that IL-17 and IL-23
inhibitors were highly effective in short-term
improvement of PSO symptoms among patients
with moderate to severe disease. With bimek-
izumab and its selective inhibition of both IL-
17A and IL-17F, patients were significantly
more likely to achieve PASI 90 or PASI 100
within 10–16 weeks of the first injection than
with all other biologics. Patients with moderate
to severe PSO receive lifelong therapy; there-
fore, future studies should evaluate the
risk–benefit balance of available therapies by
studying the long-term effectiveness and safety
data in open-label extensions and in real-world
settings.
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