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ORIGINAL ARTICLE

Targeted therapies for patients with moderate-to-severe psoriasis: a systematic
review and network meta-analysis of PASI response at 1 year

Najeeda Yasmeena, Laura M. Sawyera, Kinga Malottkia, Lars-Åke Levinb, Eydna Didriksen Apolc and
Gregor B. Jemecd

aSymmetron Limited, London, United Kingdom; bInstitute of Health and Medicine, University of Link€oping, Link€oping, Sweden; cLEO
Pharma A/S, Ballerup, Denmark; dDepartment of Dermatology, Sjaellands Universitetshospital, Roskilde, Denmark

ABSTRACT
Purpose: To compare PASI outcomes of approved biologics and apremilast after 1 year of treatment.
Methods: A systematic review identified RCTs and long-term extensions reporting PASI 75, 90, and
100 responses in adults with moderate-to-severe psoriasis. Data for analysis were modeled using a
Bayesian multinomial likelihood model with probit link.
Results: Twenty-eight studies reporting PASI responses were included in the network meta-analysis.
Differences in study design led to a stepwise approach to synthesis, consisting of two analyses. The
primary analysis included nine RCTs investigating comparative efficacy at 1 year. Results indicated
risankizumab, brodalumab, and guselkumab were the most effective therapies, followed by ixekizu-
mab and secukinumab; all demonstrated superiority to ustekinumab and etanercept. The secondary
analysis extended the primary analysis with 19 further studies comparing active interventions to pla-
cebo outcomes extrapolated from induction. The interventions generating the highest PASI response
were the same as the primary analysis. These therapies were more effective than apremilast, ustekinu-
mab, adalimumab, certolizumab, etanercept, and infliximab.
Conclusions: This NMA demonstrated that evaluated IL-17 and IL-23 inhibitors outperformed other
biological therapies after 1 year. Risankizumab had a higher probability of achieving PASI outcomes
than all other biologics, except brodalumab and guselkumab, where no significant difference could
be concluded.
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Introduction

Psoriasis is a chronic inflammatory systemic disorder which
affects approximately 100 million people worldwide (1). Psoriasis
symptoms can present on both skin and nails in varying severi-
ties and a quarter of patients suffer from moderate-to-severe
disease. The most characteristic skin lesions are localized,
demarcated, red papules, and plaques often covered with white
or silver scales (2).

Due to the chronic nature of the disease, most patients
require long-term therapy (3). In clinical trials for psoriasis there
are two defined treatment periods: a short 10- to 16-week
induction phase, followed by maintenance phase therapy (4).
Studies evaluating treatments beyond induction use a variety of
different study designs (5,6). In many trials, some or all patients
from the induction phase placebo arm switch to the active ther-
apy and can no longer provide a suitable comparison for the
patients receiving a licensed dose throughout the induction and
maintenance phases. The maintenance phases of these trials are
usually non-randomized and may be considered single-arm
studies. In another group of trials, referred to as randomized
withdrawal trials, treatment responders from one or more induc-
tion phase arms are re-randomized to continue active therapy
or to receive placebo. Therefore, such a randomized withdrawal

design compares continuous versus interrupted therapy, rather
than the comparative efficacy of maintained interventions.

For clinical decision making, the most useful studies are
those that compare interventions head to head from baseline
through to a long-term endpoint, though there are not many of
these, especially for older treatments. However, most clinical
studies focus on short-term induction periods (7).

In recent years, the number of treatments available for mod-
erate-to-severe psoriasis has increased, enabling dermatologists
to optimize therapy for patients to achieve better outcomes (8);
however, choosing between therapies can be challenging.
Numerous network meta-analyses (NMAs) that have investigated
psoriasis therapies over the first 10 to 16weeks of treatment
have been published (9–14) and yet only two reviews have
quantitatively assessed the long-term efficacy of psoriasis thera-
pies: one at 6months (15) and another at 1 year (16). Since
these studies were published, four new treatments have been
licensed for psoriasis – certolizumab pegol, guselkumab, tildraki-
zumab, and risankizumab. In addition, new long-term studies of
previously approved biologics have been published (17). As new
therapies become licensed and new evidence emerges, it is
important to evaluate the available therapies to inform treat-
ment decisions.
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The objective of this systematic literature review (SLR) and
NMA was to update the study by Sawyer et al. (16) with the
inclusion of new evidence and recently licensed interventions.
This study aimed to compare the efficacy of approved targeted
therapies (brodalumab, ixekizumab, secukinumab, guselkumab,
risankizumab, tildrakizumab, ustekinumab, adalimumab, certoli-
zumab pegol, etanercept, infliximab, apremilast) for moderate-
to-severe psoriasis after around 1 year of therapy. Efficacy was
measured using the Psoriasis Area and Severity Index (PASI)
which captures both severity of psoriatic lesions and area cover-
age. The PASI score ranges between 0 and 72, and response is
usually measured with percentage improvement in PASI score,
with values of 50, 75, 90, and 100% frequently cited in the lit-
erature (18,19).

Materials and methods

An SLR was conducted to identify randomized controlled trials
(RCTs) and long-term extensions that assessed the long-term
efficacy of biologic therapies and apremilast in adult patients
with moderate-to-severe chronic plaque psoriasis. The SLR was
performed in accordance with a protocol developed prior to the
commencement of the review.

MEDLINE, MEDLINE In-Process, Embase, and the Cochrane
Library were searched from the January 01, 2000 to September
23, 2019 for articles published in English. Search strategies
included index and text terms for psoriasis, the relevant inter-
ventions and RCTs. The full search strategies can be found in
the Supplementary Table 1. Supplementary searches were also
performed. These included checking the reference lists of
included studies and searches in disease-specific and health
economic and outcomes research congresses. All identified titles
and abstracts were assessed for inclusion by one reviewer, with
a second reviewer independently performing a 50% check. Full
texts were then further reviewed in the same manner by both
reviewers. Discrepancies were resolved by discussion or, if
necessary, by a third reviewer.

Long-term extensions and RCTs comparing European
Medicines Agency (EMA)-approved interventions of interest at
their licensed doses – adalimumab, apremilast, brodalumab,
certolizumab pegol, etanercept, guselkumab, infliximab, ixekizu-
mab, risankizumab, secukinumab, tildrakizumab, and ustekinu-
mab – with any comparator including placebo, another biologic
therapy of interest or a non-biologic systemic therapy were eli-
gible for inclusion. Trials had to include an intervention regimen
that was administered at a licensed dose throughout the entire
induction to maintenance phase. The outcome of interest was
improvement in PASI score (PASI 75, PASI 90, and PASI 100) at
or around 52weeks. PASI 50 was not included as it was
reported in very few studies. The full set of inclusion criteria can
be found in the Supplementary Material S2.

For studies meeting the eligibility criteria, characteristics
regarding the study design, patient population, interventions,
outcomes, and PASI results were extracted. The methodological
quality of studies was assessed using the Cochrane Risk of
Bias Tool.

Analysis

The between-study heterogeneity was assessed by comparing
features including treatment, outcome, study design, and
patient characteristics. Studies were combined using a

hierarchical Bayesian NMA of PASI responses using an ordered
probit model to estimate the probabilities of achieving each
level of PASI response. PASI 75 responses of the reference arm
in included studies were utilized to inform baseline event rates.
Prior exposure to biological therapies varies across trials in psor-
iasis and is thought to be a potential effect modifier (20,21);
therefore, a sensitivity analysis was carried out excluding studies
which included <5% of patients with prior experience of biolog-
ics or which did not report this information.

Due to differences in study design for maintenance phase
data, a stepwise approach to synthesis was undertaken, with a
primary and secondary analysis. The primary analysis (analysis 1)
included studies with comparative evidence at 52-weeks. In order
to include more studies and interventions, a second analysis was
conducted (analysis 2). This analysis included long-term extension
data for active therapies and induction-phase PASI results for
patients receiving placebo who, in long-term extensions had
switched from placebo to active treatment. In these studies, the
induction phase data from the placebo arms were compared
with the maintenance phase data from the active therapy arms,
assuming placebo responses during induction persist into main-
tenance. In other words, placebo induction phase responses were
carried forward to the end of maintenance.

Both fixed and random-effects models were used to generate
results. Model-fit statistics including deviance information criter-
ion (DIC) and the total residual deviance indicated that the ran-
dom-effects model was the best-fit for the data, therefore, only
these results are presented in this study. Inconsistency between
direct and indirect estimates of effect was assessed for any
loops in the evidence network using the two stage Bucher
method (22).

WinBUGS version 1.2 statistical software was used to perform
all analyses, using non-informative priors. After an initial burn-in
of at least 20,000 simulations, convergence was confirmed
through visual inspection the Brook-Gelman-Rubin diagnostic and
history plots. Sampled parameters were then estimated using
50,000 simulations on three chains. Results were calculated as the
absolute probabilities of response for each treatment and as risk
ratios (RRs) for every pairwise comparison at each level of PASI
response. Point estimates reflecting the median value are pre-
sented, along with 95% credible intervals (95% CrIs), reflecting
the range of true effects with 95% probability. Statistically signifi-
cant differences have been interpreted as a 95% CrI which does
not include the null value, 1. Numbers needed to treat (NNT) are
also presented for the achievement of complete clearance (PASI
100). A numeric presentation of each treatment’s rank distribu-
tion, called the surface under the cumulative ranking (SUCRA)
curve, is also presented. The SUCRA takes into account the effect
sizes and accompanying uncertainty. If a treatment always ranks
first, then the SUCRA is equal to 100%; if a treatment always
ranks last, then the SUCRA equals 0%.

Results

Literature search results

Electronic database searches identified 7654 articles, and a fur-
ther 14 articles were identified through supplementary searches.
A total of 5915 records were screened at title and abstract
stage, of these, 707 full text records were assessed. The SLR
included 88 articles consisting of both induction and mainten-
ance phase data (Figure 1).
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Evidence network

Of the 88 studies included in the SLR, 44 included maintenance
phase data between 40 and 64weeks. Studies were compared
for potential sources of heterogeneity and the evidence consid-
ered relevant for synthesis further refined. Sixteen studies were
excluded from the NMA due to differences in study design and
the comparisons made. This included data from nine responder-
enriched randomized withdrawal maintenance phase studies
(23–31) and one responder-enriched re-randomized dose com-
parison study of tildrakizumab (32). Three studies comparing dif-
ferent doses or dosing regimens of comparators listed in the
eligibility criteria were excluded (33–35) as was a study compar-
ing a biosimilar etanercept to the originator product (36). One
study was excluded due to protocol-driven dose intensifications
(37) and another was excluded due to a very small sample size
(38). These exclusions were made to reduce heterogeneity in
the network which could give rise to biased estimates of relative

treatment effects. Therefore, a total of 28 studies were eligible
for quantitative synthesis. Figure 2 presents the network
diagram highlighting the available evidence for analysis 1 and
analysis 2.

Table 1 contains baseline characteristics of the included stud-
ies which were broadly similar. The mean age of the participants
ranged from 42 (43) to 51 (49) years, and 49% (50) to 91% (56,
60) were male. Previous conventional systemic therapy and
phototherapy was reported in 0% (49) to 95% (55) and 31% (23)
to 82% (60) patients, respectively. The proportion who had
received a previous biological therapy ranged from 0% (48,49)
to 60% (46).

Risk of bias

Most studies were rated as being low risk of bias, but there was
some heterogeneity between the included studies

Figure 1. PRISMA flow diagram of SLR and NMA.
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(Supplementary Figure 1). Of the 28 included RCTs, four (14%)
reported an inadequate randomization method while 25 (89%)
supplied sufficient information to assess whether allocation con-
cealment was properly ensured. In four studies, the blinding of
participants and personnel was insufficient as the long-term
extension was open label (45,46,51,54). In all studies, the risk of
attrition bias was low, as incomplete outcome data were suffi-
ciently addressed. The risk of reporting bias was low in most of
the studies. The risk of bias for each study is presented in
Supplementary Figure 2.

Primary analysis

Twelve studies included head-to-head data on maintenance
phase outcomes. Nine of these studies (17,39–42,44,56) con-
nected to form an evidence network comparing eight interven-
tions (brodalumab, secukinumab, ixekizumab, risankizumab,
guselkumab, ustekinumab, adalimumab, and etanercept) for
PASI 75, 90, and 100 at 48 to 52weeks. The other three studies
(47,50) did not share a common comparator with the nine stud-
ies and were therefore disconnected from the network and
could not be synthesized. The nine connected studies, including
5054 patients, were included in analysis 1.

Results indicate that treatment with risankizumab, brodalu-
mab, and guselkumab provide the highest levels of PASI 75, 90,
and 100 response (Figure 3). The probabilities of achieving com-
plete clearance ranged from 61.1% with risankizumab, 54.5% for
brodalumab, 54.2% for guselkumab, 46.1% for ixekizumab,
40.9% for secukinumab, 28.9% for ustekinumab, 26.4% for adali-
mumab, and 16.8% for etanercept. Risankizumab was found to
be significantly superior to all therapies except for brodalumab
and guselkumab at achieving all levels of PASI response.
Brodalumab and guselkumab were both found to be signifi-
cantly more efficacious than secukinumab, ustekinumab, adali-
mumab, and etanercept (Figure 4). Based on mean values,

treatment with brodalumab or guselkumab is expected to result
in slightly more PASI responders at all levels than treatment
with ixekizumab, though the differences are not statistically sig-
nificant. Ixekizumab and secukinumab were superior to usteki-
numab and adalimumab and all therapies were significantly
better than etanercept. The relative treatment effects for all
interventions are presented in Table 2. The NNT for PASI 100
compared to ustekinumab was four for risankizumab, five for
brodalumab and guselkumab, seven for ixekizumab, and nine
for secukinumab. The NNT for ustekinumab versus etanercept
was 9 and ustekinumab versus adalimumab was 17. The SUCRA
percentage indicated that risankizumab was the most efficacious
therapy in 97.3% of Bayesian iterations with a median rank of 1
(CrI 1� 3) and brodalumab was second with a SUCRA of 78.8%
and rank of 2 (CrI 1� 4). This was followed by guselkumab
(SUCRA 78.2%, median rank 3 [CrI 1� 4]), ixekizumab (57.1%, 4
[2� 5]), secukinumab (45.7%, 5 [4� 5]), ustekinumab (24.3%, 6
[6� 7]), adalimumab (18.4%, 7 [6� 7]), and etanercept (0.1%, 8
[8� 8]). The upper and lower bounds of the 95% credible inter-
val for etanercept are the same which indicates a low level of
uncertainty in its rank as the least effective therapy evaluated in
this analysis.

Secondary analysis

Unlike the studies eligible for the primary analysis, the remain-
ing 16 studies presented maintenance phase data for active
therapies but included long-term extensions where patients
switched from placebo to active treatment. To form a connected
network, and to augment analysis 1, the induction phase data
from the placebo arms were compared with the maintenance
phase data from the active therapy arms. This assumption
allowed for the inclusion of data for adalimumab, apremilast,
certolizumab pegol, guselkumab, and infliximab, as well as add-
itional data for etanercept, secukinumab and ustekinumab (45

Figure 2. Network diagram of PASI responses - analysis 1 and analysis 2.
ADA: adalimumab; APR: apremilast; BRO: brodalumab; CZP: certolizumab pegol; ETN: etanercept; GUS: guselkumab; INF: infliximab; IXE: ixekizumab; PBO: placebo;
SEC: secukinumab; RIS: risankizumab; UST WBD: ustekinumab weight-based dose.
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and 90mg). This analysis also allowed for studies that could not
be connected to the network in analysis 1 to be included via
their induction-phase placebo arm (43,50). Therefore, a total of
28 studies, including 9940 patients, were included in analysis 2.

Results of analysis 2 showed that all therapies were signifi-
cantly more effective than placebo (Table 3). Probabilities of
achieving all levels of PASI response were highest for risankizu-
mab and brodalumab, followed by guselkumab, ixekizumab,
and secukinumab (Figure 5). The lowest probabilities were gen-
erated by apremilast and etanercept. Similar to analysis 1, risk
ratios indicate treatment with risankizumab resulted in signifi-
cantly more PASI responders than any other intervention apart
from brodalumab and guselkumab. Brodalumab and guselku-
mab were found to be superior to apremilast, adalimumab, cer-
tolizumab pegol, etanercept, infliximab, secukinumab, and
ustekinumab, but similar in efficacy to ixekizumab (Table 3).
Overall, results of analysis 2 were consistent with analysis 1.

The SUCRAs for each therapy are also presented in Figure 6
along with their median rank and associated uncertainty. The

highest SUCRAs, indicating best rank, are reported for risankizu-
mab (98.2%) and guselkumab (89.6%), followed by brodalumab
(89.2%), ixekizumab (76.7%), and secukinumab (67.9%). In con-
trast, apremilast and etanercept were ranked the least effica-
cious and had the lowest SUCRA scores of all the
active therapies.

Sensitivity analysis: exclusion of studies with less than 5% prior
biologic exposure
Eight studies (45,48,49,51–53,55,60) reported less than 5% of
patients with prior biologic exposure (including all apremilast
trials) and were excluded in the sensitivity analysis. All of these
studies were included in analysis 2 only; therefore, this sensitiv-
ity analysis was only conducted for analysis 2. Overall, the rela-
tive ranks and statistical significance of treatment effects were
consistent with results of the base-case analysis 2
(Supplementary Table 4).

Figure 3. Results of predicted percentage PASI 75, 90, and 100 responses for evaluated interventions (Analysis 1).
Q2W: every 2weeks; Q4W: every 4weeks; WBD: weight-based dose.
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Figure 4. Analysis 1: Relative treatment effect for all interventions. Relative effects are plotted as the median difference in response on the probit scale, where
positive values indicate greater efficacy for the intervention and negative values indicate greater efficacy for the comparator.
ADA: adalimumab; BRO: brodalumab; ETN: etanercept; GUS: guselkumab; IXE: ixekizumab; SEC: secukinumab; RIS: risankizumab; UST: ustekinumab weight-
based dose.
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Discussion

This SLR and NMA compared licensed systemic therapies for
moderate-to-severe psoriasis. Tildrakizumab was included
among the comparators of interest, but because there was no
comparable maintenance data available at 1 year, it could not
be included in the NMA. The synthesis of evidence from nine
RCTs reporting PASI outcomes at week 48 to 52 in the primary
analysis, showed risankizumab, brodalumab, and guselkumab to
be associated with the highest likelihood of response, followed
by ixekizumab and secukinumab. Results indicated that risanki-
zumab was statistically superior to ixekizumab but not statistic-
ally different from brodalumab or guselkumab. Brodalumab and
guselkumab produced greater PASI responders than ixekizumab,
but this was not statistically significant. Analysis 1 showed all
therapies except etanercept and adalimumab were found to be
superior to ustekinumab, a result consistent with the findings of
the head to head RCTs included in the analysis. In the second-
ary analysis, studies from the first analysis were supplemented
with the inclusion of long-term extensions of placebo controlled
RCTs reporting maintenance phase outcomes for other licensed
therapies, including certolizumab pegol, infliximab and apremi-
last. Results were consistent across both analyses and suggested
the superiority of IL-17s and IL-23s over other systemic therapies
after 1 year of treatment.

The results of this NMA are consistent with our original syn-
thesis of long-term data (16), although further interventions are
included in the current analysis (ixekizumab, risankizumab,
guselkumab, and certolizumab pegol). Additionally, our results
are broadly in line with the results of previously published
NMAs (9–14) on induction phase data, which show proportions

of PASI responders are similar from induction to mainten-
ance phase.

The off-treatment durability of PASI response could be inves-
tigated with randomized withdrawal trials. However, such trials,
which may be considered responder-enriched, were excluded.
Compared to maintenance phase studies without responder
enrichment, this design may introduce bias in favor of the active
intervention. Additionally, these studies varied in their definition
of responders and consequently on the eligibility for re-random-
ization and were therefore not comparable.

Another source of long-term evidence are registry studies
which can provide evidence of therapies in the real world (61).
However, these observational studies are not always useful in
addressing questions of efficacy, as treatment choice is influ-
enced by factors such as patient characteristics, or healthcare
coverage (62). In addition, the data collection is not sufficiently
consistent to allow the combination of data in an NMA (61).
Such data may serve to supplement the efficacy assessment
presented here with real world evidence on drug survival and
tolerability.

Strengths and limitations

This study included a comprehensive and up to date SLR of
English language studies, which allows recently approved thera-
pies to be included. The study also presents the first long term
indirect comparison with IL-23s, apart from tildrakizumab for
which there is no comparable evidence.

The number of studies reporting on the maintenance phase
outcomes of interventions in psoriasis is limited, especially

Table 2. NMA of 52-week active therapy RCTs (Analysis 1): results for PASI response.

Intervention vs. Comparator

Median risk ratio (95% credible interval)

PASI 75 PASI 90 PASI 100

RIS BRO 1.03 (0.99, 1.12) 1.05 (0.98, 1.2) 1.11 (0.96, 1.38)
GUS 1.03 (0.98, 1.14) 1.06 (0.97, 1.24) 1.12 (0.94, 1.46)
IXE 1.08 (1.01, 1.28) 1.15 (1.02, 1.47) 1.31 (1.05, 1.91)
SEC 1.13 (1.04, 1.35) 1.23 (1.08, 1.59) 1.48 (1.18, 2.12)
UST 1.29 (1.1, 1.69) 1.52 (1.2, 2.15) 2.1 (1.5, 3.28)
ADA 1.33 (1.1, 1.95) 1.6 (1.2, 2.63) 2.28 (1.47, 4.44)
ETN 1.65 (1.22, 2.76) 2.18 (1.43, 4.14) 3.66 (2.03, 8.26)

BRO GUS 1 (0.94, 1.08) 1 (0.9, 1.14) 1.01 (0.82, 1.26)
IXE 1.05 (0.98, 1.21) 1.09 (0.97, 1.34) 1.17 (0.94, 1.63)
SEC 1.09 (1.02, 1.27) 1.16 (1.04, 1.44) 1.32 (1.09, 1.8)
UST 1.25 (1.09, 1.57) 1.43 (1.18, 1.92) 1.87 (1.42, 2.71)
ADA 1.29 (1.08, 1.83) 1.51 (1.17, 2.37) 2.04 (1.37, 3.76)
ETN 1.59 (1.2, 2.57) 2.05 (1.39, 3.72) 3.27 (1.9, 6.92)

GUS IXE 1.05 (0.97, 1.21) 1.08 (0.95, 1.35) 1.17 (0.9, 1.66)
SEC 1.09 (1.03, 1.23) 1.16 (1.06, 1.36) 1.32 (1.14, 1.64)
UST 1.24 (1.09, 1.58) 1.43 (1.17, 1.94) 1.85 (1.39, 2.78)
ADA 1.29 (1.09, 1.75) 1.51 (1.19, 2.22) 2.04 (1.44, 3.33)
ETN 1.59 (1.21, 2.51) 2.05 (1.4, 3.58) 3.26 (1.94, 6.49)

IXE SEC 1.04 (0.94, 1.18) 1.06 (0.91, 1.29) 1.12 (0.84, 1.53)
UST 1.18 (1.06, 1.44) 1.3 (1.11, 1.7) 1.57 (1.21, 2.27)
ADA 1.22 (1.05, 1.67) 1.37 (1.08, 2.09) 1.72 (1.16, 3.08)
ETN 1.51 (1.17, 2.34) 1.87 (1.32, 3.24) 2.75 (1.66, 5.62)

SEC UST 1.13 (1.05, 1.32) 1.22 (1.08, 1.49) 1.4 (1.16, 1.83)
ADA 1.18 (1.05, 1.5) 1.29 (1.09, 1.76) 1.53 (1.17, 2.33)
ETN 1.46 (1.17, 2.09) 1.76 (1.31, 2.71) 2.46 (1.66, 4.2)

UST ETN 1.04 (0.91, 1.26) 1.06 (0.86, 1.39) 1.09 (0.79, 1.64)
ADA 1.27 (1.08, 1.73) 1.43 (1.13, 2.09) 1.74 (1.23, 2.86)

ADA ETN 1.22 (1.04, 1.61) 1.34 (1.06, 1.92) 1.58 (1.09, 2.56)

ADA: adalimumab; BRO: brodalumab; ETN: etanercept; GUS: guselkumab; IXE: ixekizumab; PASI: psoriasis area and severity
index; SEC: secukinumab; RIS: risankizumab; UST: ustekinumab weight-based dose.
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Table 3. NMA of 52-week RCTs using induction phase placebo control (Analysis 2): results for PASI responses.

Intervention Comparator

Median risk ratio (95% credible interval)

PASI 75 PASI 90 PASI 100

RIS BRO 1.02 (0.98, 1.11) 1.05 (0.97, 1.19) 1.1 (0.94, 1.36)
GUS 1.02 (0.98, 1.12) 1.05 (0.96, 1.21) 1.1 (0.92, 1.4)
IXE 1.07 (1.01, 1.24) 1.14 (1.02, 1.41) 1.28 (1.05, 1.76)
SEC 1.11 (1.03, 1.31) 1.22 (1.07, 1.54) 1.44 (1.16, 2)
INF 1.23 (1.05, 1.75) 1.43 (1.1, 2.34) 1.88 (1.22, 3.72)
UST 1.28 (1.1, 1.68) 1.54 (1.22, 2.17) 2.11 (1.51, 3.26)
CZP 400 1.28 (1.06, 1.96) 1.53 (1.12, 2.75) 2.1 (1.27, 4.69)
ADA 1.32 (1.1, 1.89) 1.62 (1.21, 2.61) 2.28 (1.49, 4.27)
CZP 200 1.45 (1.11, 2.47) 1.86 (1.24, 3.77) 2.82 (1.53, 7.2)
ETN 1.59 (1.2, 2.54) 2.13 (1.42, 3.86) 3.47 (1.98, 7.29)
APR 3.48 (1.78, 9.41) 6.29 (2.64, 20.56) 15.75 (5.2, 64.42)
PBO 15.76 (5.08, 66.67) 42.09 (10.9, 213.49) 179.82 (36.9, 1104.12)

BRO GUS 1 (0.94, 1.07) 1 (0.89, 1.13) 1 (0.82, 1.24)
IXE 1.04 (0.99, 1.18) 1.08 (0.97, 1.3) 1.16 (0.95, 1.54)
SEC 1.08 (1.02, 1.25) 1.16 (1.04, 1.42) 1.3 (1.08, 1.74)
INF 1.19 (1.03, 1.66) 1.36 (1.06, 2.16) 1.7 (1.13, 3.25)
UST 1.25 (1.09, 1.58) 1.46 (1.19, 1.97) 1.91 (1.43, 2.78)
CZP 400 1.24 (1.04, 1.86) 1.45 (1.09, 2.54) 1.9 (1.18, 4.1)
ADA 1.29 (1.09, 1.79) 1.53 (1.18, 2.38) 2.06 (1.39, 3.7)
CZP 200 1.41 (1.1, 2.35) 1.76 (1.2, 3.47) 2.55 (1.42, 6.29)
ETN 1.54 (1.19, 2.4) 2.02 (1.39, 3.52) 3.13 (1.87, 6.27)
APR 3.39 (1.77, 8.91) 5.97 (2.58, 18.8) 14.23 (4.9, 55.35)
PBO 15.34 (5.03, 62.62) 39.95 (10.67, 193.72) 162.5 (34.9, 941.62)

GUS IXE 1.04 (0.99, 1.17) 1.08 (0.97, 1.29) 1.16 (0.95, 1.53)
SEC 1.09 (1.03, 1.22) 1.16 (1.06, 1.36) 1.3 (1.13, 1.61)
INF 1.19 (1.03, 1.64) 1.36 (1.07, 2.12) 1.7 (1.15, 3.16)
UST 1.25 (1.09, 1.58) 1.46 (1.19, 1.99) 1.9 (1.42, 2.83)
CZP 400 1.25 (1.04, 1.84) 1.45 (1.09, 2.49) 1.9 (1.19, 3.97)
ADA 1.29 (1.09, 1.74) 1.54 (1.2, 2.25) 2.07 (1.46, 3.34)
CZP 200 1.41 (1.1, 2.33) 1.76 (1.21, 3.41) 2.55 (1.44, 6.12)
ETN 1.55 (1.19, 2.36) 2.02 (1.4, 3.42) 3.14 (1.91, 5.95)
APR 3.39 (1.77, 8.78) 5.97 (2.59, 18.41) 14.23 (4.98, 53.46)
PBO 15.34 (5.05, 62.07) 39.97 (10.73, 189.43) 162.79 (35.45, 905.8)

IXE SEC 1.03 (0.97, 1.15) 1.06 (0.95, 1.24) 1.12 (0.91, 1.42)
INF 1.14 (0.99, 1.52) 1.25 (0.99, 1.87) 1.46 (0.98, 2.6)
UST 1.19 (1.07, 1.44) 1.33 (1.13, 1.73) 1.62 (1.27, 2.29)
CZP 400 1.19 (1.01, 1.7) 1.33 (1.02, 2.2) 1.62 (1.03, 3.27)
ADA 1.23 (1.06, 1.63) 1.4 (1.12, 2.06) 1.76 (1.25, 2.94)
CZP 200 1.34 (1.07, 2.14) 1.61 (1.13, 3.01) 2.18 (1.26, 5.01)
ETN 1.47 (1.17, 2.17) 1.85 (1.33, 3.02) 2.67 (1.71, 4.93)
APR 3.23 (1.74, 8.04) 5.47 (2.48, 16.02) 12.14 (4.51, 43.15)
PBO 14.63 (4.96, 56.27) 36.66 (10.33, 162.71) 138.93 (32.36, 720.46)

SEC INF 1.1 (0.97, 1.42) 1.17 (0.94, 1.68) 1.31 (0.9, 2.2)
UST 1.15 (1.05, 1.33) 1.25 (1.1, 1.53) 1.45 (1.2, 1.88)
CZP 400 1.14 (0.98, 1.59) 1.25 (0.96, 1.98) 1.45 (0.94, 2.78)
ADA 1.18 (1.05, 1.49) 1.32 (1.11, 1.79) 1.57 (1.21, 2.36)
CZP 200 1.29 (1.05, 2) 1.51 (1.09, 2.71) 1.95 (1.16, 4.26)
ETN 1.42 (1.15, 1.98) 1.74 (1.31, 2.61) 2.4 (1.65, 3.9)
APR 3.11 (1.71, 7.42) 5.13 (2.4, 14.21) 10.85 (4.21, 35.91)
PBO 14.11 (4.9, 51.81) 34.36 (10.03, 144.13) 124.07 (30.49, 593.47)

INF UST 1.04 (0.85, 1.25) 1.06 (0.78, 1.41) 1.1 (0.69, 1.71)
CZP 400 1.04 (0.82, 1.41) 1.07 (0.73, 1.67) 1.11 (0.61, 2.18)
ADA 1.07 (0.88, 1.37) 1.11 (0.82, 1.6) 1.19 (0.74, 2.04)
CZP 200 1.17 (0.91, 1.75) 1.28 (0.87, 2.24) 1.48 (0.8, 3.25)
ETN 1.27 (1.05, 1.76) 1.45 (1.08, 2.25) 1.79 (1.14, 3.25)
APR 2.79 (1.62, 6.26) 4.29 (2.15, 11.23) 8.12 (3.35, 25.98)
PBO 12.68 (4.7, 42.63) 28.84 (9.22, 110.12) 92.94 (25.58, 407.83)

UST CZP 400 1 (0.82, 1.32) 1 (0.74, 1.5) 1.01 (0.62, 1.83)
ADA 1.03 (0.91, 1.23) 1.05 (0.87, 1.36) 1.09 (0.8, 1.57)
CZP 200 1.13 (0.92, 1.64) 1.21 (0.87, 2.02) 1.34 (0.8, 2.75)
ETN 1.23 (1.07, 1.59) 1.38 (1.12, 1.92) 1.64 (1.2, 2.52)
APR 2.7 (1.59, 5.94) 4.06 (2.08, 10.3) 7.42 (3.17, 22.47)
PBO 12.25 (4.6, 40.65) 27.22 (8.85, 101.5) 84.74 (23.74, 359)

CZP 400 ADA 1.03 (0.79, 1.32) 1.05 (0.7, 1.52) 1.08 (0.59, 1.91)
CZP 200 1.12 (1, 1.39) 1.2 (1, 1.59) 1.33 (1, 1.95)
ETN 1.22 (0.97, 1.68) 1.36 (0.96, 2.11) 1.61 (0.94, 2.99)
APR 2.66 (1.58, 5.86) 3.99 (2.03, 10.25) 7.25 (3.01, 22.87)
PBO 12.09 (4.6, 39.59) 26.75 (8.82, 99.6) 82.71 (23.47, 357.4)

(continued)
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Table 3. Continued.

Intervention Comparator

Median risk ratio (95% credible interval)

PASI 75 PASI 90 PASI 100

ADA CZP 200 1.09 (0.86, 1.57) 1.15 (0.79, 1.89) 1.24 (0.69, 2.52)
ETN 1.19 (1.03, 1.51) 1.3 (1.05, 1.78) 1.5 (1.08, 2.29)
APR 2.6 (1.57, 5.54) 3.83 (2.01, 9.36) 6.78 (2.98, 19.74)
PBO 11.81 (4.55, 37.44) 25.72 (8.69, 90.91) 77.46 (22.82, 309.02)

CZP 200 ETN 1.08 (0.81, 1.45) 1.13 (0.74, 1.72) 1.21 (0.65, 2.22)
APR 2.34 (1.45, 4.89) 3.29 (1.75, 8) 5.38 (2.3, 16.13)
PBO 10.64 (4.33, 32.21) 21.97 (7.92, 75.13) 61.2 (19.11, 242.78)

ETN APR 2.17 (1.41, 4.16) 2.92 (1.68, 6.32) 4.49 (2.19, 11.38)
PBO 9.87 (4.19, 27.5) 19.6 (7.49, 59.56) 51.26 (17.54, 170.53)

APR PBO 4.43 (2.54, 8.99) 6.52 (3.43, 14.47) 11.09 (5.16, 27.72)

ADA, adalimumab; APR, apremilast; BRO, brodalumab; CZP, certolizumab pegol; ETN, etanercept; GUS, guselkumab; INF,
infliximab; IXE, ixekizumab; PASI, psoriasis area and severity index; PBO, placebo; SEC, secukinumab; RIS, risankizumab;
UST, ustekinumab weight-based dose.

Figure 5. Results of predicted percentage PASI 75, 90, and 100 responses for evaluated interventions (Analysis 2).
Q2W: every 2weeks; Q4W: every 4weeks; WBD: weight-based dose
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considering the volume of RCT evidence evaluating induction
phase efficacy and safety. In addition to their relative scarcity,
variations in their study design make quantitative comparisons
challenging. The primary analysis, which relies on largely 52-

week parallel RCTs, is the most robust comparison of biologic
therapies for moderate-to-severe psoriasis over the longer-term;
however, it is limited by the number of comparisons it
can make.

Figure 6. SUCRA and ranking with error bars indicating the 95% credible interval (Analysis 2).
ADA: adalimumab; BRO: brodalumab; ETN: etanercept; GUS: guselkumab; IXE: ixekizumab; SEC: secukinumab; RIS: risankizumab; UST: ustekinumab weight-
based dose
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The secondary analysis aims to extend the comparisons that
can be made, but it is limited by the uncertainty of an assumed
placebo response. Due to the treatment switching in these stud-
ies, the missing maintenance data were imputed using induc-
tion phase responses. A plateau in placebo response between
induction and 24weeks has been noted in four RCTs (53,63–65),
which lends some support to the assumption that placebo
responses do not improve with time. Carrying forward the pla-
cebo responses from induction fails to account for any losses of
efficacy between 10 and 16weeks and 1 year, thereby making
the assumption quite conservative.

This study did not investigate adverse events or health-
related quality of life at 1 year due the heterogenous reporting
between trials. To enable a full evaluation of therapies for mod-
erate-to-severe plaque psoriasis, future long-term studies should
investigate these outcomes and report these in a more uniform
way, enabling a formal comparison.

Additionally, a potential limitation of analyses 1 and 2 is that
it may not be directly relevant to clinical practice as patients nor-
mally would discontinue treatment at the end of induction if the
response is insufficient or receive higher doses than recom-
mended. Since this study only included clinical trials and not
real-world evidence, only licensed doses of interventions were
included. Several studies have been conducted which report that
dose adjustments are used routinely in clinical practice (66,67).

Conclusion

This NMA of maintenance phase RCT evidence indicates that
high levels of PASI can be achieved and maintained at around
1 year. Results demonstrated that the evaluated IL-17 and IL-23
inhibitors outperformed other biological therapies in terms of
the proportion achieving all levels of PASI response after
48–52weeks of treatment. Risankizumab had a higher probabil-
ity of achieving PASI outcomes than all other biologics, except
brodalumab and guselkumab, where no significant difference
could be concluded. Further long-term trials with head to head
evidence in which patients receive a licensed therapy for the
entire induction and maintenance periods are needed to valid-
ate these conclusions. Further real-world studies may also help
to validate the findings and provide evidence on the long-term
performance of these treatments in clinical practice.
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