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ABSTRACT

Introduction: Deucravacitinib, anewlyapproved
oralmedication for the treatment of patients with
moderate to severeplaquepsoriasis, demonstrated
efficacy versus apremilast and placebo in two
phase 3 randomized controlled trials (RCTs). A
systematic review and network meta-analysis
(NMA) indirectly compared deucravacitinib with
other relevant systemic biologic/nonbiologic
treatments.

Methods: Online databases were searched for
RCTs published through October 2021. Eligible
studies were head-to-head comparisons between
systemic therapies and/or placebo reporting 50%,
75%, 90%, or 100% improvement in Psoriasis Area
and Severity Index (PASI) from baseline in adults
with moderate to severe plaque psoriasis. Com-
parisons included tumornecrosis factor inhibitors,
interleukin (IL)-17, IL-23, and IL 12/23 inhibitors,
and systemic nonbiologics. A multinomial Baye-
sian NMAwas used to derive estimates of the rela-
tive efficacy of deucravacitinib and other systemic
therapies. Response probabilities for each treat-
ment and corresponding 95% credible intervals
(CrIs) forachievingaPASI responsewerecalculated
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over short-, mid-, and long-term follow-up
(weeks 10–16, 24–28, and 44–60).
Results: The NMA included 47 RCTs. Deucravac-
itinib showed the highest PASI 75 response rates
among nonbiologic systemic therapies across time
points. Deucravacitinib PASI 75 response rate
(95% CrI) over short-term follow-up was 54.1%
(46.5–61.6), within the range of first-generation
biologics (etanercept, 39.7% [31.6–48.3]; inflix-
imab, 79.0% [74.0–83.5]). At mid-term follow-up,
deucravacitinib PASI 75 increased to 63.3%
(58.0–68.4). At long-term follow-up, deucravaci-
tinib PASI 75 was 65.9% (58.0–73.4), comparable
to first-generation biologics adalimumab (62.8%;
55.3–69.6) and ustekinumab (68.0%; 64.6–71.5).
Conclusions: Patients receiving deucravacitinib
were more likely to achieve PASI 75 response ver-
sus apremilast and methotrexate across all time
points. The long-term PASI 75 response rate for
deucravacitinib was similar to those of adali-
mumab and ustekinumab. The approval of deu-
cravacitinib offers patients the choice of an oral
therapy with long-term efficacy similar to that of
some biologics.

Keywords: Biologics; Deucravacitinib; Indirect
treatment comparison; Network meta-analysis;
Non-biologics; Psoriasis

Key Summary Points

This network meta-analysis compared 47
phase 3 randomized controlled trials
(RCTs) of systemic treatments at short-
term (10–16 weeks), mid-term
(24–28 weeks), and long-term
(44–60 weeks) time points.

Deucravacitinib demonstrated superior
efficacy in achieving short-, mid-, and
long-term Psoriasis Area and Severity
Index (PASI 75) response versus
methotrexate and apremilast, and long-
term versus methotrexate.

Short- and long-term response rates for
deucravacitinib were within the range of
first-generation biologics; long-term
response was similar to that of
adalimumab and ustekinumab.

Deucravacitinib appears to offer long-term
efficacy similar to some biologics, with
convenient oral administration.

INTRODUCTION

A growing number of systemic therapies are
available for the treatment of moderate to
severe plaque psoriasis, offering different drug
classes, mechanisms of action, routes of
administration, and dosing schedules. The
biologics include first-generation tumor
necrosis factor inhibitors (TNFis; i.e., adali-
mumab, etanercept, and infliximab) and the
interleukin [IL]-12/23 inhibitor ustekinumab,
and recently approved second-generation
treatments, including the IL-17 inhibitors (i.e.,
bimekizumab, brodalumab, ixekizumab, and
secukinumab) and IL-23 inhibitors (i.e.,
guselkumab, risankizumab, and tildrak-
izumab). However, other than the introduc-
tion of apremilast, an oral phosphodiesterase 4
(PDE4) inhibitor, few advancements have been
made in nonbiologics, particularly regarding
targeted oral therapies. Deucravacitinib, an
oral, selective, first-in-class allosteric tyrosine
kinase 2 (TYK2) inhibitor, is approved in the
USA, European Union, and other countries for
the treatment of adults with moderate to
severe plaque psoriasis who are candidates for
systemic therapy.

Deucravacitinib demonstrated superior effi-
cacy compared with apremilast and placebo in
two recent phase 3 randomized controlled trials
(RCTs), POETYK PSO-1 and POETYK PSO-2
[1, 2]. However, head-to-head trials were not
feasible for all possible comparisons, and few
studies have directly compared treatments for
patients with moderate to severe plaque psori-
asis [3–11]. Systematic literature reviews (SLRs)
and network meta-analyses (NMAs) are used to
evaluate published literature and indirectly
compare relative effects of various therapies
[12].

The objective of the current analysis was to
compare deucravacitinib with other approved
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systemic treatments for moderate to severe
plaque psoriasis using updated evidence.

METHODS

Systematic Literature Review

This SLR of RCTs of treatments for plaque pso-
riasis was conducted according to a prespecified
protocol (available through the corresponding
author). It was conducted and reported in
accordance with the standards set forth in the
Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines
(Table S1 in the supplementary material) [13].

Compliance with Ethics Guidelines

This study was based on previously published
studies. All data were obtained from publicly
accessible databases (Medline, Embase,
Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and
PsycINFO). It contained no newly conducted
research involving human participants or ani-
mals performed by any of the authors and
complied with the Helsinki Declaration of 1964
and all amendments.

Information Sources and Search Strategies

Systematic searches of electronic databases for
English-language publications of RCTs involv-
ing systemic treatments for moderate to severe
plaque psoriasis were performed with a cutoff
date of October 2021. A combination of free-
text and controlled-vocabulary search terms was
used for plaque psoriasis, relevant comparator
treatments, and study design filters (Table S2).
Additionally, relevant conference proceedings
and clinical trial registries supplemented the
electronic searches.

Study Selection and Data Extraction

Eligible studies were RCTs (phase 2, 3, 4, or
follow-up studies) that included adults
(aged C 18 years) with moderate to severe

plaque psoriasis. When psoriasis severity was
unspecified, it was determined on the basis of
reported Physician Global Assessment (PGA),
PASI, body surface area (BSA), and Dermatology
Life Quality Index (DLQI) criteria (PGA C 3,
PASI C 10, BSA C 10, or DLQI C 10). Studies
presenting mixed disease severity (i.e., mild,
moderate, severe) were considered for inclusion
if at least 80% of the population had moderate
to severe plaque psoriasis; studies not reporting
psoriasis severity were excluded. Studies were
included if they reported 50%, 75%, 90%, or
100% improvement in PASI (PASI 50, 75, 90,
100) from baseline in head-to-head compar-
isons between any systemic therapies and/or
placebo. Comparators of interest included
approved treatments for plaque psoriasis with
eligible dosages consistent with labels approved
by the US Food and Drug Administration or
European Medicines Agency: TNFis (i.e., adali-
mumab, etanercept, or infliximab), IL-17 inhi-
bitors (i.e., brodalumab, ixekizumab,
secukinumab, or bimekizumab), IL-23 inhibi-
tors (i.e., risankizumab, tildrakizumab, or
guselkumab), an IL-12/23 inhibitor (i.e., ustek-
inumab), and systemic nonbiologics (i.e.,
deucravacitinib, apremilast, methotrexate, aci-
tretin, or cyclosporine). The inclusion and
exclusion criteria are described in Table S3.

Two reviewers screened the titles and
abstracts of studies retrieved by the search
strategies according to the predefined eligibility
criteria. Full-text articles deemed potentially
relevant at title and abstract screening were
retrieved and assessed for eligibility indepen-
dently by two reviewers. At all stages of the
study selection process, multiple reviewers
worked independently as part of the review
team; disagreements were resolved by a third,
senior researcher (AC, AK, or DJ).

Data elements extracted from the included
studies comprised study and patient character-
istics (e.g., trial phase, imputation method,
sample size, age, sex), treatment regimen, and
PASI outcomes assessed at weeks 10–16 (short-
term), 24–28 (mid-term), and 44–60 (long-term)
time points, where reported. Data on subgroups
of interest (i.e., previous use of biologic therapy)
were also extracted, if available. The data were
extracted by one reviewer into a customized
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data extraction form, and independently vali-
dated by a second, senior investigator (AC, AK,
or DJ). Unique studies reported in multiple
publications were linked to a primary publica-
tion and had data extracted as one study.

Feasibility Assessment

A feasibility assessment was performed to
ensure the two main NMA assumptions (con-
sistency and similarity) were met across the
included RCTs. Specifically, the characteristics
of the trials identified in the SLR and connected
in the network (i.e., study design, patient
characteristics, populations, interventions and
comparators, and outcomes) were assessed to
determine whether they were similar enough to
be quantitatively synthesized and whether
there was any imbalance in potential effect
modifiers.

For efficacy analyses beyond the primary trial
endpoint (usually, 10–16 weeks for most com-
parators), additional considerations were
required as a result of variation in study designs
over the maintenance periods. Therefore, the
NMAs of mid-term and long-term PASI out-
comes considered only active-controlled trials
with treat-through designs in which all patients
assigned to active treatment received that
treatment through the end of the evaluation
period, regardless of response at an earlier time
point. The analyses also assumed that placebo
response rates at the end of induction could be

carried forward through the end of the evalua-
tion period; this assumption allowed for indi-
rect comparisons via placebo and adjusted for
baseline risk in the PASI NMAs [14].

Finally, it was assumed that any minor dif-
ferences in trial design based on phase, blind-
ing, and randomization methods, etc., would
not impact the relative treatment effects. No
trials were excluded from the analyses as a result
of poor study quality.

NMA Methodology

A multinomial (probit) Bayesian NMA of PASI
50, 75, 90, or 100 was conducted to estimate the
relative effects of deucravacitinib with other
systemic treatments at short-, mid-, and long-
term time points. The main analysis included
phase 3 RCTs that applied a nonresponder
imputation (NRI) method and were either
multinational or conducted in a country with
diverse ethnicity so that trials had comparable
designs, population diversity, and analytic
methods. Because exposure to prior treatment
could affect response to subsequent therapy, a
subgroup analysis of biologic-naive patients was
also conducted using a binomial (logit) Baye-
sian NMA of PASI 75 at the short-term time
point. A subgroup analysis for patients previ-
ously treated with biologics was planned but
not conducted because of a lack of data.

The analyses were conducted using a modi-
fied multinomial model that considers vari-
ability around the chance that each treatment
achieves the next-highest PASI threshold by
adding a random-effects component that allows
treatments to have different efficacies for dif-
ferent levels of PASI (known as the REZ multi-
nomial model) [15]. Adjustment for baseline
risk (i.e., placebo response) accounted for the
impact of the variation of absolute placebo
responses in the estimates of relative effects
across treatments [15–20]. Goodness-of-fit of
the different analytic models was compared
using the posterior mean residual deviance and
deviance information criteria. Results from
placebo-adjusted REZ multinomial models
underpinned the interpretation of the main
analyses as supported by clinical

bFig. 1 Network plot of studies included in the short-term
(10–16 weeks) analysis (a), and short-term estimated
PASI 75 response,a posterior median, and 95% CrI (b).
aAdjusted for placebo response rates. bBIM is not approved
for use in the USA. Note: Posterior median value given for
each therapy; error bars represent 95% CrI. ADM adali-
mumab, APR apremilast, BIM bimekizumab, BIW twice
weekly, BRO brodalumab, CrI credible interval, DEUC
deucravacitinib, ETC etanercept, GUS guselkumab, IFX
infliximab, IL interleukin, IXE ixekizumab, MTX
methotrexate, NMA network meta-analysis, PASI Psoriasis
Area and Severity Index, PBO placebo, QW once every
week, Q2W once every 2 weeks, RIS risankizumab, SEC
secukinumab, TIL tildrakizumab, TNF tumor necrosis
factor, UST ustekinumab
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recommendations [18, 21]. The Bayesian NMAs
of multinomial models were conducted in JAGS
(version 4.3.0), and binomial NMAs were con-
ducted in OpenBUGS (version 3.2.3) with non-
informative priors.

All Bayesian analyses were carried out with
Markov chain Monte Carlo simulations. Odds
ratios (ORs) and the median and 2.5th and
97.5th percentiles of the posterior samples for
each effect parameter were used as an estimate
of the relative effect and its 95% credible
interval (CrI). An estimated probability and
corresponding 95% CrI for achieving a PASI
response (i.e., PASI 50, 75, 90, or 100) for each
treatment were calculated relative to the anchor
placebo response rate of PASI 50. To ensure
consistency, sensitivity analyses were con-
ducted including all RCTs identified by the SLR
and considered eligible for inclusion in the
NMA (i.e., without restrictions to trial phase,
imputation method, geography, or ethnicity).

For each treatment, the number needed to
treat (NNT) to achieve one additional PASI 75
response relative to supportive care was calcu-
lated as the reciprocal of the difference in esti-
mated PASI 75 response rates between the
biologic treatment and placebo [17].

Risk of Bias

The quality of the included evidence was
assessed using the Cochrane Risk of Bias (RoB)

2.0 tool [22]. The risk of bias in each of five
domains was classified into three categories
(low, some concerns, high), and an overall score
was assigned following the algorithm guidance
of the RoB 2.0 tool [23].

RESULTS

From 7487 records identified through the sear-
ches, 96 unique studies were included in the
review, and 47 studies were included in the
main analysis (Fig. S1; Table S4) [1–7, 9, 11,
24–104]. Studies of acitretin or cyclosporine
were not included in the main analysis because
these studies did not meet the inclusion criteria.
All studies included in the main analysis
reported PASI outcomes at short-term follow-
up, 28 reported PASI outcomes at mid-term
follow-up, and 20 reported PASI outcomes at
long-term follow-up.

Across studies, the average age of patients
ranged from 39 to 53 years, and the majority of
patients were male. Mean baseline PASI scores
ranged from 11 to 29, and exposure to previous
biologic therapy varied from 0 to 51%. Trial
populations were generally similar with respect
to disease severity at baseline. In total, 23 active
treatments (nonbiologic systemic therapies
and/or biologic therapies) were included in the
analyses, although not all treatments could be
included for all follow-up periods as a result of
lack of data or differences in study design. The
majority of trials were placebo-controlled in
design (n = 28) as opposed to only having an
active control arm (n = 19).

Main Analysis

The network diagrams for all comparators of
interest are shown in Figs. 1a, 2a, and 3a. Across
all follow-up periods, all treatments were more
effective than placebo in achieving all levels of
PASI response, and the newer IL-17 and IL-23
inhibitors showed the highest PASI 50, 75, 90,
and 100 response rates of all treatments included
in the analysis.

At the short-term follow-up, the estimated
PASI 75 response rate (95% CrI) for deucravaci-
tinib (54.1% [46.5–61.6]) was higher than that

bFig. 2 Network plot of studies included in the mid-term
(24–28 weeks) analysis (a), and mid-term estimated
PASI 75 response,a posterior median, and 95% CrI (b).
aAdjusted for placebo response rates. bBIM currently is not
approved for use in the USA. Note: Posterior median value
given for each therapy; error bars represent 95% CrI. ACT
acitretin, ADM adalimumab, APR apremilast, BIM bimek-
izumab, BIW twice weekly, BRO brodalumab, CrI credible
interval, DEUC deucravacitinib, ETC etanercept, GUS
guselkumab, IFX infliximab, IL interleukin, IXE ixek-
izumab, MTX methotrexate, NMA network meta-analysis,
PASI Psoriasis Area and Severity Index, PBO placebo, QW
once every week, Q2W once every 2 weeks, Q4W once
every 4 weeks, Q8W once every 8 weeks, RIS risankizumab,
SEC secukinumab, TIL tildrakizumab, TNF tumor
necrosis factor, UST ustekinumab
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for etanercept 50 mg (49.8% [45.9–53.8]),
methotrexate (40.1% [33.0–47.5]), etanercept
25 mg (39.7% [31.6–48.3]), and apremilast
(33.5% [28.6–38.7]) (Fig. 1b). The PASI 75
response of deucravacitinib was in the range of
response rates estimated for first-generation
biologics (39.7–79.0%). The IL inhibitors
secukinumab 300 mg, guselkumab, ixekizumab,
brodalumab, risankizumab, and bimekizumab
were the most effective treatments, with an
estimated PASI 75 response rate of 85% or
higher. These trends were similar for PASI 50,
90, and 100 (Table S5).

The PASI 75 response rate (95% CrI) in
patients taking deucravacitinib increased in the
mid-term analysis to 63.3% (58.0–68.4; Fig. 2b).
This response rate (95% CrI) was greater than
that for patients taking the nonbiologic treat-
ments apremilast (34.8% [30.1–39.8]) or
methotrexate (50.1% [39.0–61.5]), as well as for
both doses of the TNFi etanercept (25 mg,
43.7% [35.0–53.0]; 50 mg, 54.4% [49.5–59.0]).
These trends were similar for PASI 50, 90, and
100 (Table S6).

In the long-term treatment follow-up, the
PASI 75 response rate (95% CrI) in patients tak-
ing deucravacitinib was 65.9% (58.0–73.4). This
response rate continued to be higher than that
in patients receiving the nonbiologic agents,
methotrexate (45.0% [33.8–57.3]) and apremi-
last (48.4% [35.7–61.6]), and the TNFis, etaner-
cept 50 mg (54.0% [46.1–61.1]) and infliximab

(56.7% [47.7–63.9]; Fig. 3b). The PASI 75
response rate (95% CrI) for deucravacitinib was
comparable to that of some biologics: the IL-17
inhibitor secukinumab (62.8%; [CrI,
55.3–69.6]), the TNFi adalimumab (62.1%
[56.3–67.4]), and the IL-12/23 inhibitor ustek-
inumab (68.0% [64.6–71.5]). These trends were
similar for PASI 50, 90, and 100 (Table S7).

At both the short- and mid-term time points,
patients receiving deucravacitinib were more
likely to achieve a PASI 75 response rate (OR[1
and P\ 0.05) than those receiving placebo,
apremilast, methotrexate, or etanercept 25 mg,
as well as etanercept 50 mg at the mid-term
time point (Fig. 4a, b). At the long-term time
point, deucravacitinib was more likely to result
in a PASI 75 response than placebo,
methotrexate, apremilast, etanercept 50 mg,
infliximab, adalimumab, or secukinumab
150 mg (Fig. 4c). These trends generally held for
PASI 50, 90, and 100 response rates as short-,
mid-, and long-term time points (Figs. S2–S4).

Results of the sensitivity analysis were simi-
lar to the findings of the main analysis, thus
reinforcing the robustness of the NMA results
(Figs. S5–S7).

In the short-term subgroup analysis of bio-
logic-naive patients receiving treatment with
deucravacitinib, PASI 75 response rates (95%
confidence interval [CI]) for patients receiving
treatment with deucravacitinib were higher
(54% [42.0–64.0]) than those taking apremilast
(38% [28.0–48.0]), methotrexate (30%
[19.0–45.0]), etanercept 25 mg (42%
[31.0–54.0]), and etanercept 50 mg (54%
[39.0–68.0]; Fig. S8).

Compared with placebo, the NNT to achieve
PASI 75 at weeks 44 to 60 was 1.68 for deu-
cravacitinib, 1.78 for adalimumab, 1.80 for
secukinumab 150 mg, 1.99 for infliximab, 2.11
for etanercept, and 2.38 for apremilast
(Tables S8–S10).

Risk of Bias

Of the 47 studies included in the global analy-
sis, 22 (47%) were rated as having an overall low
risk of bias, 19 (40%) as having some concerns,
and 6 (13%) at high risk for bias (Table S11). The

bFig. 3 Network plot of studies included in the long-term
(44–60 weeks) analysis (a), and long-term estimated
PASI 75 response,a posterior median, and 95% CrI (b).
aAdjusted for placebo response rates.bBIM is not approved
for use in the USA. Note: posterior median value given for
each therapy; error bars represent 95% CrI. ADM adali-
mumab, APR apremilast, BIM bimekizumab, BIW twice
weekly, BRO brodalumab, CrI credible interval, DEUC
deucravacitinib, ETC etanercept, GUS guselkumab, IFX
infliximab, IL interleukin, IXE ixekizumab, MTX
methotrexate, NMA network meta-analysis, PASI Psoriasis
Area and Severity Index, PBO placebo, Q2W every
2 weeks, Q4W once every 4 weeks, Q8W once every
8 weeks, RIS risankizumab, SEC secukinumab, TIL
tildrakizumab, TNF tumor necrosis factor, UST
ustekinumab
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main drivers of risk for bias were missing out-
come data (4 studies [9%] at high risk of bias)
and deviations from the intended interventions
(3 studies [6%] at high risk of bias).

DISCUSSION

This NMA indirectly compared plaque psoriasis
treatments by examining relative efficacy
response probability rates obtained from pub-
lished clinical studies. For a comprehensive
analysis, results from short-, mid-, and long-
term follow-up were assessed. Overall, deu-
cravacitinib demonstrated higher efficacy than
the nonbiologics methotrexate and apremilast
at all time points. Additionally, the PASI 75
response rate for deucravacitinib was in the
range of first-generation biologics at the short-
term time point and was higher at the mid-term
time point. With continued treatment, the
efficacy of deucravacitinib was comparable to
that of the most effective first-generation bio-
logics, adalimumab and ustekinumab, at
approximately 1 year. The NNT to achieve
PASI 75 for deucravacitinib was comparable to
that of other biologic and nonbiologic therapies
at all time points.

Direct comparisons of clinical efficacy
among plaque psoriasis treatments are limited.
This NMA builds on previous indirect compar-
isons [14, 17, 105, 106] by including all
approved nonbiologics and first-generation
agents through the newest classes of IL-17 and
IL-23 inhibitors and the most recently approved

TYK2 inhibitor, deucravacitinib. The findings of
the current NMA, with the addition of com-
parisons to deucravacitinib, are generally con-
sistent with the literature, confirming that the
newest generation of therapies had the highest
efficacy [14, 17]. Notably, the response rates in
active-controlled trials (i.e., those with no pla-
cebo arm) [4, 11, 24–28] tend to be higher than
those reported in placebo-controlled trials for
the same treatments. Although both deu-
cravacitinib trials were placebo controlled, our
analysis included both placebo-controlled and
active-controlled trials to be conservative and
comprehensive.

The statistical methods used in this NMA
strengthened our analysis, as did the study
selection criteria, which ensured comparability
of study design, population diversity, and
imputation methods among studies. Addition-
ally, the inclusion of analyses for short-, mid-,
and long-term follow-up provided a more
complete comparison of time to peak efficacy
and maintenance of response. NMAs are useful
for evaluating numerous clinical studies using
different methodologies to compare treatments,
although quality criteria, such as a standard
treatment duration, study phase, or study
methods, may vary [12, 106]. One strength of
the current NMA was the attention paid to
quality criteria in study selection and in com-
parisons between study methodologies and
results reporting.

Although the most recently approved bio-
logics provide high efficacy rates, a proportion
of patients, especially those who are biologic
naive or who have needle aversion, may prefer a
safe and effective oral treatment option. Route
of administration may be a key driver for
treatment choice, with patients willing to trade
some degree of efficacy for the convenience of
oral therapy [107]. Despite unsatisfactory effi-
cacy, earlier nonbiologic therapies are widely
used for moderate to severe psoriasis [108].
Results of this analysis indicate that, as an oral
treatment with long-term efficacy comparable
to that of biologics, deucravacitinib offers a
valuable new therapeutic option for patients
with moderate to severe plaque psoriasis.

This analysis should be interpreted in light of
several limitations. All SLRs are limited by

bFig. 4 Estimated odds ratios from the network meta-
analysis for (a) short-term (10–16 weeks) PASI 75,
(b) mid-term (24–28 weeks) PASI 75, and (c) long-term
(44–60 weeks) PASI 75. ADM adalimumab, APR apremi-
last, BIM bimekizumab, BIW twice weekly, BRO bro-
dalumab, CrI credible interval, DEUC deucravacitinib,
ETC etanercept, GUS guselkumab, IFX infliximab, IL
interleukin, IXE ixekizumab, MTX methotrexate, NMA
network meta-analysis, PASI Psoriasis Area and Severity
Index, PBO placebo, Q2W every 2 weeks, Q4W once every
4 weeks, Q8W once every 8 weeks, RIS risankizumab, SEC
secukinumab, TIL tildrakizumab, TNF tumor necrosis
factor, UST ustekinumab
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search strategies used, and they all rely on the
accuracy of the databases searched and clear
descriptions of the trials and populations in
titles and abstracts. To mitigate this inherent
limitation, reference lists of previously pub-
lished SLRs on the same population were
reviewed to identify any potential references
that may have been missed in the database
searches. In the mid- and long-term NMAs, the
anchor rate for the baseline risk-adjusted anal-
ysis was based on a treat-through analysis
approach using the short-term placebo data
across all time points. This approach ensured
the use of similar placebo data across all trials
and enabled a connected network that included
most active treatments of interest; however, the
treat-through scenario was limited only to
patients who remained on their initial assigned
treatment through 1 year. This may not align
with true clinical practice as patients may cycle
on or off different regimens over time. In addi-
tion, a safety comparison was not conducted for
the benefit–risk assessment. Comparing rates of
overall adverse events (AEs) would not be
meaningful as individual AEs are not of equal
importance (e.g., acne vs malignancy), and the
NMA was not powered to analyze specific AEs of
interest. It should be noted that deucravacitinib
was well tolerated with a low rate of discontin-
uations related to AEs in the pivotal trials [1, 2]
and it showed a consistent safety profile in a
long-term extension trial [109]. Future long-
term studies with large sample sizes are needed
to further assess the long-term comparative
safety of systemic treatments for plaque
psoriasis.

Although the maintenance of response was
not compared in this study, it is an important
endpoint to consider for treatment choice. In
POETYK PSO-1, 82% of patients who achieved
PASI 75 and 74% who achieved PASI 90 at
week 24 maintained that response at week 52
[110]. This maintenance of response appears to
be greater than that reported for TNFis
[111–113], and in the range of that reported for
IL-17 [114–117] and IL-23 inhibitors [118–120].
Since plaque psoriasis is a chronic condition,
future analyses are needed to provide longer-
term data.

CONCLUSIONS

Among oral nonbiologic treatments, deu-
cravacitinib provided the best efficacy across
all time points. The PASI 75 response rates for
deucravacitinib were within the range of those
of first-generation biologics at short- and mid-
term time points, and the long-term PASI 75
response rate was similar to that of adali-
mumab and ustekinumab. Deucravacitinib
appears to offer long-term efficacy similar to
that of some biologics with the convenience
of an oral therapy. Longer-term data are nee-
ded since plaque psoriasis is a chronic
condition.

Medical Writing and Editorial Assis-
tance Medical writing and editorial assistance
were provided by Cheryl Jones of Peloton
Advantage, LLC, an OPEN Health company,
and funded by Bristol Myers Squibb.

Author Contributions. Yichen Zhong, Joe
Zhuo, Allie Cichewicz, Ananth Kadambi,
Daniela Junqueira, Renata Kisa, and Matthias
Augustin contributed to the literature search
and methodology design. Allie Cichewicz,
Daniela Junqueira, and Tracy Westley partici-
pated in the collection and assembly of data.
Allie Cichewicz, Daniela Junqueira, Tracy
Westley, and Ananth Kadambi participated in
data analysis. April Armstrong, Richard Warren,
Yichen Zhong, Joe Zhuo, Allie Cichewicz,
Ananth Kadambi, Daniela Junqueira, Tracy
Westley, Renata Kisa, Carolin Daamen and
Matthias Augustin contributed to data inter-
pretation. All authors collaborated in the
preparation of the manuscript, supported by a
professional medical writer funded by Bristol
Myers Squibb, and critically reviewed and pro-
vided revisions to the manuscript. All authors
had access to the literature search results and
articles. All authors granted final approval of the
manuscript for submission.

Funding. This work was sponsored by
Bristol Myers Squibb. This study sponsor also
funded the journal’s Rapid Service Fee.

2850 Dermatol Ther (Heidelb) (2023) 13:2839–2857



Data Availability. All data generated or
analyzed during this study are included in this
published article and supplementary informa-
tion files. The data were obtained through
searches of publicly accessible electronic data-
bases (Medline, Embase, Cochrane Central
Register of Controlled Trials, Cochrane Data-
base of Systematic Reviews, and PsycINFO).
Inclusion criteria and search strings are speci-
fied in the Methods section, and Supplementary
Materials would allow other researchers to
identify the same studies used in this analysis.

Declarations

Conflict of Interest. April W. Armstrong
has received grants and personal fees from
AbbVie, Bristol Myers Squibb, Eli Lilly, Janssen,
Leo Pharma, and Novartis; personal fees from
Boehringer Ingelheim/Parexel, Celgene, Der-
mavant, Genentech, GlaxoSmithKline, Menlo
Therapeutics, Merck, Modernizing Medicine,
Ortho Dermatologics, Pfizer, Regeneron, Sanofi
Genzyme, Science 37, Sun Pharma, and Valeant,
and grants from Dermira, Kyowa Hakko Kirin,
and UCB. Richard Warren has received research
grants from AbbVie, Almirall, Amgen, Celgene,
Eli Lilly, Janssen, Leo Pharma, Novartis, Pfizer,
and UCB; and consulting fees from AbbVie,
Almirall, Amgen, Biogen, Boehringer Ingel-
heim, Celgene, DiCE, Eli Lilly, Janssen, Leo
Pharma, Novartis, Pfizer, Sanofi, UCB, and
Union. Yichen Zhong, Joe Zhuo, Renata Kisa,
and Carolin Daamen are employees of and
shareholders in Bristol Myers Squibb. Allie
Cichewicz, Ananth Kadambi, Daniela Jun-
queira, and Tracy Westley are employed by
Evidera, a part of Thermo Fisher Scientific, a
company that provides consulting and other
research services to Bristol Myers Squibb. Mat-
thias Augustin has served on advisory boards for
AbbVie, Amgen, Boehringer Ingelheim, Janssen
Biotech, and Leo Pharma; has received con-
sulting fees from AbbVie, Amgen, Eli Lilly,
Janssen Biotech, Leo Pharma, Novartis, Sun
Pharma, and UCB; has received honoraria from
AbbVie, Amgen, Boehringer Ingelheim, Eli Lilly,
Janssen Biotech, Leo Pharma, Novartis, Sun
Pharma, and UCB; has served as an investigator
for AbbVie, Amgen, Boehringer Ingelheim,

Celgene, Eli Lilly, Janssen Biotech, Leo Pharma,
Merck, Novartis, Sun Pharma, and UCB; has
received research grants from AbbVie, Amgen,
Boehringer Ingelheim, Celgene, Janssen Bio-
tech, Leo Pharma, Merck, and Sun Pharma; and
has served as a speaker for AbbVie, Amgen,
Janssen Biotech, Leo Pharma, Sun Pharma, and
UCB.

Ethical Approval. This study was based on
previously published studies. All data were
obtained from publicly accessible databases
(Medline, Embase, Cochrane Central Register of
Controlled Trials, Cochrane Database of Sys-
tematic Reviews, and PsycINFO). It contained
no newly conducted research involving human
participants or animals performed by any of the
authors. This study was conducted in compli-
ance with the Helsinki Declaration of 1964 and
all amendments.

Open Access. This article is licensed under
a Creative Commons Attribution-NonCom-
mercial 4.0 International License, which per-
mits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Armstrong AW, Gooderham M, Warren RB, et al.
Deucravacitinib versus placebo and apremilast in
moderate to severe plaque psoriasis: efficacy and
safety results from the 52-week, randomized, dou-
ble-blinded, placebo-controlled phase 3 POETYK
PSO-1 trial. J Am Acad Dermatol. 2023;88(1):29–39.

Dermatol Ther (Heidelb) (2023) 13:2839–2857 2851

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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30. Sigurgeirsson B, Schäkel K, Hong CH, et al. Efficacy,
tolerability, patient usability, and satisfaction with
a 2 mL pre-filled syringe containing secukinumab
300 mg in patients with moderate to severe plaque
psoriasis: results from the phase 3 randomized,
double-blind, placebo-controlled ALLURE study.
J Dermatol Treat. 2022;33(3):1718–26.

31. AlMutairi N, Eassa B. Comparing the efficacy and
safety of IL-17 inhibitors for treatment of moderate-
to-severe psoriasis: a randomized double blind pilot
study with a review of literature. Postepy Dermatol
Alergol. 2021;38(2):281–8.

32. Papp KA, Reich K, Paul C, et al. A prospective phase
III, randomized, double-blind, placebo-controlled
study of brodalumab in patients with moderate-to-
severe plaque psoriasis. Br J Dermatol. 2016;175(2):
273–86.

33. Asahina A, Nakagawa H, Etoh T, Ohtsuki M. Adali-
mumab in Japanese patients with moderate to
severe chronic plaque psoriasis: efficacy and safety

results from a phase II/III randomized controlled
study. J Dermatol. 2010;37(4):299–310.

34. Papp KA, Merola JF, Gottlieb AB, et al. Dual neu-
tralization of both interleukin 17A and interleukin
17F with bimekizumab in patients with psoriasis:
results from BE ABLE 1, a 12-week randomized,
double-blinded, placebo-controlled phase 2b trial.
J Am Acad Dermatol. 2018;79(2):277–86.e10.

35. Gordon KB, Foley P, Krueger JG, et al. Bimekizumab
efficacy and safety in moderate to severe plaque
psoriasis (BE READY): a multicentre, double-blind,
placebo-controlled, randomised withdrawal phase 3
trial. Lancet. 2021;397(10273):475–86.

36. Reich K, Papp KA, Blauvelt A, et al. Bimekizumab
versus ustekinumab for the treatment of moderate
to severe plaque psoriasis (BE VIVID): efficacy and
safety from a 52-week, multicentre, double-blind,
active comparator and placebo controlled phase 3
trial. Lancet. 2021;397(10273):487–98.

37. Blauvelt A, Gordon KB, Lee P, et al. Efficacy, safety,
usability, and acceptability of risankizumab 150 mg
formulation administered by prefilled syringe or by
an autoinjector for moderate to severe plaque pso-
riasis. J Dermatol Treat. 2022;33(4):2085–93.

38. Mrowietz U, Szepietowski JC, Loewe R, et al. Efficacy
and safety of LAS41008 (dimethyl fumarate) in
adults with moderate-to-severe chronic plaque
psoriasis: a randomized, double-blind, Fuma-
derm(�) - and placebo-controlled trial (BRIDGE). Br
J Dermatol. 2017;176(3):615–23.

39. Cai L, Gu J, Zheng J, et al. Efficacy and safety of
adalimumab in Chinese patients with moderate-to-
severe plaque psoriasis: results from a phase 3, ran-
domized, placebo-controlled, double-blind study.
J Eur Acad Dermatol Venereol. 2017;31(1):89–95.

40. Krueger JG, Wharton KA Jr, Schlitt T, et al. IL-17A
inhibition by secukinumab induces early clinical,
histopathologic, and molecular resolution of psori-
asis. J Allergy Clin Immunol. 2019;144(3):750–63.

41. Cai L, Zhang JZ, Yao X, et al. Secukinumab
demonstrates high efficacy and a favorable safety
profile over 52 weeks in Chinese patients with
moderate to severe plaque psoriasis. Chin Med J
(Engl). 2020;133(22):2665–73.

42. Caproni M, Antiga E, Melani L, Volpi W, Del Bianco
E, Fabbri P. Serum levels of IL-17 and IL-22 are
reduced by etanercept, but not by acitretin, in
patients with psoriasis: a randomized-controlled
trial. J Clin Immunol. 2009;29(2):210–4.

43. von Stebut E, Reich K, Thaçi D, et al. Impact of
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