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Introduction
Psoriasis is a chronic, immune-mediated disorder with 
cutaneous and systemic manifestations and substantial 
negative effects on a patient’s quality of life.1 Plaque psoriasis 
(PSO), also known as psoriasis vulgaris, is the most common 

form of psoriasis.2 PSO is characterised by sharply demarcated 
plaque, and erythematous or scaly patches that usually occur 
on the surface of the extensor muscles but can also affect 
the intertriginous areas, palms, soles of the feet, and nails.3 
It has been reported that an increased incidence of psoriatic 
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Abstract
Background: Janus kinase (JAK)/tyrosine kinase 2 (TYK2) inhibitors are novel treatments for moderate-to-severe plaque 
psoriasis.
Objective: To perform a network meta-analysis to compare the efficacy and safety of TYK2 inhibitors with other oral drugs 
in moderate-to-severe psoriasis.
Methods: Eligible randomised clinical trials (RCTs) were identified from public databases (published before November 
2, 2023). Random-effect frequentist network meta-analysis was performed with ranking based on the surface under the 
cumulative ranking curve (SUCRA) of Physician’s Global Assessment of “clear” or “almost clear” (PGA 0/1), 75% reduction 
from baseline in Psoriasis Area and Severity Index (PASI-75).
Results: Twenty RCTs containing 7,564 patients with moderate-to-severe psoriasis were included. Deucravacitinib at all 
dose levels (except for 3 mg every other day) and tofacitinib (10 mg BID) ranked best in achieving PGA 0/1 and PASI-75 at 
12– 16 weeks. Tofacitinib (10 mg BID) was considered the most unsafe. Analysis of Ranking according to efficacy and safety 
showed deucravacitinib (3 mg QD and 3 mg BID) was the best treatment.
Analysis of Ranking according to efficacy and safety showed deucravacitinib (3 mg QD and 3 mg BID) was the best treatment.
Limitations: Insufficiency of eligible data and no long-term follow-up data.
Conclusion: Deucravacitinib showed superior efficacy and safety for treating moderate-to-severe psoriasis over other 
included drugs.
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arthritis and cardiometabolic, hepatic, and psychological 
comorbidities in patients affected by moderate-to-severe PSO 
require a holistic and multidisciplinary approach to care.4

Moderate-to-severe PSO often requires systemic treatment. 
It  is worth noting that oral medications improve patient 
compliance because of their convenience. Apremilast, a 
phosphodiesterase 4 (PDE4) inhibitor, was the first oral 
drug approved for treating PSO by the US Food and Drug 
Administration (FDA) since 1996.5 Inhibition of PDE4 by 
densifying intracellular cyclic adenosine monophosphate 
affects intracellular signal transduction.6 Another approved 
oral drug, fumarate, exerts its anti-psoriatic effect by regulating 
antioxidant defence and inflammatory pathways in psoriasis.7 
Other oral drugs included Janus kinase (JAK) inhibitors 
(JAKi) and immunity inhibitors such as methotrexate and 
cyclosporine. Despite some evidence supporting the efficacy 
of the abovementioned drugs, the relative non-specificity 
and side effects hinder their application in PSO therapy.8 The 
current research focuses on tyrosine kinase 2 (TYK2) which 
belongs to the JAK family along with three other subtypes: 
JAK1/2/3.9 The inhibition of TYK2 signalling breaks the 
link between interleukin (IL)-23 and IL-17 production which 
inhibits critical PSO signalling.10–12 Deucravacitinib (DEU) 
which is a first-in-class, highly selective inhibitor, is the only 
approved oral drug among JAK/TYK2 inhibitors.13 Two other 
TYK2 inhibitors (TYK2i), ropsacitinib and brepocitinib, are 
currently in clinical development.14–15

To date, comparisons of JAK/TYK2 inhibitors have not 
been updated. Network meta analysis adds further weight 
to evidence of the best treatment through a combination of 
direct and indirect comparison.16 Therefore, we conducted a 
systematic review and Network meta-analysis to compare the 
efficacy and safety of JAK/TYK2 inhibitors with other oral 
drugs for patients with moderate-to-severe PSO and provided 
a reliable basis for clinical application.

Methods
The systematic review and network meta-analysis in this 
study were conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
Extension Statement for Network Meta-Analyses (PRISMA-
NMA) guidelines.17 No ethical approval or informed 
consent was required because this network meta-analysis 
was conducted using published studies. This network meta-
analysis was already registered in the PROSPERO database 
(CRD42023404337).

Search strategies
We systematically searched the PubMed, EMBASE, Web 
of Science, MEDLINE, Clinical Trials.gov (CT.gov), and 
Cochrane Central Register of Controlled Trials (CENTRAL) 
databases from database initiation to November 2, 2023, 
with no restrictions of date or language. The search terms 
were related to PSO, randomised controlled trials (RCTs), 
and interventions. The search strategy is provided in the 

supplementary material. To prevent the omission of relevant 
studies, references for the included RCTs were also inspected 
in the process of the systematic search.

Eligibility criteria and study selection
Included trials needed to meet the following criteria: 
(1)  individuals who had been diagnosed with moderate-to-
severe PSO for at least 6 months and were treated with oral 
drugs for 12 weeks or longer; (2) phase II or III RCTs; (3) 
studies that provided any outcome of interesting, such as 
Physician’s Global Assessment (PGA), baseline psoriasis area 
and severity index (PASI) and treatment-emergent adverse 
events. We excluded studies with insufficient information and 
combination therapies. Any case series, case reports, cohorts 
(retrospective or prospective), review articles, meta-analyses, 
letters, and brief reports were also omitted.

Two reviewers (Y.Z. and J.C.) screened the studies inde-
pendently by title, abstract, and full text, according to the 
inclusion and exclusion criteria. In the event of a disagree-
ment, the third reviewer (H.S.) helped reach a consensus.

Data extraction and outcome measures
For our network meta-analysis, we extracted the following 
predefined variables: authors, year of publication, study 
type, name and phase of the study, clinical trial number, 
baseline patient characteristics (age, gender, weight, 
baseline PASI), treatment regimens, follow-up duration and 
outcomes of interest. The outcomes included the PGA of 
‘clear’ or ‘almost clear’ (PGA 0/1), 75% reduction from 
baseline in the PASI (PASI-75), treatment-emergent adverse 
events, and discontinuation owing to adverse events at 
12–16 weeks.

Statistical analysis
All analysis of data was processed by using STATA software 
(version 17) with the metan, mvmeta, and network packages. 
Traditional pairwise meta-analysis (direct meta-analysis) 
was used to compare multiple interventions and placebo. 
Network meta-analysis based on a frequentist framework 
was implemented to assess the efficacy and safety of all 
treatments by providing an additional indirect comparison. 
Statistical heterogeneity was tested using the Cochrane Q 
test and quantified by the I2 statistic. The random effects 
model was adopted considering the heterogeneity of different 
trials (I2 > 50%). The network map was constructed to show 
the connection among the studies. Comparison-adjusted 
funnel plots and Egger’s test were used to assess potential 
publication bias.18 The surface under the cumulative ranking 
(SUCRA) curve, ranging from 0% to 100%, was calculated 
with a higher SUCRA value indicating that the drugs are 
deemed to be the best treatment with more certainty. In 
addition, cumulative probability plots were generated to 
visualise treatment hierarchies.19 The efficacy and safety 
outcomes in this network meta-analysis were dichotomous 
variables and the effect sizes were present by calculating the 
relative risk (RR) and its 95% confidence interval (CI) as well 
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as the number needed to treat which is obtained by taking 
the reciprocal of the response difference of different drugs 
versus placebo. We also examine the robustness of the model 
by sensitivity analyses based on the ‘leave-one-out’ methods. 
Consistency was tested by using the global inconsistency test 
and node-splitting method. P < 0.05 indicates the statistical 
significance of the analysis.

Assessment of risk of bias
Two independent reviewers (Y.Z. and J.C.) conducted 
a quality assessment according to the guidelines of the 
Cochrane Handbook for Systematic Reviews of Interventions 
to evaluate the risk of bias of included trials based on the 
following items: randomisation of sequence generation; 
allocation concealment; blinding for patients, personnel 
and outcome measures; missing outcome data; selective 
reporting; and other sources of bias.20 In addition a third 
reviewer (H.S.) helped to resolve any disagreements.

Results
Search results and trial characteristics
Twenty RCTs containing 7,564 moderate-to-severe PSO 
patients were included in our network meta-analysis.6,21–38 
Ten oral drugs including six TYK2/JAK inhibitors 
(Deucravacitinib, brepocitinib, ropsacitinib, tofacitinib, 
solcitinib, baricitinib, methotrexate, apremilast, cyclosporine, 
and fumarate was reported for 4, 1, 1, 6, 1, 1, 3, 3, 1 and 1 
studies, respectively) were finally included. The PRISMA 
flowchart and detailed search strategy are shown in the 
Supplement. The study characteristics are summarised in 
eTable 1. The network plots of different comparisons for all 
outcomes are shown in Figure 1a–1d. The risk of bias for 16 
RCTs was assessed to be low, and one study was reckoned 
to be at high risk of bias (eFigure 1 and eFigure 2 in the 

Supplementary files). No detectable inconsistency was found 
(eTable 2).

Efficacy outcomes
PGA 0/1
Seventeen RCTs reported the PGA 0/1 data at 12–16 weeks. 
Compared to the placebo, all included treatments except for 
solcitinib and baricitinib resulted in a higher proportion of 
patients with PGA 0/1 at both 12 and 16 weeks (p < 0.01) 
[Figure 2]. Notably, the highest RR to achieve PASI-75 was 
deucravacitinib 3 mg twice a day (BID) (RR = 11.33, 95% CI 
= 3.75–34.24, the number needed to treat = 1.45). Overall, 
the SUCRA values revealed that deucravacitinib (3 mg BID, 
12 mg once daily (QD), and 6 mg BID) had the best three 
PGA 0/1 response rates at 12–16 weeks (SUCRA = 0.889, 
0.887, and 0.828) [Figure 3a]. Based on the network meta-
analysis, deucravacitinib (3 mg BID, 6 mg BID, 6 mg QD, 
and 12 mg QD) and tofacitinib (10 mg BID and 15 mg BID) 
were the best treatments associated with improved PGA 0/1 
at weeks 12–16 over most of the other oral drugs (eTable 3).

PASI-75
All 20 RCTs reported PASI-75 data at 12–16 weeks. All 
JAK/TYK2 inhibitors resulted in significantly higher PASI-
75 compared with the placebo (P < 0.01) (eFigure 3). And, 
tofacitinib 15 mg BID had the highest efficacy (RR = 32.65, 
95% CI = 4.64–229.73, the number needed to treat = 1.59). 
Overall, the SUCRA values revealed that deucravacitinib 
(3 mg BID and 12 mg QD) and solcitinib (400 mg BID) 
were most likely to be the best treatments in terms of PASI-
75 (SUCRA = 0.838, 0.875, and 0.850) [Figure 3b]. In 
addition, the network meta-analysis also demonstrated that 
deucravacitinib (3 mg BID, 6 mg QD, 6 mg BID, and 12 mg 
QD) and tofacitinib (5 mg BID, 10 mg BID, and 15 mg BID) 

Figure 1a: The evidence network plot of all papers about different treatments. 
PASI-75. (DEU: deucravacitinib; BRE: brepocitinib; ROP: ropsacitinib; 
TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; MTX: methotrexate; 
APR: apremilast; CSP: cyclosporine; FUM: fumarate.)

Figure 1b: The evidence network plot of all papers about different treatments. 
PGA 0/1. (DEU: deucravacitinib; BRE: brepocitinib; ROP: ropsacitinib; 
TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; MTX: methotrexate; 
APR: apremilast.)
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Figure 1c: The evidence network plot of all papers about different treatments. 
(TEAEs: Treatment-emergent adverse events; DEU: deucravacitinib; BRE: 
brepocitinib; ROP: ropsacitinib; TOF: tofacitinib; SOL: solcitinib; BAR: 
baricitinib; MTX: methotrexate; APR: apremilast; CSP: cyclosporine; FUM: 
fumarate.)

Figure 1d: The evidence network plot of all papers about different 
treatments. Line thicknesses corresponded to the number of trials and node 
sizes indicated the total sample sizes for treatments. (DAE: discontinuation 
owing to adverse events; DEU: deucravacitinib; BRE: brepocitinib; ROP: 
ropsacitinib; TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; MTX: 
methotrexate; APR: apremilast; FUM: fumarate.)

Figure 2: Relative risk of achieving PGA 0/1 response of oral drugs in the treatment of plaque psoriasis versus 
placebo. (DEU: deucravacitinib;  ROP: ropsacitinib; TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; MTX: 
methotrexate; APR: apremilast; CI: Confidence interval; PGA: Physician’s Global Assessment)
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were associated with improved PASI-75 at weeks 12–16 
compared with other oral drugs (eTable 4).

Safety
Treatment-emergent adverse events
Nineteen included RCTs reported treatment-emergent  adverse  
events. As illustrated in Figure 4, the treatment-emergent  
adverse  events for all treatments were non-significantly 
different from those of the placebo except deucravacitinib 
(6 mg BID and 12 mg QD) (RR = 1.57, 95% CI = 1.14–
2.16, the number needed to treat = 3.45; RR = 1.51, 95% CI 
= 1.09–2.10, the number needed to treat = 3.85), tofacitinib 
(5 mg BID) (RR = 1.59, 95% CI = 1.40–1.81, the number 
needed to treat = 4.55) and tofacitinib (10 mg BID) (RR 
= 1.85, 95% CI = 1.60–2.13, the number needed to treat = 
3.45). SUCRA analysis showed that tofacitinib at 10 mg BID 
had the best possibility to cause treatment-emergent adverse 

events (SUCRA = 0.634), followed by deucravacitinib at 6 
mg BID (SUCRA = 0.633) [Figure 3c]. According to network 
meta-analysis, all the treatments showed similar probabilities 
of Treatment-emergent adverse events with negative RRs 
(eTable 5).

We also ranked the oral drugs according to their efficacy 
and safety. Deucravacitinib (3 mg QD and 3 mg BID) which 
appear in the upper right corner of [Figure 5] struck a good 
balance between efficacy and safety.

Discontinuation owing to adverse events
Discontinuation owing to adverse events compared to 
placebo, treatment with the JAK/TYK2 inhibitors did not 
result in significantly different DAE risk but apremilast (30 
mg BID) showed a positive RR (2.10, 95% CI = 1.36–3.25, 
the number needed to treat = 25) (eFigure 4). Based on the 

Figure 3c: Rank of the cumulative probabilities for treatment-emergent  
adverse  events. (DEU: deucravacitinib; BRE: brepocitinib; ROP: 
ropsacitinib; TOF: tofacitinib; PBO: placebo.)

Figure 3d:  Rank of the cumulative probabilities for DAE. (DAE: discontinuation 
owing to adverse events; DEU: deucravacitinib; BRE: brepocitinib; ROP: 
ropsacitinib; TOF: tofacitinib; BAR: baricitinib; PBO: placebo.)

Figure 3a: Rank of the cumulative probabilities for PGA 0/1. (DEU: 
deucravacitinib; ROP: ropsacitinib; TOF: tofacitinib; PBO: placebo.)

Figure 3b: Rank of the cumulative probabilities for PASI-75. (DAE: 
discontinuation owing to adverse events; DEU: deucravacitinib; BRE: 
brepocitinib; ROP: ropsacitinib; TOF: tofacitinib; PBO: placebo.)
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SUCRA values for DAE, baricitinib (8 mg QD) ranks best 
in safety risk (SUCRA = 0.847) [Figure 3d]. Moreover, our 
network meta-analysis supported that apremilast (30 mg 
BID) was the only treatment that had significantly lower 
safety than placebo (eTable 6).

Sensitivity analysis and publication bias assessment
Sensitivity analyses were performed to evaluate the 
robustness of the results by using ‘leave-one-out’ methods. As 
shown in eTable 7, regardless of which study was removed, 
the overall statistical significance remained consistent in 
both fixed- and random-effect models indicating the results 
were robust. On the other hand, we did not find publication 
bias in studies reporting PGA 0/1, PASI-75, treatment-
emergent  adverse  events, and discontinuation owing to 
adverse events outcomes based on visually symmetric 
comparison-adjusted funnel plots and the Egger test results 
(P > 0.05) (eFigure 5).

Discussion
Through this network meta-analysis based on 20 trials with 
7,564 moderate-to-severe PSO patients, we comparatively 
assessed three novel oral TYK2i and other oral agents. In 
terms of PASI-75 and PGA 0/1, deucravacitinib (except for 3 
mg every other day and 3 mg QD) and tofacitinib (10 mg BID 
and 15 mg BID) exhibited significantly better efficacy than 
the other agents. Regarding safety, no significant differences 
in treatment-emergent adverse events were observed 
between the placebo and the JAK/TYK2 inhibitors except 
for deucravacitinib (6 mg BID and 12 mg QD), tofacitinib (5 
mg BID and 10 mg BID). Comprehensive rankings based on 
efficacy and safety indicated that deucravacitinib (3 mg QD 
and 3 mg BID) struck a good balance.

Our results highlight the role of TYK2 in the pathogenesis 
of psoriasis and the therapeutic potential of TYK2i. A recent 
network meta-analysis compared TYK2i with apremilast and 
showed that TYK2i surpassed APR at certain doses which 

Figure 4: Relative risk of achieving treatment-emergent  adverse  events response of oral drugs in the treatment of plaque 
psoriasis versus placebo. (DEU: deucravacitinib; BRE: brepocitinib; ROP: ropsacitinib; TOF: tofacitinib; SOL: solcitinib; 
BAR: baricitinib; MTX: methotrexate; APR: apremilast.)
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is consistent with our results.39 In addition, we also included 
immunity inhibitors — methotrexate and cyclosporine – 
showing their worse efficacy and a similar safety profile 
compared to TYK2i. The better efficacy of tofacitinib (a pan-
JAK inhibitor) compared with solcitinib (a JAK1 inhibitor) 
and baricitinib (a JAK1 and JAK2 inhibitor) could be 
explained by its stronger ability to inhibit all JAKs rather than 
selectively targeting one or two JAKs. However, our data 
failed to support the superior clinical effects of ropsacitinib 
(a TYK2/JAK2 inhibitor) and BRE (a TYK2/JAK1 inhibitor) 
over deucravacitinib which may be the result of the weaker 
inhibition of TYK2 mediating the key IL-23/IL-17 axis.40

In the present study, the most unsafe treatment in terms of 
treatment-emergent  adverse  events was tofacitinib (10 
mg BID) followed by deucravacitinib (6 mg BID) which is 
opposed to their better efficacy. Even so, all included JAK/
TYK2 inhibitors did not lead to an increased risk of treatment 
discontinuation.

According to the long-term extension results of two large 
phases 3 52-week trials (POETYK PSO-1 and POETYK 
PSO-2), deucravacitinib has a low incidence of adverse 
events, the most common of which were nasopharyngitis, 
upper respiratory infections, headache, diarrhoea and nausea 
with opportunistic infections, systemic fungal or tuberculosis 
unreported.41–43 Notably, the safety profile is based on the 
results of using deucravacitinib at 6 mg QD which is the 
recommended daily dosage.44 Our network meta-analysis 
suggested that increasing the daily doses of deucravacitinib 
to 12 mg will result in an observational safety risk with the 
largest the number needed to treat of 3.85.

To date, tofacitinib was denied approval for psoriasis 
treatment in 2015 due to its side effects, although it was later 
approved for the treatment of psoriatic arthritis by the FDA. 
However, deucravacitinib received its first approval (in the 

USA on September 9, 2022) for the treatment of adults with 
moderate-to-severe PSO.45 We found that deucravacitinib 
treatment at 3 mg BID struck a good balance between short-
term efficacy and safety. This might be because these TYK2i 
and especially deucravacitinib have high selectivity for TYK2, 
thereby reducing the negative safety outcomes associated 
with JAK1/2/3 inhibition (e.g., infection, hyperlipidaemia, 
and cytopenia) which suggests its core competency in oral 
drugs for PSO.46 Furthermore, the oral administration of 
deucravacitinib may increase patient compliance compared 
to other injectable biologics such as secukinumab by avoiding 
injection pain and the hassle of travelling to a clinic for 
injections.47 Despite its superiority, the cost of deucravacitinib 
will be a troublesome problem. According to the report, 
deucravacitinib is expected to cost up to $14,409 per patient 
per year in the absence of reimbursement.48 Considering the 
economic burden on patients with PSO, they may still give 
priority to traditional JAKi.

Although most RCTs included in this network meta-analysis 
were of high quality, we still encountered some limitations: 
(1) The follow-up periods ranging from 12 to 16 weeks are 
short. Thus, more well-designed multicentre RCTs with big 
sample sizes and long-term extension studies were needed to 
verify the safety profile of these drugs. (2) I think the RCT 
evidence on MTX is quite limited. Just like the authors say 
for newer TYK2 inhibitors. This could be the reason for 
apremilast being ranked better than MTX [see Figure 5]. 
As apremilast being superior to MTX does not match our 
clinical experience. (3) A certain degree of heterogeneity 
across studies was identified which may negatively affect the 
robustness and reliability of pooled results.

Overall, this network meta-analysis supported the efficacy of 
JAK/TYK2 inhibitors for moderate-to-severe PSO and the 
superior efficacy of TYK2i (deucravacitinib, BRE and ROP) 

Figure 5a:Ranking of oral drugs according to safety and efficacy of 
PGA 0/1. (DEU: deucravacitinib; BRE: brepocitinib; ROP: ropsacitinib; 
TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; MTX: methotrexate; 
APR: apremilast; QD: once daily; BID: twice a day.)

Figure 5b: Ranking of oral drugs according to safety and efficacy of 
PGA 0/1 at 12–16 weeks. (DEU: deucravacitinib; BRE: brepocitinib; 
ROP: ropsacitinib; TOF: tofacitinib; SOL: solcitinib; BAR: baricitinib; 
MTX: methotrexate; APR: apremilast; CSP: cyclosporine; FUM: 
fumarate; QD: once daily; BID: twice a day.)
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especially deucravacitinib compared to JAKi (tofacitinib, 
solcitinib and baricitinib) and other oral drugs (methotrexate, 
apremilast, cyclosporine and FUM). More prospective 
studies should be conducted to assess the long-term efficacy 
and safety of TYK2i in psoriasis patients.
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