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ARTICLE INFO ABSTRACT

Keywords: Objectives: Interleukin(IL)-23 is a key cytokine in the pathogenesis of psoriasis, this meta-analysis was to analyze
Psoriasis the efficacy and safety of IL-23p19 blockers in patients with plaque psoriasis.

1L-23p19 Methods: A systematic review of the literature was performed to collect double-blind randomized controlled
g;:ﬂt;‘;‘;zb trials(RCTs). The pooled relative risk(RR) with 95% confidence interval(CI) was calculated. All analyses were

conducted with intention-to-treat basis.

Results: A total of 13 studies contained 5155 plaque psoriasis patients were included in our meta-analysis. The
results indicated that IL-23p19 blockers had better efficacy than placebo for Psoriasis Area Severity Index score
reductions from baseline of 75% or more (PASI75) (RR = 11.47, P < 0.001) and static Physician's Global
Assessment score of 0 or 1(sPGA0/1) (RR = 11.32, P < 0.001). IL-23p19 blockers have similar safety with
placebo about the incidence of adverse events(AEs) (RR = 1.22, P = 0.096) and serious adverse events(SAEs)
(RR = 2.93, P = 0.965), but IL-23p19 blockers carried an increased incidence rate of infections (RR = 1.39,
P < 0.001). While compared with adalimumab and ustekinumab, IL-23p19 blockers were more effective and
had the similar tolerance. Among three IL-23p19 blockers, guselkumab was the most efficacious treatments, and
risankizumab was better tolerated than the others.

Conclusion: The IL-23p19 blockers have excellent efficacy and great safety in plaque psoriasis patients, but long-
term safety remains to be determined.

Tildrakizumab
Meta-analysis

1. Introduction

Psoriasis is a chronic immune-mediated inflammatory disease
manifesting in the skin or joints [1,2]. Among the various subtypes of
psoriasis, plaque psoriasis is the most familiar, accounting for about
90% of the total number of patients [1,3]. It occurs mostly in young
adults and the prevalence of psoriasis was 0.51% to 11.43% in adults
and 0% to 1.37% in children, with an average of 1%~4% [4-6]. Pa-
tients with psoriasis are usually associated with a variety of complica-
tions, such as cardiovascular diseases, metabolic syndrome, malignant
tumors, infections and mood disorders, which seriously affect the
quality of life and aggravate the burden [7,8]. On account of severe
psychological burden, it is often untoward to achieve ideal efficacy

compared with other autoimmune diseases. In the treatment of psor-
iasis, in addition to nonsteroidal anti-inflammatory drugs (NSAIDs) and
some conventional drugs, biological agents targeting tumor necrosis
factor (TNF)-a and interleukin-23/-17 axis have been widely studied
and applied recently [9].

Interleukin-23, a pro-inflammatory cytokine, has key regulatory
role in the pathogenesis of psoriasis [9-11]. IL-23 is composed of p19
subunit and p40 subunit, of which p40 subunit is also one of the
components of IL-12, while p19 subunit is the unique subunit of IL-23
[9]. IL-23 is involved in the development and progression of psoriasis
by inducing and maintaining T helper (Th) 17 cells, Th22 cells, innate
lymphoid cells, and the effector cytokines IL-17, IL-22, and TNF-a [11].
Inhibitors targeting IL-23p19 include risankizumab (BI 655066/
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ABBV066; Humanized, IgG1), guselkumab (CNTO1959; Fully human,
IgG1), tildrakizumab (MK 3222; Humanized, IgG1), brazikumab (Fully
human, IgG2) and mirikizumab (Humanized, 1gG4) [9,12,13]. Howard
and his colleagues demonstrated for the first time that guselkumab had
good efficacy and tolerance, suggesting that anti-IL-23p19 was a pro-
mising treatment strategy [14]. Hereafter, increasing studies have been
conducted on IL-23p19 inhibitors.

Although many studies have proved that IL-23p19 inhibitors were
effective and safe, but some results showed inconsistent conclusions.
James indicated that there was no statistically significant difference in
the efficacy of tildrakizumab and placebo [15], and the infection rate of
risankizumab was higher than that of placebo [16], which was different
from other studies [14,17-24]. Additionally, there was no study or
analysis compared the efficacy or safety of three different IL-23 in-
hibitors. This meta-analysis is the first comprehensive analysis of the
efficacy and safety of IL-23p19 inhibitors, and compared with inhibitors
of different targets, so as to provide further reliable basis for clinical
application and selection of different inhibitors.

2. Materials and methods
2.1. Publication search

We systematically retrieved the double-blind randomized controlled
trials investigating the efficacy and safety of risankizumab,

tildrakizumab or guselkumab in approved dosages in the electronic da-
tabase of PubMed, Web of Science, Cochrane Library, Elsevier Science
Direct and Google Scholar databases (up to NOV. 20, 2018). Keywords
and search strategy were as follows: “IL-23 inhibitor” or “IL-23” or “IL-
23p19” or “anti-il-23” or “risankizumab” or “BI 655066” or “ABBV066”
or “guselkumab” or “CNTO1959” or “tildrakizumab” or “MK 3222” or
“brazikumab” or “MEDI2070” or “AMG139” or “mirikizumab” or
“LY3074828” combined with “psoriasis”. In addition, the references of
these articles were also screened to find other relevant articles.

2.2. Selection criteria

The inclusion criteria were as follows: (1) The type of article was
double-blind randomized controlled trial; (2) The patients were adults,
and they had stable (=6 months) moderate-to-severe chronic plaque
psoriasis (with or without psoriatic arthritis/PsA) at both screening and
baseline (randomization) with body surface area(BSA) involvement
10% or greater, Psoriasis Area Severity Index (PASI) 12 or greater, and
static Physician's Global Assessment (sPGA) score 3 or greater; (3) The
paper provided detailed data of efficacy and safety parameters; (4) The
follow-up time was 16 weeks, if missing, the closest follow-up time was
selected as the measurement time of each indicator; (5) The study was
published in English. We excluded case-control studies, cohort studies,
review articles, meta-analysis, conference abstracts, case reports and
unpublished articles.
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PASI75 sPGA 0/1
Experimental Control Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Howard 2014 1 5 o 2 1.36 [0.08; 23.11] 0.5% James 2015 20 31 o 8 T+ 11.06 [0.74; 164.82] 0.7%
James 2015 27 31 0o 8 14.84 [1.01;219.15]  0.6% Papp1 2015 55 89 145 ———— 27.81[3.98;194.47] 1.1%
Papp1 2015 59 89 2 45 —— 1492 [3.82; 58.28] 2.1% Papp2 2015 64 86 145 ———— 33.49 [4.80;233.51] 1.1%
Papp2 2015 64 86 2 45 —— 1674 [4.30; 65.27] 2.1% Andrew 2016 280 329 12 174 4 12.34 [7.14; 21.34] 13.1%
Kenneth 2015 33 42 2 42 —— 1650 [4.23; 64.40] 1.6% Kristian 2016 417 496 21 248 = 9.93 [6.58; 14.98] 23.4%
Andrew 2016 300 329 10 174 e 15.87 [8.68; 28.99] 10.2% Kristian1 2017 179 309 1155 = 8.16 [4.58; 14.54] 12.3%
Kristian 2016 428 496 20 248 = 10.70 [7.02; 16.31] 20.9% Kristian1 2017 168 307 7 156 —— 12.20 [5.87; 25.33] 7.8%
Kristian1 2017 197 309 9 155 - 10.98 [5.79; 20.82] 9.4% Kristian2 2017 182 308 1155 = 8.33 [4.68; 14.83] 12.2%
Kristian1 2017 188 307 9 156 - 10.61 [5.59; 20.14] 9.3% Kristian2 2017 186 314 7 156 —f 13.20 [6.36; 27.39] 7.8%
Kristian2 2017 192 308 9 155 - 10.74 [5.66; 20.36] 9.4% Kenneth 2018 267 304 8 102 - 11.20 [5.75; 21.81] 10.0%
Kristian2 2017 206 314 9 156 = 11.37 [6.00; 21.55] 9.4% Kenneth 2018 246 294 5 98 = 16.40 [6.97; 38.58] 6.3%
Kenneth 2018 264 304 10 102 - 886 [4.91; 15.98] 11.7% Mamitaro 2018 56 63 5 64 —— 11.38 [4.88; 26.52] 4.2%
Kenneth 2018 261 294 8 98 = 10.88 [5.59; 21.15]  9.4% :
Mamitaro 2018 53 63 4 64 —— 13.46 [5.18; 34.98] 3.1% Fixed effect model 2930 1406 3 11.33 [9.25; 13.87] 100.0%
Nemoto 2018 4 5 o 4 ———=——  7.36 [0.52;103.48] 0.4% Heterogeneity: /> = 0%, ©= 0, p = 0.89
: 001 01 1 10 100
Fixed effect model 2982 1454 3 11.47 [9.44; 13.93] 100.0%
Heterogeneity: /> = 0%, t* = 0, p = 0.98
001 01 1 10 100
AEs Serious AEs
Experimental Control Experimental Control

Study Events Total Events Total RR 95%-Cl Weight Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
James 2015 20 31 7 8 0.74 [0.51;1.07] 1.1% James 2015 5 31 3 8 W 043 [0.13; 1.43] 11.9%
Papp1 2015 58 89 31 45 - 0.95 [0.74;1.21] 4.1% Papp1 2015 189 0 45 —— 7 153[0.06;36.70] 1.7%
Papp2 2015 54 86 31 45 —sr 091 [0.71;1.18] 4.1% Papp2 2015 2 86 0 45 —— [+ 263[0.13;53.63] 1.6%
Kenneth 2015 103 207 22 42 —5— 0.95 [0.69; 1.31] 3.7% Kenneth 2015 3 207 142 L S 0.61 [0.06; 5.71]  4.2%
Andrew 2016 170 329 86 174 - 1.05 [0.87;1.26] 11.3% Andrew 2016 8 329 3 174 —E— 141 [0.38; 5.25] 9.8%
Kristian 2016 235 496 111 248 - 1.06 [0.90; 1.25] 14.8% Kristian 2016 8 4% 3 248 —E— 1.33 [0.36; 4.98] 10.0%
Kristian1 2017 146 309 74 155 -5 0.99 [0.81;1.21] 9.9% Kristian1 2017 5 309 1 155 —f—— 251[030;21.28] 33%
Kristian1 2017 136 307 86 156 & 0.80 [0.67;0.97] 11.4% Kristian1 2017 4 307 4 156 — 0.51 [0.13; 2.00] 13.3%
Kristian2 2017 130 308 74 155 = 0.88 [0.72;1.09] 9.9% Kristian2 2017 8 308 1 155 ———— 4.03[051;31.90] 3.3%
Kristian2 2017 155 314 86 156 = 090 [0.75;1.07] 11.5% Kristian2 2017 6 314 4 156 —a— 0.75 [0.21; 2.60] 13.4%
Kenneth 2018 151 304 52 102 - 0.97 [0.78;1.22] 7.8% Kenneth 2018 6 304 5 102 —= T 0.40 [0.13; 1.29] 18.7%
Kenneth 2018 134 294 45 98 —&— 0.99 [0.77;1.27] 6.8% Kenneth 2018 7294 1 98 — 1  233[029;1873] 38%
Mamitaro 2018 29 63 36 64 — 0.82 [0.58;1.15] 3.6% Mamitaro 2018 1 63 2 64 —*F7T 0.51 [0.05; 5.46] 5.0%
Nemoto 2018 4 5 2 4 ———F———————— 1.60 [0.55;4.68] 0.2%

H Fixed effect model 3137 1448 0.99 [0.65; 1.52] 100.0%
Fixed effect model 3142 1452 : 0.95 [0.89; 1.01] 100.0% Heterogeneity: /> = 0%, ©* = 0, p = 0.63
Heterogeneity: 12 = 0%, * = 0, p = 0.66 01 0512 10

Fig. B. Primary efficacy and safety outcomes of IL-23p19 inhibitors in the treatment of plaque psoriasis versus placebo. PASI: Psoriasis Area and Severity Index;
sPGA: static Physician's Global Assessment; AEs: adverse events; SAEs: serious adverse events.

PASI 100 PASI 90
Experimental Control Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
James 2015 9 31 0 8 —f—— 513 [0.33;, 79.49] 82% Howard 2014 0 5 0 2 1 0.0%
Kenneth 2015 14 42 0 42 4’%7 29.00 [1.79; 470.71] 5.3% James 2015 15 31 0 8 *4'—% 8.37 [0.56; 126.02] 2.8%
Andrew 2016 123 329 1 174 —i#=—— 65.05 [9.17; 461.51] 13.8% Kenneth 2015 26 42 1 42 — - 26.00 [3.70; 182.92] 3.6%
Kristian 2016 169 496 2 248 — 42.25 [10.57; 168.90] 28.1% Andrew 2016 241 329 5 174 b 2549 [10.72; 60.62] 23.5%
Kenneth 2018 109 304 0 104 —— = 75.16 [4.71;1198.49] 7.8% Kristian 2016 347 496 6 248 - 28.92 [13.09; 63.88] 28.7%
Kenneth 2018 149 294 2 98 . 2483 [6.27; 98.35] 31.6% Kenneth 2018 229 304 5 104 L3 15.67 [6.65; 36.94] 26.8%
Mamitaro 2018 17 63 0 64 ——— 35.55 [2.18; 578.63] 5.2% Kenneth 2018 220 294 2 98 — 36.67 [9.29; 144.77] 10.8%
3 Mamitaro 2018 4 73 0 64 % 78.10 [4.91;1242.92] 1.9%
Fixed effect model 1559 738 < 38.40 [18.32; 80.50] 100.0% Nemoto 2018 ] 5 0 4 — T 245 [0.13; 46.81] 2.0%
Heterogeneity: /> = 0%, © = 0, p = 0.81 |
0.001 01 1 10 1000 Fixed effect model 1579 744 <> 25.16 [16.41; 38.56] 100.0%
Heterogeneity: /> = 0%, © = 0, p = 0.63
0.001 01 1 10 1000
SPGA 0 DLQI 0/1
Experimental Control Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Andrew 2016 157 329 2 174 — 41.52 [10.42; 165.45] 19.7% Kenneth 2015 25 42 3 42 + 8.33 [2.72; 25.50] 3.7%
Kristian 2016 215 496 2 248 ‘%—'7 53.75 [13.47;214.50] 20.1% Papp12015 46 89 0 45 —————— 47.28 [2.98;749.79] 0.8%
Kenneth 2018 112 304 2 102 —=— 18.79 [4.73; 74.70] 22.6% Papp2 2015 48 86 0 45 ———— 51.02 [3.22;808.45]  0.8%
Kenneth 2018 150 294 3 98 4% 16.67 [5.44; 51.07] 33.9% Andrew 2016 180 329 7 174 = 13.60 [6.54; 28.29] 11.3%
Mamitaro 2018 28 63 0 64 ———+——57.90 [3.61;928.10] 3.7% Kristian 2016 254 496 8 248 i 15.88 [7.99; 31.56] 13.1%
3 Kristian1 2017 126 309 8 155 E 7.90 [3.97; 15.72] 13.1%
Fixed effect model 1486 686 < 31.03 [16.63; 57.92] 100.0% Kristian1 2017 119 307 12156 = 5.04 [287; 8.83] 19.6%
Heterogeneity: /2 = 0%, 7 = 0, p = 0.62 Kristian2 2017 132 308 8 155 - 8.30 [4.18; 16.51] 13.1%
001 01 1 10 100 Kristian2 2017 145 314 12 156 = 6.00 [3.44; 10.47] 19.7%
Mamitaro 2018 41 63 4 64 - 10.41 [3.96; 27.36] 4.9%
Fixed effect model 2343 1240 o 9.52 [7.45; 12.16] 100.0%

Heterogeneity: /% = 35%, ©° = 0.0873, p = 0.13
001 01 1 10 100

Infections Discontinued owing to AEs
Experimental Control Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Howard 2014 2 5 0 4 — 409 [0.26;65.22] 0.3% Papp12015 5| 89 1 45 4%7 0.51 [0.03; 7.90] 4.7%
James 2015 3 31 il 8 4*% 0.77 [0.09; 6.49] 0.9% Papp2 2015 1 86 1 45 . » E— 0.52 [0.03; 8.17] 4.7%
Kenneth 2015 41 207 6 42 e 1.39 [0.63; 3.05] 56% Kenneth 2015 5 207 3 4 — T 0.34 [0.08; 1.36] 17.8%
Andrew 2016 85 329 44 174 =] 1.02 [0.75; 1.40] 32.5% Andrew 2016 4 329 2 174 — 1.06 [0.20; 5.72] 9.3%
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Fixed effect model 1734 844 < 1.39 [1.16; 1.66] 100.0% 3
Heterogeneity: 12 = 0%, 12 = 0, p = 0.48 Fixed effect model 2509 1240 0.67 [0.38; 1.18] 100.0%
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Fig. C. Secondary indicators of IL-23p19 inhibitors in the treatment of plaque psoriasis versus placebo. PASI: Psoriasis Area and Severity Index; sPGA: static
Physician's Global Assessment; DLQI: Dermatology Life Quality Index; AEs: adverse events.
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Fig. D. Efficacy and safety of the 6 treatments. RIS: Risankizumab; TIL: Tildrakizumab; GUS: Guselkumab; UST: Ustekinumab; ADA: Adalimumab; PBO: placebo.

2.3. Data extraction

For each article we enrolled, article quality was evaluated by mod-
ified Jadad scale and data extraction was performed by two researchers
simultaneously and independently. The extracted information was listed
as follows: first author's name, publication year, national clinical trial
number, medications, the cases, age, male ratio and white ratio of dif-
ferent groups, PsA, BSA, PASI and Dermatology Life Quality Index score
(DLQI) at baseline. The efficacy parameters were PASI score reductions
from baseline of 75% or more (PASI75), 90% or more (PASI90), 100%
(PASI100), sPGA score of 0 or 1 (clear or almost clear), SPGA 0 (clear)
and DLQI of O or 1. The safety parameters were adverse events (AEs),
serious adverse events (SAEs), infections and discontinued owing to AEs.
And the PASI75, sPGAO/1, AEs and SAEs were primary indices, the other
parameters were secondary indices. Any disagreement was discussed
with the third researcher (Faming Pan). For missing data in the article,
we try to send an email to the author to get relevant data.

2.4. Statistical analysis

All statistical analyses were proceeded by packages of “meta” and
“metafor” in R 3.5.1 software and WinBUGS (MRC Biostatistics Unit,
Cambridge, UK). The relative risk (RR) and 95% confidence interval (CI)
of efficacy and safety parameters were calculated for each enrolled studies.
Heterogeneity was assessed by Q test and I? statistic. When the hetero-
geneity was statistically significant (P < 0.1 or > > 50%), we used the
random effects model to evaluate the overall effect, otherwise, the fixed
effect model was used. We did a random-effects model within a Bayesian
framework using Markov chain Monte Carlo methods in WinBUGS for
determining the priority of these drugs. Subgroup analysis and meta-re-
gression analysis were implemented to analyze the efficacy and safety in
diverse inhibitors and identify possible control measures. Subgroup ana-
lysis was stratified by drugs and time of follow-up. Meta-regression ana-
lysis was performed by publication year, drugs, number of patients, male
ratio, white ratio, time of follow-up, biologic agents and PsA. Sensitivity
analysis was conducted to find whether one or more studies deviated from
the overall results. Funnel plot, Begg's rank correlation test and Egger's
linear regression were performed to evaluate the publication bias. A two-
tailed P < 0.05 was considered to be statistically significant.

3. Results
3.1. Literature search and study characteristics

We searched 2523 articles in total, 1188 articles were excluded
owing to duplication. After the title and abstract browsing, we excluded
1296 articles and only read the full text of 39 articles. Finally, 13 ar-
ticles [14-24] contained 3190 plaque psoriasis patients with IL-23p19
blockers, and 1965 patients with controls (1101 patients with placebo,
625 patients with adalimumab and 239 patients with ustekinumab)
were included. The process of study selection was shown in Fig. A.
There were four eligible studies with risankizumab, three with til-
drakizumab and six with guselkumab, whereas none with brazikumab

or mirikizumab. The follow-up time was almost 16 weeks and a few
were 12 or 24 weeks. The Modified Jadad scale scores of enrolled stu-
dies ranged from 4 to 7, with only one study having the medium-quality
score of 4. All studies were published from 2014 to 2018. The char-
acteristics of enrolled studies were represented detailedly in Table 1.

3.2. Results of meta-analysis

3.2.1. IL-23p19 blockers versus placebo

There was no significant heterogeneity between the enrolled studies
(all * < 50.0%, P > 0.1), hence the fixed effect model was per-
formed. There were significant differences in PASI75 (RR = 11.469,
95% CI=9.441 to 13.934) and sPGA 0/1 (RR =11.327, 95%
CI = 9.251 to 13.868) between groups (Fig. B). Meanwhile, IL-23p19
inhibitors were well tolerated and the incidence of AEs (RR = 0.949,
95% CI = 0.892 to 1.009) and SAEs (RR = 0.990, 95% CI = 0.645 to
1.520) (Fig. B) was similar to that of the placebo group. However, there
was an increased incidence rate of infections (RR = 1.387, 95%
CI = 1.160 to 1.659) with IL-23p19 inhibitors (Fig. C). Comparing in
secondary indicators between the two groups was outlined in the Fig. C.

3.2.2. IL-23p19 blockers versus adalimumab

There were significant differences in PASI100 (RR = 1.851, 95%
CI = 1.538 to 2.229), PASI90 (RR = 1.480, 95% CI = 1.348 to 1.624),
PASI75 (RR = 1.246, 95% CI=1.177 to 1.318) and DLQI 0/1
(RR = 1.398, 95% CI = 1.242 to 1.575) (Fig. S1). Moreover, the in-
cidence of AEs (RR =0.986, 95% CI=0.891 to 1.092), SAEs
(RR = 0.924, 95% CI = 0.462 to 1.847), infections (RR = 1.003, 95%
CI = 0.832 to 1.208) and discontinued owing to AEs (RR = 0.784, 95%
CI = 0.366 to 1.680) (Fig. S1) in IL-23p19 inhibitors was not sig-
nificantly different from that of adalimumab.

3.2.3. IL-23p19 blockers versus ustekinumab

Research results showed that IL-23p19 inhibitors may be more ef-
fective than ustekinumab, which were analyzed from PASI100
(RR = 2.430, 95% CI = 1.828 to 3.229), PASI90 (RR = 1.539, 95%
CI = 1.327 to 1.786), PASI75 (RR = 1.252, 95% CI = 1.146 to 1.368)
and sPGA 0/1 (RR = 1.286, 95% CI = 1.162 to 1.422). There was no
significant difference in the incidence of AEs (RR = 0.926, 95%
CI = 0.805 to 1.065), SAEs (RR = 0.903, 95% CI = 0.770 to 1.058),
infections (RR = 1.035, 95% CI = 0.758 to 1.413) and discontinued
owing to AEs (RR = 0.425, 95% CI = 0.101 to 1.799) (Fig. S2) between
IL-23p19 inhibitor and ustekinumab.

3.2.4. The comprehensive comparison of the drugs

Fig. D summarized the comprehensive comparison of the drugs,
which showed: 1) all drugs were significantly more efficacious than
placebo; 2) the efficacy of guselkumab was better than that of adali-
mumab; 3) the efficacy of risankizumab was superior to ustekinumab;
4) there were no significant differences between all prevention ther-
apeutic measures in the safety except that guselkumab and adalimumab
were more tolerable than tildrakizumab. Fig. E showed the distribution
of probabilities of each treatment being ranked at each of the possible 6
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Fig. E. Ranking for efficacy (PASI75) and safety (AEs). Rankl demonstrate that the biologics is more effective in PASI75, and Rank 6 proved the best safety in AEs.

PASTI: Psoriasis Area and Severity Index; AEs: adverse event.

Table 2
Subgroup analysis of efficacy and safety in plaque psoriasis.

Indices Subgroups N RR (95%CI) z P Test of heterogeneity
2
PASI75 Drugs
RIS 3 9.916(6.410 to 15.339) 10.32 < 0.001 0.0% 0.853
TIL 6 11.413(8.424 to 15.461) 15.72 < 0.001 0.0% 0.990
GUS 6 12.453(9.112 to 17.019) 15.82 < 0.001 0.0% 0.621
Time of follow-up
12 weeks 4 10.926(7.935 to 15.045) 14.65 < 0.001 0.0% 0.999
16 weeks 9 11.788(9.207 to 15.094) 19.56 < 0.001 0.0% 0.786
24 weeks 2 12.191(1.674 to 88.752) 2.47 0.014 0.0% 0.692
sPGA 0/1 Drugs
RIS 3 13.137(7.835 to 22.026) 9.77 < 0.001 0.0% 0.784
TIL 6 11.056(8.090 to 15.110) 15.08 < 0.001 0.0% 0.494
GUS 3 10.854(7.982 to 14.760) 15.21 < 0.001 0.0% 0.817
Time of follow-up
12 weeks 4 9.977(7.241to0 13.748) 14.06 < 0.001 0.0% 0.638
16 weeks 7 12.238(9.414 to 15.910) 18.71 < 0.001 0.0% 0.776
24 weeks 1 11.531(0.770 to 172.646) 1.77 0.077 NA NA
AE Drugs
RIS 3 0.965(0.825 to 1.129) 0.44 0.659 4.5% 0.351
TIL 6 0.896(0.822 to 0.977) 2.48 0.013 0.0% 0.789
GUS 5 0.949(0.892 to 1.009) 0.36 0.717 0.0% 0.608
Time of follow-up
12 weeks 4 0.890(0.807 to 0.981) 2.34 0.019 0.0% 0.535
16 weeks 8 0.995(0.916 to 1.080) 0.12 0.903 0.0% 0.904
24 weeks 2 0.881(0.608 to 1.276) 0.67 0.503 51.8% 0.150
SAE Drugs
RIS 3 0.623(0.292 to 1.328) 1.23 0.220 18.3% 0.294
TIL 6 1.239 (0.618 to 2.483) 0.60 0.546 0.0% 0.524
GUS 4 1.114(0.503 to 2.467) 0.27 0.791 0.0% 0.827
Time of follow-up
12 weeks 4 1.155(0.553 to 2.413) 0.38 0.701 20.0% 0.290
16 weeks 8 1.012(0.565 to 1.814) 0.04 0.967 0.0% 0.731
24 weeks 1 0.430(0.129 to 1.431) 1.38 0.169 NA NA

N: number of studies; RR: relative risk; Z: statistic; PASI: Psoriasis Area and Severity Index; RIS: Risankizumab; TIL: Tildrakizumab; GUS: Guselkumab; sPGA: static
Physician's Global Assessment; AE: adverse event; SAE: serious adverse event; NA: not available.

positions. Guselkumab was likely the most efficacious treatments, and
risankizumab may be better tolerated than the others. The evaluation of
inconsistency showed there was a cycle (RIS-UST-PBO) and the 95% CI
of its inconsistent factor included 0, indicated there was no significant
inconsistency between the direct and indirect results of this study. The
DIC in fixed-effect and randomized-effect method were very close,
suggested the results were stable.

3.3. Subgroup analysis

In the subgroups of different drugs and time of follow-up, the PASI75
of the IL-23p19 inhibitors group was significantly higher than the pla-
cebo group (all P < 0.05) (Table 2). Meanwhile, the probability of sSPGA
0/1 in patients treated with IL-23p19 inhibitor was significantly higher
in all subgroups than in placebo-treated patients, with the exception of
the group of 24 weeks. The incidence of AEs was lower than placebo in
subgroups of tildrakizumab (RR = 0.896, 95% CI = 0.822 to 0.977) and
the time of follow-up of 12weeks (RR = 0.890, 95% CI = 0.807 to
0.981). Furthermore, the incidence of SAEs was not significantly dif-
ferent in disparate subgroups (all P > 0.05).

3.4. Meta-regression analysis

To further identify possible sources of heterogeneity, meta-regression
analysis was performed by publication year, drugs, number of patients,
male ratio, white ratio, time of follow-up, biologic agents and PsA. The

results indicated that none of these factors were significantly associated
with the parameters of efficacy and safety (all P > 0.05) (Table 3).

3.5. Sensitivity analysis and publication bias

The results in Fig. S3 showed that no matter which study was
omitted, the overall statistical significance does not change, indicating
that our results were statistically robust. The results of funnel plot were
visually showed in Fig. S4. Egger's and Begg's test did not detect sig-
nificant publication bias across the included studies in PASI75, AEs and
SAEs (P > 0.05, the Data not shown). Meanwhile, Begg's test did not
find significant publication bias in SPGA 0/1 (P > 0.05), but Egger's test
detected significant publication bias (P = 0.023). The possible reasons
may be the insufficient study numbers and inconsistent drug dose.

4. Discussion

Recently, immune factors involved in the occurrence, development
and maintenance of psoriasis have been widely accepted. Meanwhile,
studies have reported that psoriasis lesions were the result of interaction
between various maladjusted cytokines in the innate and adaptive im-
mune systems and resident skin cells [1]. An animal study showed that
the intervention of IL-23 in susceptible mice could lead to psoriasis-like
lesions, and IL-23 expression was elevated in the human psoriasis tissue
[25-27], which further testifies that IL-23 may be a pathogenic factor of
human psoriasis. In the diagnosis and evaluation of psoriasis, PASI
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Table 3
Meta-regression analysis coefficients for efficacy and safety in plaque psoriasis.

Indices Variables Tau-squared Coefficient (SE) 95% CI P

PASI75 Publication year < 0.0001 —0.0821(0.1099) [—-0.3196, 0.1555] 0.469
RIS < 0.0001 —0.2114(0.2734) [—0.8071, 0.3844] 0.454
TIL < 0.0001 —0.0677(0.2221) [—0.5516, 0.4162] 0.766
N < 0.0001 —0.0001(0.0006) [—0.0014, 0.0011] 0.810
Male N(%) < 0.0001 0.0113(0.0288) [-0.0511, 0.0736] 0.703
White N(%) < 0.0001 0.048(0.0101) [—0.0174, 0.0270] 0.643
Time of follow-up < 0.0001 0.0100(0.0461) [—0.0895, 0.1096] 0.831
Biologic agents < 0.0001 —0.0032(0.0116) [—0.0292, 0.0227] 0.787
PsA < 0.0001 —0.0188(0.0247) [-0.0773, 0.0397] 0.472

sPGA 0/1 Publication year < 0.0001 —0.0185(0.1289) [—0.3057, 0.2686] 0.888
RIS < 0.0001 0.1744(0.3062) [—0.5184, 0.8672] 0.583
TIL < 0.0001 —0.0471(0.2231) [—0.5518, 0.4575] 0.837
N < 0.0001 —0.0006(0.0006) [—0.0019, 0.0008] 0.389
Male N(%) < 0.0001 0.0404(0.0308) [—-0.0281, 0.1091] 0.218
White N(%) < 0.0001 0.0071(0.0112) [—0.0183, 0.0326] 0.541
Time of follow-up < 0.0001 0.0419(0.0494) [—0.0682, 0.1521] 0.416
Biologic agents < 0.0001 0.0054(0.0143) [—0.0270, 0.0377] 0.717
PsA < 0.0001 0.0117(0.0279) [—0.0601, 0.0836] 0.692

AE Publication year < 0.0001 —0.0091(0.0320) [—0.0788, 0.0605] 0.780
RIS < 0.0001 —0.0842(0.0948) [—0.2929, 0.1244] 0.393
TIL < 0.0001 —0.1270(0.0704) [—-0.2819, 0.0280] 0.099
N < 0.0001 0.0003(0.0002) [—0.0001, 0.0008] 0.165
Male N(%) < 0.0001 —0.0078(0.0071) [—0.0234, 0.0077] 0.294
White N(%) < 0.0001 —0.0036(0.0032) [—0.0108, 0.0036] 0.290
Time of follow-up < 0.0001 0.0080(0.0123) [—0.0187, 0.0347] 0.525
Biologic agents < 0.0001 —0.0041(0.0037) [—0.0042, 0.0125] 0.294
PsA < 0.0001 —0.0026(0.0089) [—0.0237, 0.0184] 0.776

SAE Publication year < 0.0001 —0.0414(0.2132) [-0.5107, 0.4278] 0.850
RIS < 0.0001 —0.7331(0.5718) [—2.0070, 0.5409] 0.229
TIL < 0.0001 —0.0252(0.5587) [—1.2700, 1.2196] 0.965
N < 0.0001 0.0114(0.0011) [—-0.0011, 0.0039] 0.241
Male N(%) < 0.0001 —0.0829(0.0590) [—0.2129, 0.0470] 0.188
White N(%) 0.0460 —0.0271(0.0232) [—0.0788, 0.0246] 0.270
Time of follow-up < 0.0001 —0.0676(0.0609) [—0.2017, 0.0666] 0.291
Biologic agents < 0.0001 —0.0003(0.0261) [—0.0578, 0.0584] 0.991
PsA < 0.0001 —0.0721(0.0584) [-0.2150, 0.0707] 0.263

PASTI: Psoriasis Area and Severity Index; RIS: Risankizumab; TIL: Tildrakizumab; GUS: Guselkumab; sPGA: static Physician's Global Assessment; AE: adverse event;
SAE: serious adverse event; N: number of patients; PsA: Psoriatic arthritis; NA: not available.

response and sPGA are the most commonly used. The Psoriasis Area and
Severity Index (PASI) score has been used to quantify disease severity of
erythema, infiltration or thickness, scaling and the extent of lesions in
patients [1]. Meanwhile, static psoriasis global assessment (SPGA) was
also used to assess the severity of the condition. In this meta-analysis, the
above two indicators were used as the main efficacy indicators, and AEs
and SAEs as the main safety indicators to comprehensively analyze and
compare the efficacy and safety of IL-23p19 inhibitors.

The results indicated significant positive benefits for the IL-23p19
inhibitor (risankizumab, tildrakizumab and guselkumab) on the PASI
response and sPGA 0/1 compared with placebo and active control. It
was consistent with the conclusions of several reviews [28-31], but was
inconsistent with the results of some studies in part indexes [14,15,24].
The reason for the inconsistency may be that the sample size of the
three studies is small (< 30) and the representativeness is insufficient,
which is also the main footing for this meta-analysis. The incidence of
adverse events and serious adverse events was not significantly dif-
ferent between the groups, but there was an increased incidence rate of
infections. According to the existing research reports, the infection
caused by treatment has not evolved into a serious infection or other
serious adverse events. The possible reasons for the increase of infection
rate are the potential infection before treatment and the short follow-up
time, so the specific reasons need to be further studied. The results of
comprehensive comparison showed that guselkumab was likely the
most efficacious treatments, and risankizumab may be better tolerated
than the others. In previous studies, IL-23p19 inhibitors have not been
directly compared, and the results of this study may provide some in-
direct evidence for clinical application. But the conclusion still needs to
be verified by randomized controlled trials with a lager sample size.

Adalimumab is a biological agent targeted at TNF-a, which has been
proved to have good efficacy in other autoimmune diseases. Although its
efficacy in psoriasis is better than placebo, it is unknown compared with IL-
23p19 inhibitor. The results of this meta-analysis showed IL-23p19 in-
hibitor, guselkumab, had superior efficacy to adalimumab in the achieve-
ment of PASI response and DLQI 0/1, with a similar incidence rate of safety
indicators (AEs, SAEs, infections and discontinued owing to AEs). Studies
have shown that IL-23 was associated with TNF-a production and biological
effects [9-11]. Combined with the above conclusion, IL-23 may play a more
pivotal role in the pathogenesis of psoriasis than TNF-a, but this conjecture
requires larger RCTs and more basic mechanism researches to verify.

Ustekinumab targeting at p40 subunit of IL-23/IL-12 is the most
studied therapeutic drug targeting IL-23/-17 axis, and has shown ex-
cellent efficacy and safety in treatment of psoriasis [9,32,33]. In this
study, risankizumab showed superior efficacy to ustekinumab, as evi-
denced by the achievement of PASI response and sPGA 0/1, and was as
well tolerated as ustekinumab. It is well known that the target of both
drugs is IL-23, the only difference is that risankizumab targets at p19
and ustekinumab targets at p40, and ustekinumab both inhibit IL-23
and IL-12. An animal study has shown that IL-12 may inhibit the de-
velopment of skin inflammation and have an anti-psoriasis effect [34].
Based on this result, we speculated that the possibility for this differ-
ence may be the indirect inhibition of IL-12 by p40-targeted inhibitors,
which may inhibit the improvement of psoriasis. The other possible
causes needed to explore by further institutional studies.

There was publication bias in the Egger's test of sPGA 0/1, but there
was no publication bias in the Begg's test, the results were inconsistent.
The possible reasons include the small size of studies included and the
differences between different statistical methods. Additionally, a
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comprehensive comparison of multiple indicators was conducted in this
meta-analysis, it would not affect the overall effect of this meta. Any
comparison and analysis about brazikumab and mirikizumab could not be
done because the RCTs about them have not been done or published by
retrieving in ClinicalTrials.gov. At the same time, there are many studies
on risankizumab or guselkumab under way or not published. In the future,
we will further include these studies and increase the number of studies, so
as to obtain more stable and accurate conclusions. In addition, because of
the lack of relevant researches, this study did not compare IL-23 inhibitors
with secukinumab, an IL-17 inhibitor. But there are two RCTS evaluating
the comparative efficacy of guselkumab and secukinumab are currently
ongoing, the findings will provide direct evidence.

There are several limitations in this study. First, we have excluded the
articles of no full text, no declared and conference abstract, which may
bias the authentic result. Second, the small number of studies and the
doses were not exactly the same in different studies, the above reasons
may affect the overall results. Finally, some of the studies enrolled had
small samples, which could give rise to a lower statistical power.

5. Conclusion

This meta-analysis showed that IL-23p19 blockers had good efficacy
and safety in patients with plaque psoriasis, and had a better efficacy than
other types of inhibitors (adalimumab, ustekinumab) without other ad-
verse events. Among three IL-23p19 blockers, guselkumab was the most
efficacious treatments, and risankizumab was better tolerated than the
others. But long-term safety and the maintenance of efficacy remains to
be determined, future studies should focus more on long-term follow-up.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.intimp.2019.105841.
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