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Abstract
Background: Infection events are a major concern for patients and physicians when making 
psoriasis treatment decisions.
Objective: To estimate the relative short-term risks of infection and serious infection for 
biologic and small molecule therapies in the treatment of moderate-to-severe plaque psoriasis 
(PsO) and psoriatic arthritis (PsA).
Data Sources and Methods: A systematic literature search of the PubMed, EMBASE, and 
Web of Science databases was conducted on 17 June 2022. We included phase II, III, or 
IV randomized controlled trials (RCTs) of biologic and small-molecule therapies that are 
licensed or likely to gain approval soon for PsO and PsA, as well as infection data reports. 
Two investigators independently extracted the data based on the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines. Network meta-analysis (NMA) was 
performed to estimate the pooled relative risks (RRs) and corresponding 95% confidence 
intervals of total infections and serious infections for treatments during placebo-controlled 
phases of RCTs. The surface under the cumulative ranking area (SUCRA) was calculated to 
rank the infection risk for each treatment.
Results: A total of 94 RCTs with a total of 19 treatment arms involving 54,369 participants were 
analyzed. For patients with PsO, bimekizumab, secukizumab, risankizumab, ustekinumab, 
apremilast, guselkumab, and adalimumab were associated with significantly higher risks of 
infection than placebo; SUCRA ranked infliximab, deucravacitinib, and bimekizumab with the 
highest risks of infection. For patients with PsA, bimekizumab, apremilast, and upadacitinib 
(30 mg daily) were associated with higher risks of infection; SUCRA ranked bimekizumab 
with the highest risk of infection. No treatments, except for upadacitinib (30 mg daily), were 
associated with a higher risk of serious infection than placebo in PsA.
Conclusion: This NMA provides a comprehensive assessment of the comparative short-term 
risks of infection, which could help physicians and patients to select individualized treatments 
for psoriasis.
Registration: CRD42022359873.
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Introduction
A variety of biologics and small molecules have 
been developed for the treatment of psoriasis and 
psoriatic arthritis (PsA) and can remarkably 
improve patient outcomes.1 However, these treat-
ments directly target cytokines, receptors, cell-
surface molecules, or intracellular signaling 
molecules in the host immune-surveillance sys-
tem that combat invading pathogens; thus, these 
treatments may contribute to an increased risk of 
infection.2–4 Infection is the main adverse event 
(AE) that leads to discontinuation of biologics for 
the treatment of psoriasis5 and serious infections 
are particularly important as they can be life-
threatening, require hospitalization, or result in 
significant sequelae or morbidity.5 Nevertheless, 
the treatments for psoriasis and PsA may be asso-
ciated with different degrees of infection risk, 
depending the immune molecule(s) targeted by 
each biologic or small molecule.

Although some prior randomized controlled trials 
(RCTs) have reported treatment-associated 
infection risks, most of these risk estimates come 
from individual clinical trials that were inade-
quately powered to detect rare serious infection 
events. Moreover, few head-to-head RCTs have 
compared the infection risks between treatments, 
and only two interventions were compared in 
each RCT.6–20 Thus, systemic and comprehen-
sive comparisons of the infection risks of various 
treatments for moderate-to-severe plaque psoria-
sis (PsO) and PsA are lacking. Network meta-
analysis (NMA) can be used to assess the 
comparative risks of multiple different treatments 
in a single analysis through integration of direct 
and indirect evidence within a network of stud-
ies.21 Nevertheless, the majority of previous NMA 
for PsO or PsA mainly analyzed the efficacy of 
treatments in terms of patient outcomes. A small 
number of NMA studies investigated safety out-
comes, but only assessed the overall incidence of 
AE, severe AE, or AE leading to treatment dis-
continuation, rather than the rates of infec-
tion.22,23 No NMA has yet specifically investigated 
the infection risks of different treatments for PsO 
and PsA. Moreover, in recent years, new thera-
pies, such as interleukin (IL)-23 inhibitors, 
IL-17A/F inhibitors, Janus kinase inhibitors, and 
TYK2 inhibitors have rapidly emerged and been 
introduced for the treatment of PsO and PsA. 
However, most NMA only included a small num-
ber of the more recent treatments. Therefore, we 

conducted a systematic review and NMA to com-
pare the risk of infection and serious infection for 
different biologic and small molecule therapies 
among patients with PsO and PsA.

Materials and methods

Search strategy
Based on the preferred reporting items for system-
atic reviews and meta-analysis extension statement 
(PRISMA) criteria (Supplemental Table S1),24 a 
systematic literature review was conducted using 
PubMed, EMBASE, and Web of Science on 17 
June 2022, to identify publications reporting safety 
data from RCTs of biologics and small molecules 
for PsO and PsA. This search and review followed 
an a priori established protocol that was registered 
on the PROSPERO International prospective reg-
ister of systematic reviews (CRD42022359873; 
Supplemental Method S1).

Inclusion and exclusion criteria
The detailed search strategy and search keywords 
are described in Supplemental Table S2. Studies 
were eligible for inclusion in our NMA if they met 
the following criteria: (1) a phase II, III, or IV 
RCT of biological or small-molecule therapies 
that are licensed or under development for treat-
ing adults with PsO or PsA; (2) that report 
detailed data on infection and/or serious infection 
outcomes in each treatment arm at the end of the 
placebo- or comparator-controlled period (seri-
ous infection was defined by the investigators in 
each study); (3) with treatment arms that included 
either at least two biologics/small molecules or 
one biologic/small molecule and placebo; and (4) 
published in English. Studies were excluded if 
they (1) did not report outcomes of interest, such 
as infection or serious infection; (2) only included 
one medication or did not include a relevant com-
parison group for NMA; (3) mainly included 
patients with other forms of psoriasis other than 
psoriasis vulgaris (e.g. pustular, erythrodermic, 
palmoplantar psoriasis, etc.); or (4) were real-
world cohort or registry studies, case reports, 
case–control studies, reviews, meta-analyses, 
meeting abstracts, or case reports. When multiple 
publications included the same study population, 
we only extracted the data from the publication 
with the most recent and comprehensive data. 
The titles, abstracts, and reference lists of the 
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identified studies were independently screened by 
two reviewers (H-YC and Y-HH) to identify 
potentially eligible publications; any disagree-
ments were resolved by discussion. If it was una-
ble to come to an agreement via discussion, the 
decision was reached by incorporating the judge-
ment of a third independent researcher (TSW).

Data extraction and quality assessment
Data were extracted by two authors (H-YC and 
Y-HH) independently using a pre-specified data 
collection table; discrepancies were resolved by 
discussion. The study details extracted were study 
design, publication characteristics, participants’ 
characteristics, interventions and comparators 
studied, follow-up time, and outcomes reported 
(number of patients with infections and serious 
infections). Clinical trial registries were searched 
for supplemental results. The same two authors 
critically appraised the methodologic quality of 
each study using the Cochrane Collaboration 
Risk-of-Bias Instrument.25

Data analysis/statistical analysis
NMA based on the frequentist framework was per-
formed to compare the risks of infection and seri-
ous infection associated with each biologic and 
small molecule therapy for the treatment of PsO 
and PsA. The relative risks (RRs) and Wald type 
95% confidence intervals (CIs) were calculated as 
effect measures to quantify the risks of infection 
and serious infection during the placebo-controlled 
period of the included RCTs to perform multi-
aspect comparisons. As the characteristics of the 
study populations differ between RCTs investigat-
ing treatments for PsO and PsA,15,26,27 our study 
analyzed the risks of infection in PsO and PsA tri-
als separately. Both random-effects and fixed-
effects models were run, and one of these models 
was chosen based on heterogeneity test results in 
this NMA, and the goodness-of-fit was also 
assessed. Studies that reported zero infection 
events or zero serious infection events for treat-
ments were excluded from the analysis. For RCTs 
involving multiple doses of a single medication, we 
grouped all doses in the analysis – except for upa-
dacitinib, as prior RCTs showed that the rates of 
treatment-related AE (including infections, herpes 
zoster, and neutropenia) were higher for the 30 mg 
dose than the 15 mg dose of upadacitinib.18,28–30 
Heterogeneity between studies was assessed using 

I2 statistics (25%, 25–50%, or more than 50% 
indicate low, moderate, or high heterogeneity, 
respectively).31 The consistency between direct 
and indirect evidence within the network analysis 
was evaluated using a node-splitting method.32 We 
also estimated the relative ranking of the risk of the 
different treatments for infection and serious infec-
tion by calculating the surface under the cumula-
tive ranking curves (SUCRA)33 and plotting the 
probability of each rank for these treatments using 
rankograms.33 Larger SUCRA scores indicate a 
higher ranking, which suggests a higher probability 
of developing infection or serious infection. Funnel 
plots and Egger’s tests were conducted to detect 
small-study effects and publication bias.34 All anal-
yses were conducted using the meta (version 5.2-
0) and netmeta (version 2.1-1) packages of R 
statistical software (version 4.1.2) and p < 0.05 was 
considered a significant difference.

Results

Study selection and baseline characteristics
Using the literature searching methods described in 
section ‘Methods’, our searches yielded 850 poten-
tially eligible articles. One hundred and sixty arti-
cles were excluded due to duplication and another 
357 articles were excluded after reviewing the titles 
and abstracts. A total of 85 articles covering 94 
RCTs met the eligibility criteria and were finally 
included in the NMA (Figures 1 and 2). These 
RCTs included a total of 54,369 patients with PsO 
or PsA treated with 14 biologics, five small mole-
cules, or placebo. The detailed characteristics of 
the included RCTs are displayed in Supplemental 
Tables S3 and S4. The network maps are illus-
trated in 2. Overall, the risk of bias for the studies 
included in this NMA was low, as the majority of 
studies were RCTs with a double-blinded design 
(Supplemental Figure S1).

Traditional pair-wise meta-analysis
In the trials for PsO, the RRs with 95% CIs for the 
individual trials and the pooled results are shown 
in Supplemental Table S5. The risks of infection 
were significantly higher for adalimumab, secuki-
numab, apremilast, and ustekinumab than pla-
cebo. Nine other drugs were also associated with 
higher infection risks than placebo; however, these 
differences were not statistically significant. No 
treatments for PsO were associated with a 
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significantly higher risk of serious infection than 
placebo (Supplemental Table S5).

In the trials for PsA, bimekizumab, apremilast, 
and upadacitinib (30 mg daily) were associated 
with significantly higher infection risks than pla-
cebo; the other 14 drugs were not associated with 
higher infection risks (Supplemental Table S5). 
With respect to serious infections in PsA, only 
upadacitinib (30 mg daily) was associated with a 
higher risk compared to placebo (Supplemental 
Table S5).

Results of NMA
For the PsO trials, the NMA revealed that bimeki-
zumab, secukizumab, risankizumab, ustekinumab, 
apremilast, guselkumab, and adalimumab were 
associated with significantly higher infection risks 
than placebo, whereas the other drugs had compa-
rable infection risks to placebo [Figure 3(a)]. 
Statistically significant differences between the 
active treatment comparators were limited to 
secukinumab, which had a higher infection risk 
than etanercept and certolizumab (Supplemental 
Table S6). However, no significant differences in 

Figure 1.  Preferred reporting items for systematic reviews and meta-analyses flowchart of study selection for 
the systemic review and meta-analysis.

https://journals.sagepub.com/home/taj


H-Y Chiu, Y-T Hung et al.

journals.sagepub.com/home/taj	 5

Figure 3.  Forest plots of the risks of infection for various treatments compared with placebo in (a) PsO and (b) PsA. Comparisons are 
plotted in terms of RR and 95% CI.
PsA, psoriatic arthritis; PsO, plaque psoriasis; RR, relative risk.

Figure 2.  Evidence networks generated by NMA to compare eligible biologic and small-molecule therapies for infection events. The 
number of trials comparing each pair of treatments in (a) PsO and (b) PsA is indicated along each individual lines and the width of 
the lines is also proportional to the number of trials comparing the connected treatments.
NMA, Network meta-analysis; PsO, plaque psoriasis.

the risk of serious infection were observed for any 
treatments for PsO compared with placebo.

In the PsA trials, bimekizumab, apremilast, and 
upadacitinib (30 mg daily) were associated with 
significantly higher infection risks compared to 
placebo [Figure 3(b)]. Moreover, upadacitinib 
(30 mg) was associated with a higher risk of 

serious infection than placebo (Supplemental 
Figure S2). Among the active treatment compari-
sons, bimekizumab had a significantly higher 
infection risk than all other treatments, except for 
tildrakizumab (Supplemental Table S7).

The SUCRA analysis of the PsO trials revealed 
that infliximab was ranked as the treatment with 
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the highest risk of infection, followed by deucra-
vacitinib, bimekizumab, and secukinumab; tild-
rakizumab was ranked the treatment with the 
lowest risk of infection (Figure 4 and Supplemental 
Table S8). In the PsA trials, SUCRA ranked 
bimekizumab with the highest risk of infection, 
followed by apremilast, upadacitinib (30 mg 
daily), and ixekizumab (Supplemental Figure S3 
and Table S9).

The local test of loop inconsistency based on node 
splitting did not identify any significant inconsist-
ency within the network for any outcomes 
(Supplemental Tables S10 and S11). The funnel 
plots and Egger’s test indicated no significant pub-
lication bias (Supplemental Figures S4 and S5).

Discussion
Due to the immunosuppressive properties of anti-
psoriatic therapies, a number of studies have eval-
uated the risk of infection among patients with 
psoriasis exposed to biologic and small-molecule 
therapies. However, most studies that assessed 
the safety profiles of multiple anti-psoriatic treat-
ments were observational studies and only evalu-
ated serious infection as an outcome.35,36 A small 
number of studies investigated the overall risk of 
infection or the risk of specific types of infections 
for these targeted therapies, but these analyses 
mostly used various conventional immunosup-
pressive or biological treatments as compara-
tors.4,37 For instance, the BIOBADADERM 
registry study reported a significant increase in 
the overall adjusted risk of infection in the psoria-
sis population treated with tumor necrosis factor-
antagonist drugs (such as infliximab and 
etanercept) compared to the group treated with 
methotrexate.37 Another large cohort study also 
demonstrated a significantly elevated risk of skin 
and soft tissue infection [adjusted hazard ratio 
(aHR), 1.75; 95% CI, 1.19–2.56] among patients 
with psoriasis receiving biologic therapy com-
pared with non-biologics.4 A meta-estimate gen-
erated from the placebo-controlled periods of 
phase III pivotal trials reported a higher risk of 
respiratory tract infections among patients with 
psoriasis receiving IL-17 inhibitors than patients 
receiving placebo (odds ratio, 1.56; 95% CI, 
1.04–2.33).38 A recent systemic review (SR) 
observed an increased risk of candidiasis infec-
tions among patients with psoriasis treated with 
IL-17 inhibitors versus placebo (1.7–4.0% versus 

0.3%, respectively).39 To fill this knowledge gap, 
the results of our SR and NMA suggest that tar-
geted systemic therapies – including bimeki-
zumab, secukizumab, ixekizumab, risankizumab, 
ustekinumab, apremilast, guselkumab, adali-
mumab, upadacitinib, and apremilast – are asso-
ciated with significantly higher risks of infection 
versus placebo in patients with PsO and PsA. 
SUCRA indicated that infliximab, deucravaci-
tinib, and bimekizumab are associated with the 
highest risks of infection, followed by secuki-
numab, among patients with moderate-to-severe 
psoriasis. These findings are in line with data 
from the Psoriasis Longitudinal Assessment and 
Registry (PSOLAR)3 and BIOBADADERM reg-
istry,37 which indicated infliximab leads to the 
highest rate of serious infections. The dual inhibi-
tion of IL-17A and 17F by bimekizumab may 
contribute to its higher risk of infection.40,41 This 
notion is also supported by previous reports that 
bimekizumab is associated with an increased inci-
dence of oral candidiasis compared with other 
IL-17 inhibitors.40,41

Several observational studies have analyzed the 
risk of serious infection related to targeted thera-
pies in patients with psoriasis; however, these 
studies provided inconsistent results. One large 
observational study conducted in the United 
States found that the risk of serious infection was 
slightly higher for biologic therapies compared 
with non-biologics (aHR, 1.31; 95% CI, 1.02–
1.68).4 Analysis of data from the PSOLAR and 
BIOBADADERM registries found that individu-
als with psoriasis prescribed infliximab were more 
likely to develop a serious infection compared to 
patients treated with non-biologic therapy.3,37 
Conversely, two BADBIR registry studies did not 
observe higher rates of serious infection among 
users of adalimumab, etanercept, or ustekinumab 
compared to non-biologic systemic therapies.42,43 
A recent study of data from two large US claims 
databases showed that the rates of serious infec-
tions were not significantly higher among new 
users of adalimumab, infliximab, etanercept, 
ustekinumab, or apremilast than patients taking 
methotrexate for psoriasis.44 Our NMA of a much 
broader range of studies and evidence showed that 
none of these targeted therapies are associated 
with a higher short-term risk of serious infection 
compared with placebo in RCTs. This discrep-
ancy between the results of our NMA and some of 
the prior studies may stem from differences in the 
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study designs, study populations, follow-up dura-
tions and comparators between the included stud-
ies. Most of the prior studies were observational in 
nature and included real-world populations. The 
protocols of these real-world studies could not 
adopt specific eligibility criteria or methods (ran-
dom treatment allocation or a placebo control 
group) that could control for potential confound-
ing factors. Thus, the results of these studies may 
be limited by confounding factors. Confounders 
related to comorbidities, prior therapies, and use 
of immunosuppressants in combination with 
ongoing biologic and small-molecule therapies for 
psoriasis in the real-world setting may have com-
plicated the previous assessments of the risk of 
infection attributable to each specific drug.

Our NMA should be interpreted within the con-
text of the following limitations. First, as the pla-
cebo is switched to an active drug after a 10–16 
week induction period in most RCTs, it is difficult 
to assess the risks of infection related to the tar-
geted therapies versus the placebo using NMA 
beyond this time point. Thus, in this NMA, we 
only quantified the short-term risks of infection 
and serious infection during the placebo-con-
trolled period. The length of follow-up may affect 
the count and risk estimation of infection-related 
AEs. The short-term infection risks of these treat-
ments may not fully represent the long-term risks. 
This NMA is also limited by estimating the risk of 
AEs by using the RR, rather than incidence ratio 
which captures an element of time. Second, as 

Figure 4.  Rankograms of the risks of infection for various interventions in PsO trials. The horizontal axis 
demonstrates ranking; the vertical axis shows the cumulative ranking probability from 0 to 1.
Ada, Adalimumab; Apr, Apremilast; Bim, Bimekizumab; Bro, Brodalumab; Cet, Cetrolizumab; Deu, Deucravacitinib; Eta, 
Etanercept; Gus, Guselkumab; Inf, Infliximab; Ixe, Ixekizumab; Pla, placebo; PsO, plaque psoriasis; Ris, Risankizumab; Sec, 
secukinumab; Til, Tildrakizumab; Ust, Ustekinumab.
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this NMA was based on data from RCTs that 
enrolled patients those are different from hetero-
geneous populations in day-to-day clinical prac-
tice, the generalizability of our results is limited. 
Third, due to data limitations, we could not ana-
lyze the associations between different doses of 
individual therapies and the infection risks, as the 
data for all doses of each therapy (except for upa-
dacitinib) were grouped together.

Conclusion
Based on the available evidence, our NMA indi-
cates that most biologic and small-molecule ther-
apies do not pose an increased short-term risk of 
serious infection in patients with psoriasis, except 
for upadacitinib (30 mg daily) in patients with 
PsA. However, our NMA synthesized data from a 
large number of RCTs and observed differences 
in the risks of infection across the available sys-
temic treatments for psoriasis. Bimekizumab, 
secukizumab, risankizumab, ustekinumab, apre-
milast, guselkumab, and adalimumab were asso-
ciated with higher risks of infection compared to 
placebo in PsO. Moreover, bimekizumab, apre-
milast, and upadacitinib (30 mg daily) were asso-
ciated with higher risks of infection in PsA. 
Infliximab, deucravacitinib, bimekizumab, and 
secukinumab were ranked as the therapies most 
likely to lead to an infectious AE in PsO, whereas 
bimekizumab, apremilast, and upadacitinib 
(30 mg daily) were ranked as the highest infection 
risks in PsA. Clinicians and patients should 
remain vigilant and monitor infections among 
patients taking these therapies for psoriasis. The 
data from this study will help patients and physi-
cians to make more informed, evidence-based 
treatment selections for psoriasis and also provide 
a basis for the development and modification of 
treatment guidelines. Further studies in real-
world settings, national and international regis-
tries, and post-marketing pharmacovigilance may 
provide complementary data to determine the 
generalizability of the findings of our NMA.
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