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Background. Biological agents used to treat moderate-to-severe plaque psoriasis have been associated with Candida infection and
other serious infections. It is, however, necessary to verify whether biologic agents increase the risk of Candida infection and
serious infections and whether these risks vary among biologics. Methods. PubMed, EMBASE, and Cochrane Library were
searched for eligible randomized controlled trials (RCTs) from their inception to December 2021. Results from individual RCT
were pooled using Peto’s method with a fixed-effects model, and I2 was calculated to assess the heterogeneity. A Cochrane
collaboration tool was used to examine bias risk, and Grades of Recommendation, Assessment, Development, and Evaluation
(GRADE) were used to assess the quality of evidence. Results. 3is study included 48 published articles with data from 52 RCTs
involving 27297 participants. 3e anti-interleukin (IL)-17 agents (95% confidence interval (CI)� 1.54–3.45, P< 0.0001) and anti-
IL-12/23 agents (95% CI� 1.69–3.83, P< 0.0001) were associated with an increased risk of Candida infection compared with
placebos, but there was no difference in Candida infection risk between anti-IL-17 agents and tumor necrosis factor inhibitors
(TNFi) (95% CI� 0.92–3.07, P � 0.09). 3ere was no evidence that the biological agents increased the risk of serious infections in
adult psoriasis (95% CI� 0.93–2.06, P � 0.11) or that the biologics differed in the risk of serious infections. Conclusions. Our
results indicated that anti-IL-17 agents, especially secukinumab, were associated with the increased risk of Candida infection. 3e
clinically used biological agents did not increase the risk of serious infections.

1. Introduction

Psoriasis is a common, easy-to-relapse, chronic inflamma-
tory skin disorder, affecting approximately 2% of the general
population, with significant morbidity and a long course
[1, 2]. Most patients with psoriasis suffer from chronic
plaque psoriasis, which accounts for 80%–90% of all cases
[3]. Psoriasis is not only manifested by cutaneous symptoms
but also associated with a high risk of other diseases [4], such
as psoriatic arthritis, cardiovascular disease, insulin resis-
tance, and mental health disorders, thus causing a severe
burden to patients and society [5].

Psoriasis was originally thought as a keratinocyte-driven
autoinflammatory condition given the dysfunctional

proliferation of keratinocytes. Nevertheless, research con-
ducted in the 1970s identified a significant role for T cells,
emphasizing their role in autoimmunity [3]. 3e interleukin
(IL)-17/tumor necrosis factor-α (TNFα)/IL-23 axis is cur-
rently considered to be crucial in the pathogenesis of pso-
riasis [6]. 3e traditional systemic treatment of psoriasis
does not significantly clear skin lesions and has many serious
side effects [1]. All these drawbacks sought for biologics that
target the inflammatory factors involved in the disorder.3e
use of biological agents including anti-inflammatory agents
has revolutionized the management of psoriasis. 3ree main
classes of biologic agents are used in routine clinical practice,
including TNF inhibitors (TNFi, such as adalimumab,
infliximab, and etanercept); anti-IL-12/23 agents (such as
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ustekinumab and guselkumab); and anti-IL-17 agents (such
as secukinumab, ixekizumab, and brodalumab).

In spite of their efficacy [7, 8], these agents have been
shown to increase the risk of Candida infection and serious
infections [9, 10] due to the inhibition of the critical cytokine
pathways involved in the immune system [11–15], which led
to their discontinuation [16]. Patients suffering from Can-
dida infections may also experience itching and pain, which
negatively impact their quality of life. Based on the previous
meta-analysis including randomized controlled trials (RCTs)
and prospective cohort studies, neither an increased risk of
serious infections nor a differential risk of serious infections
was identified among the biological therapies in adults with
psoriasis [17]. Moreover, clinical studies show that anti-IL-
12/23 agents are associated with a lower risk of serious
infections than TNFi and anti-IL-17 agents [9]. Despite this,
recent clinical trials have shown contradictory results,
making conclusion difficult. Consequently, there is still
uncertainty regarding the risk of the use of different bio-
logics. In spite of numerous reports of candidiasis in patients
taking anti-IL-17 agents, the literature describes this com-
plication with ambiguity. Yet, a review reported that 1.4%–
13.5% of patients treated with secukinumab, 0.3%–7% with
brodalumab, and 0%–3.5% with ixekizumab developed
Candida infection [18]. To the best of our knowledge, no
meta-analysis has assessed the risk of Candida infection in
patients with psoriasis who received these biologics.

3e risk of Candida infection and serious infections in
patients receiving these biological therapies needs to be
evaluated in an updated manner. Based on currently
available publications, this systematic review and meta-
analysis intended to review RCTs that enrolled adults with
moderate-to-severe plaque psoriasis to determine the risk of
Candida infection and serious infections among these bi-
ological therapies against placebos or conventional systemic
therapeutics. When possible, the difference in infection risk
between biological agents was also explored.

2. Methods

2.1. Search Strategy and Study Identification. 3is study
followed the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) reporting guidelines.
3e PubMed, EMBASE, and Cochrane Library databases
were searched for all studies from their inception to De-
cember 2021. 3e English keywords used in this study were
“Psoriasis,” “Adalimumab,” “Infliximab,” “Etanercept,”
“Ustekinumab,” “Guselkumab,” “Secukinumab,” “Ixekizu-
mab,” “Brodalumab,” and “Randomized controlled trial.”
Only studies on humans published in English were con-
sidered for meta-analysis. In addition, articles from the
reference list were manually searched and reviewed. We
were not blinded to authors, institutions, and journals while
selecting trials or extracting the data.

2.2. Inclusion and Exclusion Criteria. 3e study included in
the meta-analysis should meet the following criteria: (1)
patient baseline characteristics were similar (Supplementary

Table 2); (2) patients were ≥18 years old and had moderate-
to-severe plaque psoriasis; (3) study design was RCT; (4) the
reported outcomes included Candida infection in patients
receiving anti-IL-17 agents and other biologic agents and
serious infections in patients receiving at least one licensed
biological agent; (5) the control group included at least one
of the following therapies: another biological agent or
conventional systematic therapy or placebo.

Abstracts, letters, editorials and experts’ opinions, re-
views without original data, case reports, and studies without
control groups were excluded from the analysis. Further-
more, the following studies were excluded: studies with a
total sample size of less than 50 or a group sample size of less
than 25; the percentage of patients who had psoriatic ar-
thritis of more than 50%; and studies with no clear reported
outcomes of interest.

2.3.DataExtraction. 3e titles, abstracts, and full texts of the
retrieved articles were reviewed to screen out the studies that
met the inclusion criteria. 3e data were then extracted from
the eligible studies. Two investigators performed all pro-
cedures independently, and other investigators provided
suggestions if disagreements occurred.

3e recorded data included the trial comparisons, study
features, characteristics of participants, interventions, and
significant outcomes. All relevant texts, tables, and figures
were also assessed for data extraction. For multiple reports
from the same RCT, all data were collated into a single
report. For different doses of one biological agent from the
same RCT, we considered the number of participants as the
number of experimental groups. Whenever treatment
schemes were switched and extended in RCTs (for instance,
patients who were initially treated with a biological drug and
subsequently switched to another biological drug), only
significant outcomes were recorded before switching.

2.4. Quality Assessment. 3e risk of bias in the included
articles was assessed by two independent investigators using
the Cochrane collaboration tool [19]. 3e following pro-
cesses were assessed for bias: sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessors, analyzing incomplete out-
come data, selective outcome reporting, and examining
other potential biases. Consequently, the risk of bias was
classified as high, low, or unclear.

Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE) were used to assess the quality of
evidence using GRADEpro software (version 3.6) [20]. On
the basis of study design, risk of bias, inconsistency, indi-
rectness, precision, publication bias, and other factors, the
evidence quality was ranked as high, moderate, low, or very
low.

2.5. Statistical Analysis. 3e number of total participants
with Candida infection or serious infections in each study
was extracted. Peto’ odds ratio (OR) provided the least
biased estimates for lower simulated event rates [21]. 3us,
Peto’s method was used, and the 95% confidence interval
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(CI) was determined. 3e heterogeneity among studies was
assessed using the chi-squared (χ2) and I2 statistics. 3e
presence of heterogeneity was considered if I2 was >50%. If
I2 was <50% and the P value was >0.1, it was considered that
the studies had no overall heterogeneity and a fixed-effect
model was used. Otherwise, a random-effect model was
applied to combine the extracted data using ReviewManager
v.5.3 (the Cochrane collaboration). A funnel plot was used to
detect the potential publication bias. 3ere were some
studies related to more than one result, so they were in-
cluded in more than one forest plot. A P value of <0.05 was
considered significant. A sensitivity analysis was performed
using the Mantel–Haenszel risk difference to add robustness
to the results.

3. Results

3.1. Description of Studies. A total of 2148 published articles
in English were initially identified after a systematic literature
search. Finally, 48 published articles [22–69] with data from
52 RCTs involving 27297 participants were included in this
meta-analysis after meticulous reviewing (Figure 1). 3e
following information, if available, for each RCT were
recorded: the first author and published year of RCTs, the
registration name and number of RCTs, the countries and the
clinical centers where RCTs were conducted, the length of
randomized controlled phase, the basic characteristics of
enrolled patients, the proportion of patients with psoriatic
arthritis, the Psoriasis Area and Severity Index (PASI) score,
the diagnostic criteria for moderate-to-severe psoriasis, and
the recent history of serious infections (Supplementary
Table 2).

3ere were 51 RCTs [22–63, 65–69] that reported the
number of serious infections, with 10 RCTs (19.6%)

[31, 32, 36, 39, 40, 43, 46, 56, 57, 66] that had no serious
infection in either study arm. Eighteen RCTs (34.6%)
[44, 47–55, 64, 65, 67–69] provided the number of patients
who developed Candida infection. 3e randomized con-
trolled phase lasted 12–52 weeks in all RCTs.

4. Meta-Analysis

4.1. Evidence of Candida Infection. In 18 RCTs
[44, 47–55, 64, 65, 67–69], anti-IL-17 agents were compared
with placebo, anti-IL-12/23 agents, or TNFi and the number
of patients with Candida infection was reported. Studies that
compared TNFi or anti-IL-12/23 agents with placebo were
too few to determine whether they were associated with an
increased risk of Candida infection, and therefore, they were
not included in the present meta-analysis.

4.1.1. Comparison of Anti-IL-17 Agents with Placebos.
3ere were 11 RCTs that administrated anti-IL-17 agents
and placebos [44, 48, 49, 51–55, 67] and reported a Candida
infection rate of 1.53% in the anti-IL-17 agent arm (with a
total of 7387 patients, including 2030 cases treated
with secukinumab, 2328 cases treated with ixekizumab, and
3029 cases treated with brodalumab) and of 0.53% in the
placebo arm (with a total of 2465 patients). 3e pooled Peto
OR for all ten RCTs was 2.30 (95% CI� 1.54–3.45,
P< 0.0001), showing that anti-IL-17 agents significantly
increased the risk ofCandida infection compared to placebo,
with no evidence of significant heterogeneity (I2 � 0%)
(Figure 2).

Furthermore, a stratified meta-analysis demonstrated
that secukinumab [44, 49, 52, 55, 67] significantly increased
the risk of Candida infection (Peto OR� 3.22, 95%
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Embase (n = 1185)
Cochrane Library (n = 490)

Records after duplicates removed
(n = 1250) 

Records excluded (n = 699)
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Figure 1: PRISMA flowchart of randomized controlled trials (RCTs) included in the analysis.
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CI� 1.79–5.80, P< 0.0001), without significant heteroge-
neity (I2 � 0%) (Figure 2). Only one RCT [51] compared
ixekizumab with placebo and more patients who developed
Candida infections received ixekizumab than placebo (the
Candida infection rate was 0.99% in the ixekizumab arm and
was 0.51% in the placebo arm). No significant difference in
the risk of Candida infection between the brodalumab and
placebo groups was found [48, 53, 54] (Peto OR� 1.66, 95%
CI� 0.80–3.44, P � 0.17), with no evidence of significant
heterogeneity (I2 � 0%) (Figure 2).

4.1.2. Comparison of Anti-IL-17 Agents with Anti-IL-12/23
Agents. Six RCTs [48, 50, 64, 65, 68, 69] evaluated the risk of
Candida infection with anti-IL-17 agents (with a total of
3975 patients, including 846 cases treated with secukinumab,
654 cases treated with ixekizumab, and 2475 cases treated
with brodalumab) in comparison to anti-IL-12/23 agents
(with a total of 2155 patients, including 1115 cases treated
with ustekinumab and 1040 cases treated with guselkumab).
3e reported Candida infection rate was 2.11% in the anti-
IL-17 agent arm and 1.06% in the anti-IL-12/23 agent arm.
3e pooled analysis of these six RCTs indicated that anti-IL-
17 agents significantly increased the risk of Candida in-
fection compared to ustekinumab (Peto OR� 2.44, 95%
CI� 1.40–4.25, P � 0.002) and guselkumab (Peto OR� 2.68,
95% CI� 1.47–4.88, P � 0.001), with no evidence of sig-
nificant heterogeneity (I2 � 0%) (Figure 3).

4.1.3. Comparison of Anti-IL-17 Agents with TNFi. 3ere
were two RCTs [44, 47], including 3246 patients in the anti-
IL-17 agent group (936 cases treated with secukinumab and
2328 cases treated with ixekizumab) and 1063 patients in the
etanercept group, reporting a Candida infection rate of
1.50% in the anti- IL-17 agent arm and 0.85% in the eta-
nercept arm, with no significant difference between these
two arms (Peto OR� 1.68, 95% CI� 0.92–3.07, P � 0.09)
and low heterogeneity (I2 � 34%) (Figure 4).

4.2. Evidence of Serious Infections

4.2.1. Comparison of Biologic Agents with Placebos.
Based on 47 RCTs using placebos and biological agents
[22–33, 35–49, 51–63, 67, 69], there was a risk of serious
infection rate of 0.50% (85/16981) in the biological agent
arm and 0.38% (31/8117) in the placebo arm.3e pooled OR
for all biological agents versus placebo was 1.38 (95%
CI� 0.93–2.06, P � 0.11), with no significant difference in
the risk of serious infection and no evidence of significant
heterogeneity (I2 � 0%) (Figure 5).

On a subgroup analysis, there was no statistically sig-
nificant difference in the risk of serious infection for patients
receiving TNFi (Peto OR� 1.38, 95% CI� 0.77–2.50,
P � 0.28) [22–27, 29, 31–33, 35, 36, 41, 44–47, 56–61], anti-
IL-17 agents (Peto OR� 1.41, 95% CI� 0.72–2.76, P � 0.32)
[39, 40, 42, 44, 48, 49, 51–55, 63, 67], or anti-IL-12/23 agents
(Peto OR� 1.33, 95% CI� 0.55–3.23, P � 0.53)

Study or Subgroup Events Total Events Total
Weight

(%)
Peto Odds Ratio Peto Odds Ratio
Peto, Fixed, 95% CI Year Peto, Fixed, 95% CI

Anti-IL-17 agents Placebo

1.1.1 Secukinumab vs Placebo

1.1.2 Ixekizumab vs Placebo

1.1.3 Brodalumab vs Placebo

Langley et.al.,2014 FIXTURE (SEC)
Langley et.al.,2014 ERASURE (SEC)

Gottlieb et.al.,2016
Paul et.al.,2015

Bagel et.al.,2017
Stebut et.al.,2019
Subtotal (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Total (95% CI)

Total events

Total events

Total events

Heterogeneity: Chi2 = 3.00, df = 5 (P = 0.70); I2 = 0%
Test for overall effect: Z = 3.91 (P < 0.0001)

Test for overall effect: Z = 1.26 (P < 0.021)

Gordon et.al.,2016

Heterogeneity: Not applicable

Lebwohl et.al.,2015 AMAGINE-2 (BRO)
Lebwohl et.al.,2015 AMAGINE-3 (BRO)
Nakagawa et.al.,2016
Papp et.al.,2016

Heterogeneity: Chi2 = 0.80, df = 3 (P = 0.85); I2 = 0%
Test for overall effect: Z = 1.37 (P = 0.17)

Heterogeneity: Chi2 = 6.21, df = 10 (P = 0.80); I2 = 0%

Test for subgroup differences: Chi2 = 2.41, df = 2 (P = 0.30); I2 = 17.0%
Test for overall effect: Z = 4.04 (P = 0.0001)
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Figure 2: Forest plot of pooled data regarding Candida infections between anti-interleukin (IL)-17 agents and placebos. CI, confidence
interval.
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[28, 30, 37, 38, 43, 46, 48, 56, 58, 62, 69], compared to
placebo. No evidence of significant heterogeneity was found
across different biological agents (I2 � 8% for ustekinumab,
I2 � 37% for etanercept, and I2 � 0% for all other biologic
agents) (Supplementary Figure 1).

4.2.2. Comparison between Biological Agents. A total of 11
RCTs assessed the risk of serious infection between bio-
logical agents, of which two RCTs compared anti-IL-17
agents and TNFi (Peto OR� 0.99, 95% CI� 0.42–2.34,
P � 0.98) [44, 47], five RCTs compared anti-IL-17 agents
and anti-IL-12/23 agents (Peto OR� 0.95, 95%
CI� 0.44–2.05, P � 0.90) [48, 50, 65, 68], and four RCTs
compared anti-IL-12/23 agents and TNFi (Peto OR� 1.67,
95% CI� 0.63–4.42, P � 0.31) [34, 46, 56, 58]. No significant
difference in the risk of serious infection and no evidence of
significant heterogeneity (I2 � 0% for both comparisons)
were found (Supplementary Figure 2).

4.2.3. Comparison of Biological Agents with Methotrexate
(MTX). Two RCTs [31, 66] assessed the difference in the risk
of serious infections between biological agents and meth-
otrexate. However, no serious infection events occurred in
any of the treatment arms.

4.3. Risk of Bias Assessment and Sensitivity Analysis. 3e bias
risk of the included RCTs was critically assessed using the
Cochrane collaboration tool. We found that 45 RCTs
(86.53%) described the methods of patient randomization,
44 RCTs (84.61%) reported concealment of allocation, 40
RCTs (76.92%) described blinding of participants and per-
sonnel, and 31 RCTs (59.61%) mentioned about an assessor
of outcomes. Incomplete outcome data were well balanced in
49 RCTs (94.23%). Selective outcome reporting and other
sources of bias were not identified in 38 RCTs (73.08%) and
31 RCTs (59.61%), respectively (Supplementary Table 3).

Evidence quality was ranked between high and very low
using GRADEpro software. It was downgraded due to bias,
imprecision, and other factors (Supplementary Table 4 and
Table 5).

3e sensitivity of meta-analysis using the
Mantel–Haenszel methods found similar results for all
comparisons.

5. Discussion

Although the use of biologics has improved the prognosis of
patients with psoriasis, the biological agents have been as-
sociated with the risk of Candida infection and other serious
infections [9], which led to treatment discontinuation [16].

Study or Subgroup Events
Anti-IL-17 agents Anti-IL-12/23 agents

Total Events Total
Peto Odds Ratio Peto Odds Ratio
Peto, Fixed, 95% CI Peto, Fixed, 95% CI

2.1.1 Anti-IL-17 agents vs Ustekinumab
Lebwohl et.al.,2015 AMAGINE-2 (BRO)
Lebwohl et.al.,2015 AMAGINE-3 (BRO)
Paul et.al.,2019
Thaci et.al.,2015
Subtotal (95% CI)

Total (95% CI)

Total events

Total events

Heterogeneity: Chi2 = 1.71, df = 3 (P = 0.63); I2 = 0%
Test for overall effect: Z = 3.16 (P = 0.002)

Heterogeneity: Chi2 = 0.80, df = 1 (P = 0.37); I2 = 0%
Test for overall effect: Z = 3.20 (P = 0.001)

Heterogeneity: Chi2 = 2.56, df = 5 (P = 0.77); I2 = 0%
Test for overall effect: Z = 4.49 (P = 0.00001)
Test for subgroup differences Chi2 = 0.05, df = 1 (P = 0.83); I2 = 0%

2.1.2 Anti-IL-17 agents vs Guselkumab
Blauvelt et.al.,2010
Reich et.al.,2019
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Total events
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Figure 3: Forest plot of pooled data regarding Candida infections between anti-interleukin (IL)-17 agents and anti-IL-12/23 agents. CI,
confidence interval.

Study or Subgroup
Griffiths et.al.,2015
Langley et.al.,2014

Total (95% CI)
Total events
Heterogeneity: Chi2 = 1.51, df = 1 (P = 0.22); I2 = 34%
Test for overall effect: Z = 1.70 (P = 0.09)
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Figure 4: Forest plot of pooled data regarding Candida infections between anti-interleukin (IL)-17 agents and tumor necrosis factor
inhibitors (TNFi). CI, confidence interval.

International Journal of Clinical Practice 5



Despite reviews of RCTs with meta-analyses and real-world
data, evidence of risk remains uncertain, and whether risk
varies among biological agents remains to be determined. To
date, no systematic review with meta-analysis has been
conducted to determine the risk of Candida infection in
moderate-to-severe plaque psoriatic patients receiving bi-
ologics. 3is systematic review and meta-analysis provided
an up-to-date synthesis of the published evidence relevant to
the risk of Candida infection or serious infection related to
the biologics in adult patients with moderate-to-severe
plaque psoriasis.

3is systematic review and meta-analysis included 48
published articles that consisted of data from 52 RCTs. 3e

pooled analysis of 11 RCTs using placebos and anti-IL-17
agents showed that anti-IL-17 agents significantly increased
the risk ofCandida infection compared with placebos without
significant heterogeneity. Previously,Candida infections were
most commonly found in the oral cavity and vulvovaginal
mucosal surfaces, with only one ear infection reported. In a
separate analysis, we found that secukinumab, but not ixe-
kizumab or brodalumab, significantly increased the risk of
Candida infection. 3e incidence of Candida infection was
0.83%–5.08% for secukinumab, 0.99% for brodalumab, and
0.88%–1.47% for ixekizumab. Additionally, we found that
anti-IL-17 agents were associated with a significantly higher
risk of Candida infection than anti-IL-12/23 agents. 3ere is

Study or Subgroup
Gottlieb et.al.,2003
Gottlieb et.al.,2004
Reich et.al.,2005
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Figure 5: Forest plot of pooled data regarding serious infections between biological agents and placebos. CI, confidence interval.
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evidence that IL-17 plays a significant role in preventing
Candida infection in the skin and mucous membrane [70],
and a higher risk of Candida infection is therefore expected in
patients treated with anti-IL-17 agents. Furthermore, a
previous meta-analysis found that patients with psoriasis had
significantly higher Candida species colonization than con-
trols [71]. Hence, patients with psoriasis are more likely to get
Candida infection. In patients with psoriasis, anti-IL-17
agents, but not anti-IL-12/23 agents, may have significantly
increased the risk of Candida infection. Although the anti-IL-
17 agents increase the risk of Candida infection compared
with the TNFi (etanercept), the difference was not statistically
significant, which might have been due to the limited number
of RCTs included in the analysis.

Our results highlighted the need of monitoring Candida
infection in patients taking anti-IL-17 treatment. 3erefore,
we recommended that patients receiving biological agents,
especially anti-IL-17, should pay closer attention to their
symptoms and signs. It is important to document the sites
and characteristics of the skin or mucosal lesion when
Candida infection is highly suspected. 3e anti-Candida
agents might be considered in the management of these
patients. In most RCTs, the Candida infection was reported
to be mild to moderate and anti-IL-17 agents were not
discontinued, but details on how the diagnosis of Candida
infection was made were lacking. For oropharyngeal and
vulvovaginal candidiasis, the diagnosis is largely clinical. It is
based on recognition of the white plaques that are typically
easily scraped off and can be confirmed by a microscopic
analysis using potassium hydroxide or fungal culture.
However, a consensus on how to diagnose and treat Candida
infection should be standardized for clinical application
through future clinical research [72].

Although the present systematic review and meta-
analysis included more recently published RCTs involving
new biologics (ixekizumab, brodalumab, and guselkumab)
with the large sample size, there was no significant difference
between biologic agents versus placebos or among biologic
agents in adult patients with moderate-to-severe psoriasis
relative to serious infection risk. 3ese outcomes were
similar to the previously published review and meta-analysis
[17]. 3eoretically, due to the inhibition of immune system
cytokine pathways during biological therapy, a higher in-
cidence of serious infections may have been seen [11–15].
Most of the RCTs included in the meta-analysis were funded
by the pharmaceutical industry in the implementation and
data analysis stage but not for the writing of the manuscript
and publication stage. 3e definition of “serious infection”
was missing in most of the included articles, which may have
explained the inconsistent incidence of serious infection
among RCTs. More importantly, the length of the ran-
domized controlled phase was 12–16 weeks in most RCTs
(44/52 (84.62%) trials had a range from 12 to 52 weeks), and
this may have led to missing of most consequences of serious
infection which were previously reported to manifest 20–24
weeks after the biological therapy [73].

Nonetheless, several limitations were apparent in this
meta-analysis. First, the sample size in several studies was
relatively small [22, 26, 32, 37, 41, 46, 55, 59, 62, 63, 66],

which may have weakened the power of our conclusion.
Second, the quality of most evidence (except high-quality
evidence for secukinumab versus placebo, moderate-quality
evidence for anti-IL-17 agents versus anti-IL-12/23 agents
for Candida infection, and guselkumab versus placebo for
serious infections) was found to be low or very low. 3ird,
only studies in English were included, which may therefore
have resulted in selection bias. 3ese limitations must be
considered when interpreting the findings of our meta-
analysis.

6. Conclusions

Taken together, the present study suggested that the anti-IL-
17 agents, especially secukinumab, significantly increased
the risk of Candida infection in adults with moderate-to-
severe plaque psoriasis. Moreover, an increase in such risk
was also found in the anti-IL-17 agents compared with the
anti-IL-12/23 agents. No difference in this risk was identified
between the anti-IL-17 agents and TNFi. Furthermore, there
was no evidence that the biological agents increased the risk
of serious infections in adult psoriasis or that the biologics
differed in the risk of serious infections. However, these
results should be interpreted cautiously given the limitation
mentioned above. Moreover, well-designed RCTs with larger
sample sizes and longer follow-ups are still needed in the
future before more robust conclusions can be drawn.
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Supplementary Materials

Table 1: Full search strategy. RCT, randomized controlled
trials; IL, interleukin; TNFi, tumor necrosis factor inhibitors.
Table 2: Characteristics of randomized controlled trials
(RCTs) included in the analysis.3e basic information of the
48 included articles, which contained data from 52 RCTs
with 27297 participants (the first author and published year
of the article; the registration name and number of RCT; the
countries and the clinical centers where RCTs were con-
ducted; the length of randomized controlled phase; the basic
characteristics of the patients who were enrolled; the pro-
portion of patients with psoriatic arthritis; the Psoriasis Area
and Severity Index (PASI) score; the criteria for moderate-
to-severe psoriasis; the recent history of serious infections).
Figure 1: Forest plot of pooled data of biological agents
versus placebo on serious infections. 3ere was no statis-
tically significant difference in the risk of serious infections
for patients receiving tumor necrosis factor inhibitors
(TNFi), anti-interleukin (IL)-17 agents, or anti-IL-12/23
agents, compared to placebo. (a) TNFi vs. placebo; (b) anti-
IL-17 agents vs. placebo; (c) anti-IL-12/23 agents vs. placebo.
CI, confidence interval. Figure 2: Forest plot of pooled data
of biologic agents compared to each other on serious in-
fections. No significant difference in the risk of serious
infection among different biologic agents was detected. (a)
Anti-interleukin (IL)-17 agents vs. tumor necrosis factor
inhibitors (TNFi); (b) anti-IL-17 agents vs. anti-IL-12/23
agents; (c) anti-IL-12/23 agents vs. TNFi. CI, confidence
interval. Table 3: Risk of bias assessment for randomized
controlled trials (RCTs). 3e risk of bias of the articles in-
cluded was assessed by two independent investigators using
the Cochrane collaboration tool. IL, interleukin. Table 4:
Quality of evidence on Candida infections using Grades of
Recommendations Assessment, Development, and Evalua-
tion (GRADE). (a) Anti-interleukin (IL)-17 agents vs. pla-
cebo; (b) anti-IL-17 agents vs. anti-IL-12/23 agents; (c) anti-
IL-17 agents vs. tumor necrosis factor inhibitors (TNFi). OR,
odds ratio. Table 5: Quality of evidence on serious infections
using Grades of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE). (a) Biologics vs. placebo;
(b) tumor necrosis factor inhibitors (TNFi) vs. placebo; (c)
anti-interleukin (IL)-17 agents vs. placebo; (d) anti-IL-12/23
agents vs. placebo; (e) anti-IL-17 agents vs. TNFi; (f ) anti-IL-
17 agents vs. anti-IL-12/23 agents; (g) anti-IL-12/23 agents
vs. TNFi. OR, odds ratio. (Supplementary Materials)
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