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IMPORTANCE The comparative benefits and harms of all available treatments for H,
antihistamine-refractory chronic spontaneous urticaria (CSU) have not been established.

OBJECTIVE To evaluate different treatment effects of pharmacologic treatments among
patients with H, antihistamine-refractory CSU.

DATA SOURCES Searches were conducted of MEDLINE, Embase, PubMed, Cochrane Library,
Web of Science, Scopus, and CINAHL from inception to April 19, 2021, with no language
restrictions. Gray literature from Google Scholar, ongoing trial registers, and preprint reports
was added to the searches of electronic databases.

STUDY SELECTION Randomized clinical trials using validated measurement tools that
investigated the benefits and harms of pharmacologic treatments among adolescent or adult
patients with CSU who had an inadequate response to H, antihistamines were screened for
inclusion independently by 2 investigators.

DATA EXTRACTION AND SYNTHESIS Two investigators independently extracted study data
according to the predefined list of interests. A random-effects model was used to calculate
the network estimates reported as standardized mean differences and odds ratios with
corresponding 95% Cls.

MAIN OUTCOMES AND MEASURES The primary outcomes that reflect the patient’s perspective
included changes in urticaria symptoms from baseline and unacceptability of treatment
(all-cause dropouts).

RESULTS Twenty-three randomized clinical trials with 2480 participants that compared 18
different interventions or dosages and placebo were included. The standardized mean
differences for change in urticaria symptoms were -1.05 (95% Cl, -1.37 to -0.73) for
ligelizumab, 72 mg; -1.07 (95% Cl, -1.39 to -0.75) for ligelizumab, 240 mg; -0.77 (95% Cl,
-0.91t0 -0.63) for omalizumab, 300 mg; and -0.59 (95% Cl, -1.10 to -0.08) for
omalizumab, 600 mg. No significant differences in treatment unacceptability were observed.
With respect to benefits and harms, the network estimates illustrated that the most
efficacious treatments were achieved with ligelizumab, 72 or 240 mg (large beneficial effect)
and omalizumab, 300 or 600 mg (moderate beneficial effect).

CONCLUSIONS AND RELEVANCE The findings in this meta-analysis suggest that the biologic
agents ligelizumab, 72 or 240 mg, and omalizumab, 300 or 600 mg, can be recommended as
effective treatments for patients with CSU who have had an inadequate response to H,
antihistamines. Head-to-head trials with high methodologic quality and harmonized design
and outcome definitions are needed to help inform subsequent international guidelines for
the management of CSU.
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hronic spontaneous urticaria (CSU) is the most com-

mon form of chronic urticaria, characterized by recur-

rent hives (wheals) and/or angioedema lasting more
than 6 weeks, without any specific eliciting triggers.! In addi-
tion to disease severity and significant morbidity, CSU can be
challenging, with significant morbidity and impaired health-
related quality of life. Moreover, evidence suggests that CSU
affects patients’ socioeconomic status, particularly with sub-
stantial loss of productivity at school, work, or daily life, due
to the unpredictable nature of the disease.? Despite the wide-
spread use of various effective nonsedating second-
generation H, antihistamines for the management of CSU over
the past decade,® less than half of patients receive adequate
treatment with licensed doses of second-generation H,
antihistamines.*

To date, studies have suggested promising or novel pharma-
cologic therapies for the management of H, antihistamine-
refractory CSU.1>® These different therapies possess anti-
inflammatory, immunosuppressant, immunomodulatory, bio-
logical, and other pharmacologic qualities. However, to our
knowledge, the comparative effectiveness, unacceptability of
treatment, and safety profiles of all available treatments for H;
antihistamine-refractory CSU have not been elucidated. To pro-
vide decision-making information for the pivotal clinical ques-
tion, however, there is a need to establish effective pharmacologic
treatments for H, antihistamine-refractory CSU. Therefore, we
performed a comprehensive systematic review and network
meta-analysis (NMA) of randomized clinical trials that investigated
pharmacologic treatments for H, antihistamine-refractory CSU.
To inform the clinical relevance of contemporary evidence, we
aimed to systematically summarize all available evidence and
compare different treatments that evaluated the effectiveness and
safety profiles of pharmacologic treatments among patients with
CSU that was refractory to treatment with H; antihistamines.

Methods

This systematic review and NMA was performed and is re-
ported following guidance from the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) guideline
for reporting of NMAs.” The prespecified protocol was
registered on PROSPERO (CRD42020196592). Details of the
methods used in this study are provided in eAppendix 1in the
Supplement.

Search Strategy and Study Selection

In brief, we searched electronic databases including MEDLINE,
Embase, PubMed, Cochrane Library, Web of Science, Scopus, and
CINAHL from inception to April 19, 2021, with no language re-
strictions. The full search strategy for each database is
presented in eTable 1 in the Supplement. Gray literature from
Google Scholar, ongoing trial registers, and preprint reports was
added to the searches of electronic databases (eTable 2 in the
Supplement). To identify all relevant articles, reference lists of
included studies, reviews, and major international dermatol-
ogy, allergy, and immunology conferences were also
identified.
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Key Points

Question What are the comparative benefits and harms of all
available pharmacologic treatments for H, antihistamine-
refractory chronic spontaneous urticaria?

Findings In this network meta-analysis of 23 randomized clinical
trials including 2480 participants, the biologic agents ligelizumab,
72 or 240 mg (large beneficial effect), and omalizumab, 300 or
600 mg (moderate beneficial effect), appeared to be effective
treatments for H, antihistamine-refractory chronic spontaneous
urticaria. Alternative treatments with small beneficial effects,
namely, dapsone, hydroxychloroquine, cyclosporine, and
zafirlukast, can be used.

Meaning The findings of this meta-analysis may inform
international guidelines for the management of chronic
spontaneous urticaria that is inadequately controlled with H,
antihistamines and further research in this clinical setting.

Eligible titles and abstracts of articles identified by the sys-
tematic search were screened independently by 2 investiga-
tors (S.N. and M.C.). Then, potentially relevant full-text ar-
ticles were reviewed against the study inclusion and exclusion
criteria for the final set of included studies. We included ran-
domized clinical trials that included adolescent or adult (=12
years) participants who were diagnosed with H, antihistamine-
refractory CSU and used validated measurement tools for treat-
ment assessment with a follow-up of 2 weeks onward (eTable 3
in the Supplement). For the companion trials that comprised
overlapping participants and study periods, relevant informa-
tion was assembled with the study that provided the most de-
tailed information.

Outcomes and Assessment

The primary outcomes were change in urticaria symptoms
(components of pruritus and hives) from baseline and unac-
ceptability of treatment, defined as all-cause study dropouts.
The secondary outcomes included (1) change in pruritus se-
verity score from baseline, (2) change in hives severity score
from baseline, (3) adverse events, and (4) serious adverse
events.

We preferred to use the urticaria activity score over 7 days
as the parameter for the urticaria symptom responses as per
the 2017 joint guideline recommendations from the Euro-
pean Academy of Allergology and Clinical Immunology, Global
Allergy and Asthma European Network, European Dermatol-
ogy Forum, and the World Allergy Organization.! However, if
a different measurement tool was applied, the data were ex-
tracted and weighted according to what was defined by au-
thors of the studies evaluated.

Two investigators (S.N. and M.C.) independently ab-
stracted the following prespecified data on the study and par-
ticipant characteristics, specific intervention and control
groups, and predefined outcomes and measurement tools. The
corresponding author was contacted for clarification in cases
in which the reported information was unclear or incom-
plete. To estimate treatment effects, the mean difference in
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the change in any continuous outcome parameters from base-
line was calculated. In cases in which the correlation coeffi-
cient (p) was not obtained, we anticipated a value of 0.7 for the
correlation coefficient between the baseline and end of treat-
ment follow-up.® We critically appraised the methodologic
quality of each included study using the Cochrane revised tool.®
The overall risk of bias was then classified as low, some con-
cerns, or high.

Two investigators (S.N. and M.C.) independently graded
the evidence certainty using the confidence in NMA along with
the Grading of Recommended Assessment, Development, and
Evaluation (GRADE) approach.®!° The evidence certainty was
categorized as very low, low, moderate, and high quality
(the assessment criteria are provided in eAppendix 2 in the
Supplement).

We further established our findings based on a contextu-
alized approach to inform clinical interpretation in the con-
text of clinical and methodologic viewpoints. We considered
the key components to estimate the effect of the evidence find-
ings, including magnitudes of effect size, evidence certainty,
and surface under the cumulative ranking curve (SUCRA) val-
ues, to draw evidence-based conclusions. To facilitate inter-
pretation of the clinical evidence findings, we then classified
the particular treatment effects by incorporating the dimen-
sions of safety profiles as having trivial (not substantively dif-
ferent from placebo), small, moderate, and large treatment
effects.!!

Statistical Analysis
We conducted a random-effects model framework to incorpo-
rate direct and indirect treatment comparisons, which pro-
vided more conservative results in the estimated treatment ef-
fects. To rank the treatment hierarchy in the NMA, the SUCRA
was calculated for each treatment comparison.'? Higher SU-
CRA scores indicated a higher ranking for effectiveness and un-
desirable treatment. The transitivity assumption in terms of suf-
ficient similarity between the treatment comparisons was
explored. The degree of inconsistency was classified as low
(1? = 0.04), moderate (12 = 0.16), and high (12 = 0.36).1> Assess-
ment of the incoherence assumption was evaluated using aloop-
specific approach, a node-splitting technique, and the design-
by-treatment interaction model.'*'> Potential small-study effects
were investigated using comparison-adjusted funnel plot
symmetry.'? In addition, we calculated the 95% prediction in-
tervals for all NMA estimates, which accounted for a predicted
range for the true treatment effect in an individual study and the
expected uncertainty about the estimate of a future study.'®
We planned to perform a set of subgroup analyses based
on the following effect modifiers: age and sex of study par-
ticipants, definition of refractory CSU, baseline CSU severity,
angioedema status, autologous serum skin test status, study
size, and study treatment period. We also planned to perform
network meta-regression analyses by supplementing other co-
variates as mentioned in the adjusted NMA model. However,
because of limitations in data availability and small sample
sizes, statistical integration of results for the subgroup analy-
sis, as well as the adjustment for covariates in the network
meta-regression, was not possible.
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To address the robustness of the results, a set of sensitiv-
ity analyses was applied based on (1) assuming a p value of 0.5
in cases with missing correlation coefficients for continuous
outcomes,*!” (2) including only trials with parallel group de-
sign, (3) excluding trials with an unclear definition of refrac-
tory to H, antihistamine dosing, and (4) excluding studies with
high overall risk-of-bias assessment.

All outcomes are reported as standardized mean differ-
ences (SMDs) and odds ratios (ORs) with 95% CIs. Two-tailed
Pvalues <.05 were considered statistically significant. All analy-
ses were performed using Stata, version 16.0 (StataCorp LLC).'

|
Results

Twenty-three trials were included in the NMA (eFigure 1in the
Supplement).’®40 These trials investigated 18 different inter-
ventions or dosages and 1 placebo. All possible treatment nodes
for each outcome of interest are illustrated in eFigure 2 in the
Supplement. The characteristics of all included trials are sum-
marized in Table 1; and eTable 4 and eTable 5 in the Supple-
ment. In total, 2480 participants with H,; antihistamine-
refractory CSU were identified, with mean age ranging from
32.2 to 43.8 years. The included trials were conducted in pa-
tients with CSU that was refractory to licensed-dose antihis-
tamines (9 trials?1-:22-24.25.28,32-34.37) yup-dosed (ie, 2- to 4-fold
higher-than-approved doses) antihistamines (10
trials!®-23,26,27,29-31,35,38,39) ' mpijxed cases (1 trial®>®), and un-
clear definition (3 trials'®29:49). A detailed outcome assess-
ment is provided in eTable 6 in the Supplement. Based on the
overall risk-of-bias assessment, 13 trials had a low risk of bias,
10 trials had some concerns, and no trial had a high risk of bias
(eTable 7 and eFigure 3 in the Supplement).

Outcomes

The NMA illustrated that cyclosporine (SMD, -0.83; 95% CI, -1.63
to —0.03), dapsone (SMD, -1.14; 95% CI, -2.06 to —-0.22), hy-
droxychloroquine (SMD, -1.26; 95% CI, -1.85 to —0.66); ligeli-
zumab, 24 mg (SMD, -0.40; 95% CI, -0.77 to —0.02); ligeli-
zumab, 72 mg (SMD, -1.05; 95% CI, -1.37 to -0.73); ligelizumab,
240 mg (SMD, -1.07; 95% CI, -1.39 to —-0.75); omalizumab, 150
mg (SMD, -0.37; 95% CI, —0.55 to -0.19); omalizumab, 300 mg
(SMD, -0.77; 95% CI, -0.91 to —0.63); omalizumab, 600 mg (SMD,
-0.59; 95% CI, -1.10 to —0.08), and zafirlukast (SMD, —0.46; 95%
CI, -0.89 to -0.04) were more efficacious than placebo (Table 2).
Notably, AZD1981 and methotrexate seemed to be less effica-
cious than placebo, and the evidence does not support the ef-
fectiveness of other treatment comparisons.

However, no significant difference among the treatment
comparisons for unacceptability of treatment was observed
(Table 2). According to SUCRA values with respect to the di-
mensions of the effectiveness and unacceptability of treat-
ment, the top-ranked intervention was ligelizumab, 72 mg
(Figure; eFigure 4 in the Supplement). Overall results from pair-
wise analysis did not differ significantly from the findings of
the network estimates, except for the effect of ligelizumab, 24
mg, and omalizumab, 75 mg, on changes in urticaria symp-
toms (eTable 8 and eTable 9 in the Supplement).
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Table 2. League Table of Treatment Response for Urticaria Symptoms (Lower Left Portion, Standardized Mean Differences [95% Cl]) and Unacceptability of Treatment

(Upper Right Portion, Odds Ratio [95% Cl]) for H, Antihistamine-Refractory Chronic Spontaneous Urticaria® (continued)
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versa. For unacceptability of treatment, ORs greater than 1indicate that treatment specified in the column is

omalizumab, 150 mg; Oma300, omalizumab, 300 mg; Oma600, omalizumab, 600 mg; Pla, placebo; Qui,

quilizumab; Zaf, zafirlukast.

more all-cause dropout than that specified in the row. To obtain ORs for comparisons in the opposite direction,

reciprocals should be taken to obtain ORs for comparisons in the opposite direction.

2 Treatment response for urticaria symptoms is shown below and to the left of the drug names across the table,

bStatistically significant.

and unacceptability of treatment is shown above and to the right of the drug names. Network meta-analysis
results are expressed as standardized mean differences (SMDs) (95% Cls) for urticaria symptoms and odds

Comparison of Treatments for H, Antihistamine-Refractory Chronic Spontaneous Urticaria

Figure. Cluster Ranking Plot for Effectiveness and Unacceptability
of Treatment (All-Cause Dropouts) of Pharmacologic Treatments
for Histamine, Antihistamine-Refractory Chronic Spontaneous
Urticaria in Network Meta-analyses

80+

W Miltefosine M Dapsone

01 M Placebo -
Hydroxychloroquine

. B Omalizumab, 150 mg

604 Omalizumab, 75 mg

B m Canakinumab

|
Ligelizumab, 240 mg

All-cause dropouts, SUCRA ranking

50 Azathioprine
B Methotrexate n
B Omalizumab, 300 mg
40 M Cyclosporine
W Zafirlukast
- u

B Quilizumab Ligelizumab, 72 mg

304 M Ligelizumab, 24 mg
W AZD1981 W Omalizumab, 600 mg
20 T T T T T
0 20 40 60 80 100

Change in urticaria symptoms from baseline, SUCRA ranking

For effectiveness, a higher surface under the cumulative ranking curve (SUCRA)
score denotes better treatment for change in urticaria symptoms from baseline.
For unacceptability of treatment, a higher score denotes undesirable treatment
with a higher risk of all-cause dropouts.

For the change in pruritus and hives severity scores from
baseline compared with placebo, network estimates and clus-
ter ranking plot also suggested that ligelizumab, 72 and 240
mg, seem to be the 2 top-ranked interventions (eTable 10 and
eFigure 4 and eFigure 5in the Supplement). Based on the safety
profiles, individuals receiving cyclosporine (OR, 3.45; 95% CI,
1.71-6.97), miltefosine (OR, 3.88; 95% CI, 1.20-12.57), and omali-
zumab, 150 mg (OR, 1.44; 95% CI, 1.02-2.03), experienced a sta-
tistically significantly higher risk of adverse events com-
pared with placebo, but ligelizumab, 24 mg (OR, 0.44; 95% CI,
0.21-0.93), had a protective effect (eTable 11 in the Supple-
ment). However, we did not find any significant differences
among all treatment comparisons for the serious adverse events
outcome (eTable 11in the Supplement). With respect to the SU-
CRA values, cyclosporine was ranked as the top undesirable
treatment, with a higher risk of adverse events and serious ad-
verse events (eFigure 4 and eFigure 6 in the Supplement).

Findings from the pairwise meta-analysis were almost
identical to the network estimates (eTables 12-15in the Supple-
ment), except for the change in pruritus severity (for metho-
trexate), hives severity (for ligelizumab, 24 mg, and omali-
zumab, 75 mg), and adverse events (for cyclosporine and
omalizumab, 150 mg).

Further Analyses

Post hoc analysis excluding studies with high overall risk-of-
bias assessment could not be performed because no included
studies were at high risk. Findings from other sensitivity analy-
ses were robust and did not change substantially from the main
findings (eTable 16 in the Supplement). However, there was
no association after using a correlation coefficient of 0.5 for
the network estimates change in urticaria symptoms (for dap-
sone and zafirlukast) and pruritus severity (for dapsone).
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Table 3. Classification of Pharmacologic Treatments Based on Network Meta-analysis for Use of H, Antihistamines in Patients With Refractory CSU

Treatment comparison Corresponding 95%  SUCRA Magnitude of Evidence

(reference: placebo) SMD (95% Cl) prediction interval  score effect size® certainty® Classification of treatment
Ligelizumab, 72 mg -1.05(-1.37t0 -0.73) -1.42t0-0.68 85.0 Large Moderate Large beneficial outcome
Ligelizumab, 240 mg -1.07 (-1.39to0 -0.75) -1.43t0-0.70 85.9 Large Moderate

Omalizumab, 300 mg  -0.77 (-0.91 to -0.63) -0.97 to -0.57 69.3 Medium High Moderate beneficial outcome
Omalizumab, 600 mg  -0.59 (-1.10 to -0.08) -1.16t0o -0.02 56.8 Medium Moderate

Cyclosporine -0.83 (-1.63 to -0.03) -1.70t0 0.04 71.2 Large Low Small beneficial outcome
Dapsone -1.14 (-2.06 to -0.22) -2.14t0-0.14 83.4 Large Low

Hydroxychloroquine -1.26 (-1.85 to -0.66) -1.91to -0.60 91.1 Large Low

Ligelizumab, 24 mg -0.40(-0.77t0-0.02)  -0.82t00.03 43.7 Small Low

Omalizumab, 150 mg ~ -0.37 (-0.55t0-0.19)  -0.61t0-0.13 42.3 Small High

Zafirlukast -0.46 (-0.89 to -0.04) -0.94t00.01 48.2 Small Very low

Azathioprine -0.61(-1.53t00.31) -1.61t00.39 56.0 Not estimated (NS) Low Trivial to no response (not
Canakinumab -0.17(-1.05t00.72)  -1.13t00.80 319 Not estimated (NS) ~ Low Gl 1)
Miltefosine -0.31(-0.80 to0 0.09) -0.85t00.24 37.5 Not estimated (NS) Moderate

Omalizumab, 75 mg -0.17 (-0.37 to 0.03) -0.43t00.08 27.0 Not estimated (NS) High

Quilizumab -0.39(-1.10t0 0.32) -1.17t0 0.39 43.8 Not estimated (NS) Moderate

AZD1981 0.41 (-0.35t01.17) -0.42t01.24 7.8 Not estimated (NS) Low Small harmful outcome
Methotrexate 0.61(-0.14to0 1.37) -0.21to 1.44 3.8 Not estimated (NS) Moderate

Montelukast NA NA NA NA NA Insufficient data

Abbreviations: CSU, chronic spontaneous urticaria; NA, not applicable; NS,
nonstatistically significant; SMD, standardized mean difference; SUCRA, surface
under the cumulative ranking curve.

2 For meaningful interpretation of treatment effects, SMD rankings are less than

-0.2 (very small), -0.2 to -0.4 (small), -0.5 to -0.7 (medium), and -0.8 or
higher (large).

beTable 18 and eAppendix 2 in the Supplement provide full details of criteria for
downgrading quality of evidence.

Evidence for the transitivity assumption was inconclu-
sive owing to limited data and imbalanced treatment compari-
sons (Table 1; eTable 4 and eTable 5 in the Supplement). How-
ever, all outcome analyses revealed low between-trial
heterogeneity (1? < 0.04), except for the unacceptability of
treatment, which showed moderate heterogeneity (1 = 0.19).
No evidence of inconsistency between the direct and indirect
effects for all outcomes was recognized (eTable 17 in the Supple-
ment). Nonetheless, the comparison-adjusted funnel plot sym-
metry indicated evidence of small-study effects in most out-
comes, except for the change in pruritus severity score
(eFigure 7 in the Supplement).

Evidence certainty for most treatment comparisons was
limited mainly because of limitations in evidence findings ow-
ing to within-study bias, reporting bias, imprecision, and tran-
sitivity (heterogeneity) (eTable 18 in the Supplement). Across
all outcomes, we judged that ligelizumab, 72 or 240 mg, and
omalizumab, 75, 150, 300, or 600 mg, had moderate- or high-
certainty evidence, whereas other treatments were down-
graded to low or very low certainty (Table 3; eTable 18 in the
Supplement).

Taken together, by applying the multidimensional con-
textualized clinical and methodologic approach, ligeli-
zumab, 72 or 240 mg, was classified as having a large benefi-
cial effect and omalizumab, 300 or 600 mg, was classified as
having a moderate beneficial effect (Table 3). Dapsone; hy-
droxychloroquine; cyclosporine; ligelizumab, 24 mg; omali-
zumab, 150 mg; and zafirlukast were classified as having a small
beneficial effect. However, evidence findings do not support
other treatments for H, antihistamine-refractory CSU.

jamadermatology.com

|
Discussion

In this systematic review and NMA, we combined direct and
indirect evidence from 23 randomized clinical trials of 2480
participants with H, antihistamine-refractory CSU. Based on
clinically meaningful evidence by classification of pharmaco-
logic treatment and tradeoff safety profiles of comparisons, the
findings of this NMA suggest that ligelizumab, 72 or 240 mg,
and omalizumab, 300 or 600 mg, were the most efficacious
treatments for H; antihistamine-refractory CSU. With respect
to the magnitude of effect size and evidence certainty, dap-
sone; hydroxychloroquine; cyclosporine; ligelizumab, 24 mg;
omalizumab, 150 mg; and zafirlukast seem to have a small ben-
eficial effect. However, the use of other treatments is not rec-
ommended because of the lack of efficacy or higher risk of ad-
verse outcomes.

Compared with existing primary randomized clinical trials
and pairwise meta-analyses, our findings were expanded by
comparing 18 different treatment interventions or dosages and
placebo in a single framework to investigate the benefits and
harms of treatment for H, antihistamine-refractory CSU. With
respect to study limitations and evidence certainty, a review
by Kulthanan et al*! suggested that cyclosporine is effective,
but its clinical utility could be limited by safety profiles. These
findings are also supported by our network estimates that the
use of cyclosporine increased the risk of adverse events. As a
result, we judged the use of cyclosporine as providing a small
beneficial effect. Taken together, our network estimates and
the review by Patil et al*? also noted no significant benefit of
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methotrexate for the treatment of CSU in individuals who are
refractory to H; antihistamine therapy.

In addition, our findings are in line with those from pre-
vious pairwise meta-analyses regarding the benefits and safety
of omalizumab (the first approved biologic agent for the treat-
ment of CSU), particularly at a dosage of 300 mg in both clini-
cal trials and real-world settings.*>-4® We also highlight infor-
mation on the use of the novel biologic ligelizumab, in which
phase 3 studies are ongoing and recently received the US Food
and Drug Administration breakthrough therapy designation
in H, antihistamine-refractory CSU. Theoretically, mast cells
are the primary effector cells that contribute to the pathogen-
esis of CSU. As expected, the blockade of mast cell activation
by the biologics omalizumab and ligelizumab via reduction of
free immunoglobulin E can direct and address the mecha-
nisms for hive formation, which is supported by our findings.
and provides better outcomes in terms of benefits and harms
compared with other treatment comparisons.

Implications for Practice and Future Research

To form the implications for practice and judgment of which
pharmacologic treatment is most clinically useful, we for-
mally combined the effectiveness noted in randomized clini-
cal trials with reasonable unacceptability and safety profiles
into a single overall summary. Collectively, ligelizumab, 72 or
240 mg (large beneficial effect), and omalizumab, 300 or 600
mg (moderate beneficial effect), can be recommended as first-
line treatment owing to their magnitude of effect sizes, evi-
dence certainty, SUCRA values, and the uncertainty of evi-
dence in the forecasts. Dapsone, hydroxychloroquine,
cyclosporine, and zafirlukast can be recommended as alter-
native treatments (small beneficial effects). However, the po-
tentially higher probability of unacceptability of treatment and
adverse effects of dapsone, hydroxychloroquine, and cyclo-
sporine should be considered in decision-making.

Based on our comprehensive search approach, however,
increased second-generation H, antihistamine dose trialsas rec-
ommended by the 2017 European Academy of Allergology and
Clinical Immunology, Global Allergy and Asthma European
Network, European Dermatology Forum, and the World Al-
lergy Organization guideline® were criticized for methodo-
logic limitations and did not meet our study eligibility crite-
ria. These trials were mainly based on chronic inducible
urticaria and were not well defined in terms of refractory
CSU.#7-50 Hence, according to current evidence, it is unclear
whether the up-dosing of second-generation H, antihista-
mines is effective for H, antihistamine-refractory CSU.>

To help inform subsequent international guidelines for the
management of CSU, there is a need for head-to-head trials with
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high methodologic quality and harmonized design and out-
come definitions, which will yield improved network esti-
mates. To date, the results of promising trials of novel biolog-
icsarerequired to establish the effectiveness of such treatments
for CSU patients. Moreover, we advocate that evidence from
cost-effectiveness research and large collaborative pharma-
coepidemiologic studies using real-world evidence is also re-
quired, which will inform guidelines, provide policy-based de-
cisions, and help clinicians to optimize effective treatment for
people living with CSU.

Strengths and Limitations
To our knowledge, this study is the first application of NMA
that sheds unified hierarchies of evidence for H, antihistamine-
refractory CSU. The strength of our analysis is its comprehen-
sive systematic review, robust design, and focus on clinically
relevant symptoms of urticaria. To compare and confirm the
potential benefit of higher doses, differences in treatment ef-
fects across doses were also investigated in this study.
However, NMA has several limitations. First, treatment
comparison nodes were based on a single trial or trials with
small sample sizes; thus, the evidence certainty of our analy-
sis is limited by the inherent limitations of individual in-
cluded trials. Second, although our analyses indicated low be-
tween-trial heterogeneity in most outcomes, the genuine
variation across the included trials, for instance, the defini-
tion of refractory CSU, cannot be ruled out. These issues could
have contributed to the assumption of transitivity. Third, poorly
reported or O events in the safety profiles should be stated, re-
sultingin aless-precise estimation of treatment harms. Fourth,
network estimates based on different subpopulations and net-
work meta-regression to estimate the effect modifiers for all
outcomes of interest were not possible because of alack of in-
formation and multicollinearity. Fifth, despite a comprehen-
sive search approach, potential small-study effects exist and
might contribute to some of the network effect estimates we
observed. Sixth, the limited interconnections in the findings
from the network estimates should be acknowledged. In this
respect, our findings should be interpreted with caution.

|
Conclusions

Overall, results of this systematic review and NMA suggest that
biologics, namely ligelizumab, 72 or 240 mg (large beneficial
effect), and omalizumab, 300 or 600 mg (moderate benefi-
cial effect), are effective pharmacologic treatments with
respect to the benefits and harms of H, antihistamine-
refractory CSU.
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