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Abstract
Background: Several treatment options for cold urticaria (CHlthave been studied and

reported, but systematic reviews and meta-anabsebmited.

Objectives: To meta-analyze and review the efficacy and safeoldU treatments.

Methods. We followed the Preferred Reporting Items for Systgc Reviews and Meta-
Analyses (PRISMA) recommendations. Suitable repgere identified by searching
PubMed, Scopus, and Web of Science. Our systemeaiew included 16 studies, 9 of which
met the eligibility criteria for the meta-analysie analyzed the effects of treatments on the
critical temperature thresholds (CTTs) and critstahulation time thresholds (CSTTs), as

well as on the rates of complete response and selexents.

Results: Our pooled meta-analyses showed that non-sedatagnd-generation;H
antihistamines (nsAHs) are effective in the treathwd ColdU, and that the updosing of
nsAHs significantly reduced CTTs relative to thewn standard doses and placebos. In 4
studies involving CSTT, the updosing of nsAHs alBowed significantly better CSTTs than
their own standard doses or placebos. Omalizungbteel in a marked reduction of CTTs in
Hi-AH-resistant patients. Of 118 adverse eventsstuflies, standard-dose nsAHs, updosed
nsAHs, and omalizumab produced lower numbers oé@@vevents than first-generation

AHs.

Conclusions: Our study showed that higher dosages of nsAHs mere effective than their
own standard dosages in controlling ColdU symptdngeasing the dosages was not
significantly associated with higher adverse evatds. Omalizumab at 150 and 300 mg

every 4 weeks was shown to be effective for Coldtlgnts refractory to AHs.
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Capsule summary:

Modern, second-generationdntihistamines at standard and up to fourfold gesaas well
as 150- and 300-mg dosages of omalizumab, areadfeffective in the treatment of cold

urticaria.

Key M essages:

- Modern, second-generation-dntihistamines should be the first-line treatnegrtold

urticaria and, if needed, at up to fourfold thendiard dose.

—  Omalizumab should be considered for the treatmieanthistamine-resistant patients.

Key words: Cold urticaria, meta-analysis, systematic revieeatment, efficacy, safety,

antihistamines, omalizumab

Abbreviations:

AH: antihistamine

ColdU: cold urticaria

CSTT: critical stimulation time threshold

CSU: chronic spontaneous urticaria

CTT: critical temperature threshold

MD: mean difference

nsAH: non-sedating, second-generatigratihistamine
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87 RCT: randomized controlled trial
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INTRODUCTION

Cold urticaria (ColdU), a subtype of physical wati@, is characterized by the
development of wheals and/or angioedema in responsad exposure and rewarming of
the skin'® The signs and symptoms of ColdU are held to taedlto the activation and
degranulation of skin mast cells, which releas&amsne and other pro-inflammatory
mediators, resulting in vasodilation and extraviasdtSeveral studies have suggested that
mast cell degranulation in ColdU involves immunduyltn E and an unknown cutaneous

autoallergen that becomes accessible upon coldilstiion®

Due to the absence of validated activity scorescaradity of life instruments for
ColdU, the clinical problems include the challemf@ssessing patients for their disease
activity and response to treatment. Cold provocatests are performed by the application of
a cold stimulus (ice cubes, cool packs, cold waéths, or Tempest) to the forearm for 5
minutes; the arms are assessed after 10 mifidfessitive reactions are indicated by the
development of wheals within minutes of skin rewiagn The AACI/GALEN/EDF/UNEV
consensus recommends that critical stimulation timeshold (CSST) and critical
temperature threshold (CTT) measurements shoupegifermed to assess objective disease
severity and activity as well as drug effectiveriéBse CSTT is the shortest duration of cold
exposure needed to induce a wheal response, \RRIIETT is the highest temperature
required to induce a wheal response. Téespis the only validated instrument that provides
continuous temperature gradients frot@ 40 44C, and it can be used to determine both

CSTTand CTE &7

Because the pathogenesis of ColdU is currentlyaam@nd causal treatment is,
therefore, not possible, the avoidance of coldthedorevention of ColdU signs and

symptoms are the two most common management apEealn 2010, Weinstein etl.



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

conducted a meta-analysis to investigate the effiead tolerability of second and third
generation antihistamines (AHs) in ColdU treatmetdwever, they included only 4
randomized-controlled trials with 4 AHs (acrivastimmizolastine, ebastine, and
desloratadine). The subjective wheal and pruritmsiation, not the objective CTT and

CSTT measurements, were used to determine drucfiefaess.

Nowadays, several novel AHs and a new biologicahgomalizumab, are available,
and the results of their use have been publiéfi&the current systematic review and meta-
analysis aims to determine the efficacy of AHs anthlizumab across all previously
published studies using objective outcomes, indgd@TT and CSTT. These objective
measures better reflect disease activity and clsatogne treatment of ColdU patients than

subjective evaluation, unless there is completeluésn.

METHODS
Protocol and registration

This review adhered to the PRISMA recommendatiéig 1). A systematic search
was conducted using PubMed, Scopus, and Web oh@&cigvithout date limitations) using

the terms “cold urticaria”, “acquired cold urticalj “cold induced urticaria”, and “cold

contact urticaria”.
Eligibility criteriafor systematic review

To be eligible for systematic review, a study nektde(i) be an RCT or non-RCT; (ii)
involve patients with ColdU; (iii) have patients avheceived medications at any dosage; (iv)
involve comparisons with another drug and/or agiag and (v) report any of the following

outcomes—CTT: the highest temperature to genenateeal response after cold provocation
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(the more pronounced the CTT reduction, the bétetreatment); CSTT: the shortest
exposure time to cold that is sufficient to indacpositive reaction (the more pronounced the
CSTT prolongation, the better the response tortreaty; the complete responder rate (a
complete response was defined as no wheals beasgrafter cold provocation); and
adverse events. The eligible studies did not needgdort all of the aforementioned

outcomes, but had to report at least one.
Eligibility criteriafor meta-analysis

The studies identified by the systematic reviewenferther evaluated for their
eligibility for the meta-analysis. To be includetiidies had to have one arm of patients who

did not receive active treatment (e.g., a placebo).
Literaturereview process and bias assessment

Review articles, case reports, case series, ia sitrdies, and comments and replies
were excluded. Two independent reviewers (PW andeskBluated all of the potentially
relevant studies, and disagreements were resolithcavthird researcher (KK). The quality
and risk of bias of the included RCT studies wesseased with the Cochrane Collaboration’s
tool, and for non-RCTs, with the Methodological éxdor Non-Randomized Studies (Table

I) 15
Quantitative meta-analysis

Our objective was to investigate the efficacy aafdty of ColdU treatment3he
outcomes were the CTT, CSTT, rate of complete med@is, and the rate of adverse events.
The CTT and CSTT were reported as mean differefMB9 compared to the placebos. In
those cases where numeric outcomes of the CTT &T1d @nprovements were unavailable,
we compared the pre- and post-treatment valueg tisenWilcoxon signed-rank test. The

complete responder and adverse event rates weydad@s odds ratios (OR) with
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corresponding 95% confidence intervals (Cl).

Review Manager 5.3 software from the Cochrane Golation (London, United
Kingdom) was used for all statistical analyses.ustgd point estimates and standard errors
or raw data to calculate the point estimates weteted from individual studies and
combined by the generic inverse variance methddesSimonian and Laird which assigned
a study's weight inversely to its variarlé&@he mean CTT and CSTT and SD of participants
were extracted from each study to calculate thenndé&erence (MD). Pooled MD was then
calculated by combining MDs of each study usingloam-effects model. If a study provided
only the median, its median was used as the estifoathe mean. We estimated SD from
IQR using the formula SD = IQR/1.35 as suggestethbyCochrane handbook of systematic
review and meta-analysi§Given the high likelihood of between study variauitie to
different background populations and methodologimsdom-effect model was chosen over
fixed-effect model. The existence of heterogenemg assessed using Cochran’s Q statistic
and the {statistic to quantify the total variation across tudies that is due to heterogeneity
rather than chancé&.A value of f of 0% to 25% indicates insignificant heterogene2§% to
50% low heterogeneity, 51% to 75% moderate hetereige and 76% to 100% high
heterogeneity® Visualization of funnel plots was used to asshetesence of publication
bias. Trim-and-fill sensitivity analysidwas performed to adjust for publication bias using
Comprehensive Meta Analysis version 3 software g&ip Englewood, NJ, USA). For all

results, a two-sideg-value of< .05 was considered as denoting statistical sicanfte.

RESULTS

Systematic review: insightsinto the efficacy and safety of ColdU treatments
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Sixteen studies™* 2°?were included in our systematic review (Fig 1; [€aHdl and
1), comprising 14 RCT¥' 29262913 double-blind and 1 single-blind); 1 open-label
prospective study;, and 1 retrospective stulyAmong the 320 ColdU patients, gender data
were reported by 14 of the studies (85 males a@dd®ales) for 7 countries (Germany,
Finland, France, Spain, United Kingdom, the Unitdtes, and Thailand). As to
medications, H1-AHs (different types and doses)al@mumab, doxycycline, and prednisone
were administered to 257, 31, 26, and 6 ColdU ptjeespectively. Non-sedating AHs
(nsAHs) were the most studied treatment (9 outso$tlidies). 1 1214 20 21. 24 2§ raqtment
benefits were reported by all of the studies exoapt a glucocorticoid study. Of the nsAH
studies, none compared the efficacy of differetihzstamines. Four out of 9 studies

investigated the effects of standard vs higher-$tandard doses of nsAHs.

Efficacy as assessed by rates of complete responders, clinical improvement, CTTSs,

CSTTs(TableslIl and I11)

Bilastine: A crossover study by Krause et al. showed tHastine at 20, 40, and 80
mg for 7 consecutive days with 14-day washout pisried to a complete response in a dose-
dependent manner and showed significant differefroes a placebo. All bilastine dosages
caused statistically significant reductions in fig and median CTT reductions from
pretreatment levels, compared to the placebo gmilgstine 80 mg resulted in significantly

better CTT reductions than bilastine 20 mg and 43m

Dedloratadine: Magerl et al. studied 2 groups of ColdU patie@sup A received a
constant dose of desloratadine 5 mg/day for 6 wegiaup B started with 5 mg
desloratadine and escalated to 10 and then 20ang,\fieeks each.Using Temfest 3.0
provocation at 4°C, no patients in group A showeahglete wheal suppression, with a mean

CTT reduction of 2.3°C compared to pretreatmenttodgroup B, 13.3% (10 mg/day) and



206 23.1% (20 mg/day) showed complete wheal suppresgtbna significant mean CTT

207  reduction (5 mg, -2.3°C; 10 mg, -6.8°C; and 20 mAg3°C) compared to the pretreatment

208 level.Desloratadine 20 mg resulted in a significantlytdre€TT reduction than dosages of 5
209 mg and 10 mg’ Siebenhaar et al. reported that 23.3% and 50% Gf@BdU patients

210 receiving 5 mg and 20 mg desloratadine, respegtiteld complete remission as assessed by
211 cold provocation with Tempest 2.0/2.1 at 4°C. For pruritus intensity, the ontynsficant

212 difference was seen between the 20 mg desloratadihéhe placebo grodesloratadine

213 20 mg significantly reduced the CTT and improveel @STT better than its standard dosage
214 and a placebdln both studies, higher-than-standard dosagessiddeadine yielded higher

215 complete response rates than its standard dt'se.

216 Rupatadine: Abajian et al. showed that 30% and 50% of Colditigmts had no

217 wheal formation by cold provocation with Tefirgst 3.0 at 4°C after treatment with twofold
218 (20 mg) and fourfold (40 mg) standard rupatadingades for 7 days, respectivéfyTwo-

219  thirds of the patients in the 20 mg rupatadine grioad no pruritus, compared to 14% of the
220 placebo group. Rupatadine 20 mg and 40 mg redee@TT by 4°C and 10°C,

221 respectively, and prolonged the CSTT to 3 and Sutes) respectively, all of which were

222 significantly better than the results for a placeHowever, there was no significant

223 difference in CTT reduction and CSTT prolongati@iveen 20 mg and 40 mg rupataditie.
224  Metz et al. found that 52% of patients were congiesponders when receiving 20 mg

225  (twofold) rupatadine for 7 days, compared to orfy &f the placebo group, using Temngst

226  3.0. The burning sensation was absent in 86% andfafe patients treated with rupatadine
227 20 mg/day and a placebo, respectivBlypatadine 20 mg/day significantly reduced the CTT,
228 by 8°C, while the placebo did not. The CSTT wasi$icantly increased by a median of 1.9
229  minutes, compared with zero minutes with the placélhis study did not compare different

230 dosages of rupatadiri@.



231 Other AHs: Magerl et al. showed that 82% of ColdU patiergated with ebastine 20
232 mg had complete wheal suppression after a coldestg@ with a 4°C cold pack. The number
233 of patients experiencing moderate to severe psugnd a burning sensation was redui@ed.
234 Neittaanmaki et al. reported that acrivastine 8tinge times daily for 5 days was

235 significantly more effective than cyproheptadineg three times daily and a placebo. Both
236 drugs significantly reduced pruritus compared ®phacebd? Another study by

237 Neittaanmaki et al. demonstrated significant whieduictions of 53%, 61%, and 56%, and
238 significant pruritus reductions of 67%, 72%, an&o/1n ColdU patients receiving

239 cyproheptadine, doxepin, and hydroxyzine, respelticompared to baseliié They also
240  showed in the subgroup open study that doxepin @ shnee times daily led to a 78%

241 reduction of wheal size, post ice-cube testing. dimation of the wheal response was

242 shortened by 74% during the first 12 hours of dixéPpNanderer et al. showed that

243 cyproheptadine 4 mg three times daily for 7 days &féective in completely suppressing
244  wheal formation in ColdU patients, and was supdnarhlorpheniramine 12 mg/day and a
245  placebo in reducing ColdU symptoms. The CTTs wageifscantly increased compared to
246  chlorpheniramine and the placefSovillas Martinez et al. showed that 85.7%, 28.6%9/43
247  and 80% of ColdU patients treated with loratado®dirizine, cyproheptadine, and ketotifen,
248  respectively, became asymptomatic after treatnaett that those drugs significantly

249 increased the mean CSTTs compared to the baselinesé’In children with ColdU,

250  Visitsunthorn et al. showed that the effectiven(einical score improvement assessed by
251 patients and parents) of ketotifen (88 + 6%) wah land comparable to that of

252 cyproheptadine (85 + 6%7.St-Pierre et al. also showed that ketotifen sigaiftly increased
253 the mean CSTT from baseline compared to a platebabertret et al. noted a significant
254  reduction of pruritus intensity and prolongationG8TT after ice-cube testing in patients

255 receiving mizolastine vs a placebbo.
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Other drugs: Black et al. showed that both prednisone 20 m@fim 5 days and
prednisone 25 mg single dose showed no signifieghictions in erythema and edema
following a cold challenge assessed by pati&h@orczyza et al. showed that 19% of ColdU
patients treated with doxycycline 200 mg/day (n) =rR2doxycyline 200 mg/day with an;H
AH (n = 24) had complete wheal suppression follgnnld provocation with a Tenfpst
3.0at 4°C. Doxycycline 200 mg/day did not significanttduce CTT$! Metz et al. showed
that omalizumab 150 mg and 300 mg every 4 week8 tmmsecutive months in ColdU
patients refractory to AHs led to 40% and 44% nggatold provocations with TenTst
4.0, respectively, compared to 0% for the placebog Omalizumab rapidly reduced CTT
within 4 weeks. The study also showed significahtigher reductions in CTTs in response to
omalizumab 150 mg and 300 mg compared to a plaé&i@nts with low and high baseline
CTTs showed similar responses, and there weregndfisant differences between the 150

and 300 mg group$.
Safety

The adverse event rates in patients with standatdgher doses of modern nsAHs
were not significantly different, and adverse esdmm nsAHs were rare, mild, and
transient. Somnolence was the most common, folldwedizziness, headache, gastric pain,
and fatigue. The adverse event rates were highbrpakients receiving sedating AHs. Ten
out of 18 patients receiving cyproheptadine expeered drowsiness throughout the treatment
period.?* In ColdU patients receiving first-generation Altingarizine, cyproheptadine,
hydroxyzine, and doxepin), the most common advevsat reported was tiredneSs
significantly higher number of patients with sedativere found among patients using
cyproheptadine rather than a placébPatients treated with omalizumab 150 or 300 mg
showed similar adverse event rates to patientsviagea placebo, and without serious

adverse events.
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M eta-analysis of the studies

Nine studie$ 10 1#14.20.21.24. 2605 ColdU patients) met the eligibility critefier the

meta-analysis.
Treatment efficacy as assessed by CTT measur ements

Treatment efficacy was assessed by CTT measuretefoie and after treatment in
5 studies, of which 4 used nsAHs while the fiftedi®malizumab (Fig 2A}.*% ***An
analysis was made of the differences in the treatmi#cacies of standard versus higher-
than-standard doses of nsAHs (bilastine, desloraadnd rupatadine) as well as of the
different dosages of omalizumab. The pooled amalysthe updosed nsAHs in 4 studies
showed significantly better reductions in CTTs tlath their own standard dosages (MD
-7.2°C vs -5.8°C, compared to the placelpos .02). No studies of first-generation AHs

reported CTT results.
Treatment efficacy as assessed by CSTT measurements

Fig 2B compares the effects of AHs on CSTTs inudliss’ '% ' % with longer
CSTTs indicative of a better efficacy. The updosihgsAHSs led to significantly increased
CSTTs compared to placebos and demonstrated an@ntevards increased CSTTs relative
to their own standard dosages (MD 1.7 vs 1.2 m@)pte .4). There was a moderate degree
of heterogeneity between the studie$69%, p-value = .004). First-generation AHs also
increased CSTTs compared to placebos. It shoutwbtszl that there was only one study of
first-generation AHs, and it used higher-than-stadadlosages of cyproheptadine and

chlorpheniramine (4 mg three times daily, eachd, a&ith only 8 patients for each drug.

Treatment efficacy as assessed by responder analyses
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The drug efficacy to inhibit wheal formation afteld provocation was investigated
by 8 studies (Fig 3}.1% 1214 2. 21. 24 he pooled analysis showed that AHs (cyprohepeadin
ebastine, mizolastine, bilastine, desloratadind,rapatadine) and omalizumab significantly
inhibited wheal formation compared with placebogefall OR 13.1; 95% CI, 7.2 to 23.8).
Higher-than-standard nsAH doses showed a higheofaglimination of the wheal response
(OR 26.6; 95% CI, 10.2 to 69.7) relative to theamostandard doses (OR 7.9; 95% ClI, 3.6 to
17.2), but without a statistically significant difence f§ = .06). First-generation AHs led to
higher rates of wheal inhibition compared to plaxelAgain, the only first-generation AH
study available, and included in our analysis, usgter-than-standard doses of
cyproheptadine and chlorpheniramine (4 mg threeginaily, each), and with only 8 patients

for each drug.

When comparing within the same population, bilas# and 80 mg had a similar
efficacy in suppressing the wheal responses (OR, 5% ClI, 2.6 to 208.6; and OR 28.5;
95% CI, 3.2 to 257.4, respectively). Both dosagerevsuperior to bilastine 20 mg (OR 10.2;
95% ClI, 1.1 to 93.3). There was no significant regeneity between the studie$q, p =

1.0).
Adver se events

Fig 4A illustrates all of the adverse events repoiy 8 studies™® 1214 2021 2ff the
118 events, 66, 14, and 38 were reported duringdiilizumab, and placebo treatment,
respectively. At least one possible adverse evastreported most and least commonly
among patients receiving sedating AHs and omalibymespectively, with standard- and
higher-than-standard-dose nsAHSs in between. Thaeens significant difference between
the standard-dose and updosed nsAiHs 8), or between omalizumab 150 and 300 mg. (

05). The adverse events were mild, with sedaticsoarnolence being the most common.
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There was no significant heterogeneity betweerstheies (f 0%,p = .6). A meta-regression
analysis of the AH treatment duration (Fig 4B) skdwhat it was not a significant predictor

for the occurrence of adverse events (coefficieft.2, 95% ClI, -0.6 to 0.5, = .9).
Evaluation for publication bias

Two funnel plots were relatively symmetric and dat suggest the presence of a
publication bias (Fig 5B, 5D). The other two funphits for the analysis of CTT (Fig 5A)
and complete response rate (Fig 5C) were fairlynasgtric. The funnel plots were further
analyzed by the Egger regression test, which shawaesignificani-values for the first two
aforementioned meta-analys@s<.4 and .4 for CSTT and AEs, respectively), and
significantp-values for the meta-analyses of CTT and the compésponse rat@ € .001

and .004, respectively).
Senditivity analysisfor publication bias

To address the concern of a publication bias iratieysis of CTT and the complete
response rate, a trim-and-fill sensitivity analysis additionally performed (Fig 5E, 58).
The sensitivity analysis identified and added ®thécally missing studies to the meta-
analysis of CTT, and 6 to the complete responge Tdte new pooled CTT and complete
response rate decreased slightly to -1.0 and &pectively, but remained statistically

significant (95% CI1-0.5 to -1.5; and 95% CI 5.6l 1, respectively).

DISCUSSION

The most important results of our study are thatsedating HHAHS are consistently
effective in ColdU treatment, that higher-than-skaml doses are more effective than

standard doses, and that updosed nsAHs do noasetbe risk of adverse events.
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In our systematic review, nsAHs were studied bgdependent studies, all of which
found them to be effective. Their efficacies weeendnstrated by significant CTT
reductions, CSTT prolongation, and/or respondestdh the 6 nsAHs studies in the meta-
analysis, standard doses reduced CTTs by 4°C oage@and were 8 times more likely than

placebos to completely inhibit cold-induced wheglin

Higher-than-standard doses of nsAHs were repoade tmore effective than their
own standard doses in all of the 4 studies we vexieand meta-analyzed. Two studies of
rupatadine were performed only with higher-thamdtad-dose nsAHs, and they were also
included in the analysis. Higher-than-standard nglses reduced CTTs by 7.5°C on

average and were 23 times more likely to bringrapete response.

Importantly, standard-dose and higher-than-standasg nsAHs showed similar
safety profiles, with adverse events reported teabe, mild, and transient in both groups.

The risk of developing one of those events wasstatistically different between the groups.

The current international guidelines for urticaieaommend the use of nsAHs and
discourage the use of sedating AHs in the treatmiecitironic spontaneous urticaria (CSU).
The evidence supporting those recommendationsierdly limited. Here, we provide more
data that show that nsAHs are as effective as|emstharmful than, sedating AHs.
Traditionally, ColdU has been treated with firsiageation AHs. Previous double-blind
controlled trials of first-generation AHs showeadtlkeyproheptadine had a significant
suppressive action on experimental ColdU and pg#drihe time needed to generate wheal
formation after an ice-cube test, while a placeh® ehlorpheniramine were ineffectif 2°
Because first-generation AHs often cause more adwefects (especially sedation), modern

nsAHs are recommended for use as the first-lin@psgmatic treatment of Cold®.

Metz et al. reported that omalizumab had a higicadly in reducing CTTs and a high
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complete-responder ratéSince this study was performed in AH-resistantepas,
omalizumab can be considered to be the most efeettgatment of ColdU to date. In
contrast to CSU, for which omalizumab 300 mg montids been reported to be more
effective than 150 m{f,*?* omalizumab 150 mg and 300 mg had the same level of
effectiveness for Coldd These results were similar to the findings ofialgtof the efficacy
of omalizumab in symptomatic dermographic patiemésnely, that omalizumab 150 and 300
mg monthly were equally effectivd.**It should be noted that the use of omalizumab in

ColdU patients, who do not also have CSU, is culyerif-label.

The advantages of our study include the relatigedgable number of studies included

as well as our focus on the analyses of objectigasures of disease activity.

Limitations

As this systematic review and meta-analysis hasedomtations, its results should be
interpreted with caution. Firstly, the precisionoofr pooled analysis is rather imprecise due
to the relatively high heterogeneity of the inclddtudies. Another limitation is the presence
of a publication bias in favor of positive studiegshe meta-analysis of CSTT and adverse
event rates of patients after treatment. Neverssekhis publication bias should not affect the
conclusion of the meta-analysis as the pooled C&Mained statistically significant after
adding the theoretically missing studies, baseduwrtrim-and-fill sensitivity analysis.
Moreover, a true comparison of different classeseztments (e.g., sedating vs non-sedating
AHSs, or omalizumab vs AHS) is not possible becabsee were not enough trials. Another
reason is that the patient populations were diffebetween the AH trials, and between the
AH and omalizumab trials (which recruited recabmr ColdU patients). Well-designed,

head-to-head RCTs are needed to compare the gfiidatfferent nsAHs, and of
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omalizumab vs AHs, in the same ColdU patient papriaThe use of standardized
provocation testing, threshold testing, readoutd, @utcome parameters should be

encouraged to be performed in clinical practice iarall clinical trials for ColdU patients.
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Figurelegends

FIG 1. Flow diagram of literature review in this meta-isa study. Nine studies meeting
the inclusion criteria were included. In the diffet studies, various disease activity
assessments were used to assess the effectstofane®f ColdU. *Five studiés'® ***used
the critical temperature threshold (CTT)Four studies*® ** ?used the critical stimulation
time threshold (CSTT). $ Eight studie®" 124 20-21. 235sessed the response of treatment by
the wheal elimination rate. § For analysis of it safety, 8 studigs® 1214 2021 Zyere

included.

FIG 2A: The mean differences of CTT after treatment widmdard dosage and up-dosed
Hs-antihistamines (AHs), and omalizumab in cold artia patients. Five studied® 14
were included in the analysis. Abajian et al. did study the efficacy (CTT) of the standard

dose of rupatadine (10 mg).

FIG 2B: The mean differences of CSTT after treatment wathious H-AHs. Four studies

10- 124 were included in the meta-analysis.

FIG 3: The rate of complete response. Forest plot denatirggrthe ability of H-AHs and

omalizumab to prevent wheal formation in responseotd provocation testing.

FIG 4A: The rate of patients with one or more possible exb/events after AHs and

omalizumab treatment.
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FIG 4B: A meta-regression analysis of the AH treatment tthhmeshowed that the treatment
duration was not a significant predictor for thewtence of adverse events (coefficient =

-0.2, 95% Cl, -0.6 to 0.5 = .9).

FIG 5: Funnel plots of studies evaluati(gp) the mean difference of CTT; (5B) the mean
difference of CSTT; (5C) the complete response (&f2) the adverse event rate of patients
after treatment; (5E) trim-and-fill analysis of thean difference of CTT (filled-dots
represent imputed studies, and empty-dots repredsetrved studies); and (5F) trim-and-fill
analysis of the complete response rate (filled-depsesent imputed studies, and empty-dots
represent observed studies). Figures 5A and 5C ssgmmetric patterns of funnel plots,
which suggests that publication bias and lack ghtige data could be relevant factors.
Figures 5B and 5D show symmetric funnel plots fer €STT outcome and adverse event

rate, suggesting that there is a relatively lonbpfulity of publication bias.



TABLE I. Quality and risk of bias assessment of includeidlagt in systematic review

A. Randomized controlled trials

Study, year R Random sequgncegeneralion Allocation concealment Blinding of participantsand Blinding of outcome Incomplete outcome data Sdective reporting
(selection bias) personnel assessment
Metz, 2017+ + + + + + +
Abajian, 2016 + + + ¥ + +
Krause, 2013? + + 2 + + +
Magerl, 2012 + + + + ¥ +
Metz, 2010 + + + + + +
Siebenhaar, 2009 + + + ¥ ¥ +
Magerl, 2007 + + + + + "
Dubertret, 2003* + + + + + +
Visitsunthorn, 19952 + + + + + +
Villas Martinez, 1997 + + + - + +
Neittaanniki, 19882 + + + + + +
St-Pierre, 198%° + + + + - +
Neittaanniki, 1984* + + + + + +
(L™ and 2 trials) ** o + + . . .
Wanderer, 1977 + + + + ¥ +
B. Non-randomized controlled trials
Criteria Additional criteriain the case of comparative study
A control Statistical
Study, year . . End point  Unbiased Prospective group having . Prospective  analyses
A stated Inclusion of Prospective appropriate evaluation Follow-up Lossto calculation thecriterion Baseline calculation adapted to
aim of the consecutive collection of tothestudy of end period  follow-up not of thestudy standard Contemporary equivalence  of the the study
study patients data aim points  appropriate exceeding 5% size intervention groups of groups samplesize  design Total
Gorczyza, 2017 2 1 0 2 0 1 2 0 - - - - - 8
Neittaanniki, 2 1 2 2 0 2 2 0 - - - - - 11
1984* (3% trial) ®
Black, 1981% 1 1 2 2 0 1 2 0 - - - - - 9

Note. *, Neittaanriki had 2 randomized controlled trials and one olade! study; +, low risk of bias; £, unclear; -ghirisk of bias; 0, not reported; 1, reported badiequate; 2,
reported and adequate



TABLE Il . Study characteristics of included artidiesystematic review

Study, Treatment N Dosag Treatment Washout Devicet Outcome measuremer Definition of responst¢ Complete respons  Drop out Main outcomes
year (mg/day) duration period N (%) N (%)
Randomized control trials
Metz, Omalizumab 150 mg 8 weeks N/A * Templest40 -CTT Complete respons: 4/10 (40.0) 0 - Omalizumab was similarly effective in both doses,
2017% every 4 weeks (3 injections) negative provocation test (0.0) 150 mg and 300 mg, with no statistical difference
______ (N=10) result for the lowest o between the 2 treatment groups.
300 mg temperature (4°c) 4/9 (44.4)
31 every 4 weeks Partial response:
(N=9) improvement of at least 4°c
Placebo NIA in the CTT 00
(N=12)
Abajian, Rupatadine 20 1 week 2 weeks Templest3.0 -CTT Complete responder: no 7123 (30.4) 1 - Rupatadine 20 mg and 40 mg daily significantly
2016 -CSTT evidence of whealing (4.2) improved CTT and CSTT and reduced wheal formation
(crossover)  mmmmsomaooo----- response at 4°C ~ ---- oS- oo more than of placebo without an increase in $eadair
24 &Y Partial responders LAz B0 other AEs.
_________________________________ reduction of CTT> 4°C . - No significant difference between each rupatadine
Placebo N/A Non-responders reduction N/A dosages
in CTT < 4°C
Krause, Bilastine 20 1 week 2 weeks -Termpst3.0 -CTT Complete respons: no 7/20 (35.0) 0 - Bilastine 20 mg daily was highly effective in teihg
2013% - microdialysis - Symptoms severity whealing response at a (0.0) CTT, symptoms of ACU and pruritus.
(crossover) TTmooos 407 (itch, burning provocation temperature of -~ -- 11720 (85.0) - Up-dosing to 80 mg daily significantly increased
sensation) 4°c ' efficacy on CTT but no significant difference Wween
- Histamine and doses on complete response rate and pruritus.scor
20 80 cytokines level TT7T12/20(60.0) - No evidence in increasing of sedation upon dose
(only performed with escalation
20 mg and 80 mg - Microdialysis levels of histamine, IL-6, IL-8
“Placebo N7 dosage compare to TTTTT120(5.0) significantly decreased following up-dosing with
baseline) 80 mg bilastine.
Magerl, Desloratadine 10 2 weeks 2 weeks Templest3.0 -CTT Complete remissiol: no 2/15 (13.3) 0 - A complete responder rate was significantly gzeat
2012 wheal at 4°C (0.0) in the dose escalation group.
(paralleny —— TTTTTTC 20 Strong effect:reductionin =~~~ 3/13(231) - The mean CTT reduction with desloratadine 20 mg
27 CTT of > 6°C was significantly greater than with the standdwde.
T e Weak effect:reductionin = ----————— -
Desloratadine 5 CTT of 4-6°C 0
Negligible: reduction in
CTT of 2°C or less
Metz, Rupatadine 20 1 week 2 weeks Termgst 3.0 -CTT Complete protectior: no 11/21 (52.4) 0 - Rupatadine 20 mg daily markedly improved CTT,
2010 -CSTT induction of urticaria when (0.0) CSTT and symptoms compared with placebo.
(crossover) Y - Symptoms severity/ challenged with Tempest =~
Placebo N/A (itch, burning 3.0 at4°C 1/21 (4.8)
sensation, subjective
complaints)
Siebenhaar, Desloratadine 5 1 week 2 weeks  Temprlest 2.0/2.1 -CTT Complete protectior: did 7130 (23.3) 3/33 -5 mg and 20 mg desloratadine significantly reduce
2009° -CSTT not develop a wheal (9.1) wheal volume and improved CTT and CSTT results
(crossover)  mmmeee- 5077 - Symptoms severitl response after cold _""1_5_/§(_)_(§O_(_))"" compared with placebo.
33 (itch, burning provocation (4°c, 5 minutes ’ - Up-dosing of desloratadine at 20 mg/day signifita
_________________________________ sensation, general I reduced wheal area, CTT and CSTT compared with
Placebo N/A subjective severity) 1/30 (3.3) desloratadine at standard dosage but well-t@érat
Magerl, Ebastine 20 Single dose 1 week 4°c cold pack - Presence of wheal and Complete respons: no 17/22 (77.3) 0 - Ebastine 20 mg daily significantly reduced thenber
2007%° (evaluated at 10 + 2 erythema wheal after cold challenge (0.0) of patients who experienced wheals, pruritus, and
(crossover) .- ________ 22 . hours after drug - Symptom severity with 4°C cold pack . ___________ burning without AEs.
Placebo N/A intake) (pruritus, burning) 5/22 (22.7)
Dubertr et, Mizolastine 10 1 week 2 weeks Ice-cube test - CSTT Responder: CSTT > 15 N/A (36.0) 3/28 - Mizolastine significantly improved the CSTT,
2003% - Wheal scoré minutes (10.7) reduced wheal reaction and pruritus intensity
(crossover) - Placebo T 28 - N/ - Pruritus intensity ~~ ===7- NfA_(_l_éf.f))_ cos with a few minor AEs.




Study, Treatment N Dosagt Treatment Washout Device: Outcome measuremer Definition of responst Complete respons  Drop out Main outcomes
year (mg/day) duration period N (%) N (%)
Visitsunthorn, Cyproheptadine 0.25 mg/kg/day 4 weeks 2 weeks Ice-cube test - Ice-cube score N/A N/A 0 - Ketotifen was as effective as cyproheptadine in
1995%2 - Clinical improvement (0.0) treatment of ACU in Thai children with lower side
(crossover)  Ketotifen 6 <35 kg: 0.5 mg bid and side effect score effect.
> 35 kg: 1 mg bid
Villas Loratadine 10 mg/day 2 weeks 1 week Ice-cube test - Clinigadtoms Complete response 6/7 (85.7) 2 - Both loratadine and cetirizine showed suppressfon
Martinez, “Ceterizine 1 10 mg/day -CSTT asymptomatc 7 2/7(286) (28.6)  symptoms with rare AEs.
1992% "Cyproheptadine _ ~ 4mgtd -Whealarea(mfp T 4/5(80.0) - Improvement in CSTT was statistically significéot
(cross over) it LT T T I A A R e T T o all drugs compare with baseline.
Ketotifen 10 g bid 4/5 (80.0) - The histamine-induced wheal area was signifigant|
reduced by all antihistamines.
Neittaanméki, Acrivastine 8 mg tid 5 days 2 days Ice-cube test - Wheal area (mf) N/A N/A 0 - Acrivastine was significantly more effective than
1988% . - Symptoms severity (0.0) cyproheptadine in reducing wheal areas.
(crossover) ~ Cyproheptadine 18 4 mg tid (itching) - Cyproheptadine significantly caused drowsinesgemo
“Placebo T CUTTTTNA T than_ acrivastirje or placebo, the last two did not
significantly differ from each other.
St-Pierre, Ketotifen 1 mg bid 1 week 1 week Ice-cube test -CSTT N/A N/A 0 - Ketotifen might be useful in the treatment of ACU
1985%° . R R LT rp—— (0.0) and also in patients whom resistant to standard
(crossover) ~ Placebo N/A antihistamines.
Neittaanmaki, 15 Doxepin 10 mg tid 2 weeks 1 week No device used - Questionnaire on N/A N/A 1 - Doxepin was more effective than cinnarizine ie th
1984% trial Cinnarizine 10 10 mgtid effectiveness of (10.0)  treatment of ACU, with fewer AEs.
(crossover) Placebo T NA treatment
Doxepin ~ 10mgtid 1 week 1 week Ice-cube test - Questionnaire on N/A N/A 1 - More than half of patient considered doxepinrtiast
nd Cyproheptadine 4 mg tid effectiveness of (8.3) effective treatment for ACU with only dryness of
trial_Hydroxyzine _ 2 1omgtid treatment mouth as an AE.
Placebo N/A - V\l_hee_ll response and
_________________________________________________________________________________ L
37" Doxepin 25mgat 10 pm 12 hours and N/A Ice-cube test -CSTT N/A N/A 0 - Doxepin effectively suppressed the wheal andrigh
trial (open-labellec and 8 am the 38 hours (evaluated on®land - Wheal response and (0.0) responses and shortened the duration of the wheal
study) 10 following 2"“morning, 2 hour itching® response in ice-cube test.
morning, then after drug intake)
every 8 hours
Wanderer, Chlorpheniramine 4 mg tid 1 week 1 week Ice-water slurry - CSTT Complete respons: no N/A 0 - Cyproheptadine significantly suppressed symptofns
1977% wheal reaction after cold (0.0) ACU, while placebo and chlorpheniramine proved
(crossover) ----------------- test  eeeeeaooooo- ineffective.
Cyproheptadine g 4 mg tid 5/8 (62.5) - The usual AEs (mild sedation, increased appaiite)
cyproheptadine was considered significant as
Placebo N/A N/A compare to placebo or chlorpheniramine.
Retrospective stud:
Gorczyza, Doxycycline 200 7-28 days N/A - Tenpest -CTT Complete responde: no 5/26 (19.2) 0 - Doxycycline did not significantly reduce CTT of
20172 2 3.0 (N=24) evidence of whealing overall (0.0) patients with chronic cold urticaria.
- Ice-cube test (N=1) response at 4°c
_________ . - 15°c hand Partial responders:
Doxycycline + bath (N=1) reduction in CTT> 4°c
Hz-antihistamine compared with baseline
24 Non-responders:CTT
reduction < 4°c compared to
baseline
Open labeled prospective stuc
Black, Prednisone 20 3-5 days N/A - 10°c cold - Grading of clinical N/A N/A 0 - Prednisolone inhibited histamine release evoked b
198128 (N=3) water responsé (0.0 cold exposure to the skin of ACU patients.
el -10°c - Histamine content of - No correlation between suppression of histamine
6 200r25 Single dose cryoprobe venous blood and release and clinical improvement in erythema and
(N=3) (N=2) forearm skin edema, though pruritus was improved.

- Minimum time for

whealing




*: N/A, data was not available in the study

Abbreviation: CTT, critical temperature threshdBBTT, critical stimulation time threshold; VASsuil analogue scale; AEs, adverse events

T: The estimation of CSTT on 40 mg rupatadine wasfbr one patient due to a technical error

$:Symptoms Severity Score (4-point scale): Itchingrims (0 =no itching, 1 = mild itching, 2 = moderatching, 3 = very strong or severe itching )ring sensation ( 0 = none, 1 = mild, 2 = moderate severe)

H: Wheal score: 0 = no wheal, 1 = numerous smalicoalescent wheals, 2 = a large, regular, slightdgmatous, coalescent wheal, 3 = a large and atetieedematous wheal, 4 = a large, regular, anifsiantly edematous wheal without pseudopodia,&large, very edematous wheal with pseudopodia
: Pruritus intensity; patients evaluated the initgref pruritus using 100-mm horizontal visual awgiie scale (0 = no pruritus to 100 = intolerablerifus)
: Clinical improvement score: recorded as percéimprovement (0-100%), side effect score: 0 = ile ®ffect, 1 = mild side effect, 2 = moderate sffect, 3 = severe side effect

 Questionnaire on effectiveness of treatment.cé$févery effective, some effect, no effect), sdffects (tiredness, dryness of mouth, vertigo, eapbeadache, irritability, and other possible sifiects)

§: Wheal response (0-8), itching response (0-2)

#: Grading of clinical response: edema (0-3), eyta (0-3), pruritus or pain (0-3)

I: Ice-cube score: 0 =none, 1 = red, very little ede2nasome wheal, slight raise, 3 = definite whéat, large wheal, 1/8 inch height



TABLE Ill. Response to treatments (CTT, CSTT, wheal, andtpsisuppression) of included articles in systeonaview
Study, N Drugs Inclusion Baseline CTT  Post-treatment CTT CTT Baseline Post-treatment CSTT Complete Rate of wheal Pruritus
year criteria (mean £SD;C) (mean £SD;C) Improvement CSTT CSTT Improvement  responder rate  suppression in suppression,
(mean £SD;C) (mean £ SD; (mean +SD; min) (mean + SD; (after cold real life, N (%) N (%)
min) min) provocation ),
N (%)
Metz, 31 Omalizumab 150 mg ColdU 21451 10.8+2.7 -10.6 2.4 N/A N/A N/A 4/10 (40.0) N/A N/A
2017 patients (p=0.001)
‘Omalizumab 300 mg refriﬁ‘;ry 004 w43 120412 04si T 4/9 (44.4)
(p=0.01)
---------------------- treatment - --- oo ShUTE
Placebo 20.8+4.3 205+3.2 -0.3+x1.1°C 0/12 (0.0)
Abajian, 24 Rupatadine 20 mg ColdU N/A median 10.0 N/A N/A median 3.0 N/A 7123 (30.4) N/A N/A
2016%* patients (range <4.0 to 24.0, (range 1.0 t0 5.0,
_____________________________ p<0.001) .. ps000y)
Rupatadine 40 mg median 4.0 median 5.0 11/22 (50.0)
(range <4.0 to 24.0, (range 1.0 t0 5.0,
p<0.001) p<0.001)
Placebo median 14.0 median 1.5 N/A
(range <4.0 to 24.0) (range 1.0 to 5.0)
Krause, 20 Bilastine 20 mg ColdUu median 19.0 median 6.0 median -9.G N/A N/A N/A 7/20 (35.0) N/A 13/20 (65.0)
20132 patients with  (range 10.0to  (range 13.0 to <4.0, (p<0.05)* p=0.04 p=0.003
______________________ positive cold 27.0) ______p<O.0001)
Bilastine 40 mg provocation median <4.0 median -12.6 11/20 (55.0) 12/20 (60.0)
test (range 11.0 to <4.0, (p<0.05)* p=0.001 p=0.007
_____________________________ p<O000L)
Bilastine 80 mg median <4.0 median -13.6 12/20 (60.0) 10/20 (50.0)
(range 5.5 to <4.0, (p<0.05)* p=0.0004 p=0.04
p<0.0001)
Placebo 7 median18.0 ~ median-1.0 ~r20(50 3/20(15.0)
(range 0.0 to 27.0) (p=0.2)¥
Magerl, 27 Desloratadine 5 mg ColdU 19.3+6.2 17.0+6.2 2317 N/A N/A N/A 0/27 (0.0) N/A N/A
20124 patients (p=0.2)¥
Desloratadine 10 mg 203+3.1 135+7.0 6.8 £1.5° 2/15 (13.3)
(p<0.0002)* (p=0.008)*
Desloratadine 20 mg 203+3.1 11.0+6.5 -9.3481. 3/13 (23.1)
(p<0.0002)¥ (p=0.008)*
Metz, 21 Rupatadine20mg Coldu median 14.0 = median 6.0 median -8.0  median2.5 median 4.1 median 1.9 11/21 (52.4) N/A TUNIA(66.7)
2010%* patients with  (range 8.0 to (range 2.7 to 24.0) (p<0.001) (range 0.2-3.5 (range 1.0t0 6.2) (p=0.04) (p<0.01)
Placebo T positive ice- ~ 24.0) -t median 140 medianco T median 25 “medianoo v2i@s) T 7 N/A (143)
cube test (range 6.0 to 22.0) (range 0.3 to 4.0)
Siebenhaar, 33 Desloratadine 5 mg ColdU 21.8+4.9 152+7.7 -6.6 +1.6° 12+12 2422 1.2+04° 7/30 (23.3) N/A N/A
2009°* patients (p<0.001) (p=0.0001)¥ (p<0.001) (p=0.008) (p<0.05)
Desloratadine20mg 777 108+9.0 - 110+ T 39+23 27+05 T 15/30 (50.0)
. (p<0.001) (p<0.0001)° =000 (p<0.001) ~_ _ (ps0.001)
Placebo 205+53 -1.3+138 12+12 0.0 1/30 (3.3)
(p=0.3)"
Magerl, 20072°* 22 Ebastine 20 mg Coldu N/A N/A N/A N/A N/A N/A 18/22 (81.8) N/A 17/22 (77.3)
e patients 000D (p<0.001)
Placebo 5/22 (22.7) 4/22 (18.2)




Study, N Drugs Inclusion  Baseline CTT  Post-treatment CTT CTT Baseline Post-treatment CSTT Complete Rate of wheal Pruritus
year criteria (mean £SD;C) (mean £SD;C) Improvement CSTT CSTT Improvement  responder rate  suppression in suppression,
(mean £SD;’C) (mean £ SD; (mean *SD; min) (mean * SD; (after cold real life, N (%) N (%)
min) min) provocation ),
N (%)
Dubertret, 28 Mizolastine 10 mg ColdU N/A N/A N/A N/A N/A N/A N/A (36.0) N/A N/A (63.6)
2003%* patients with (p<0.05) (p<0.005)
Placebo positveice- T WA T T NA (217)
cube test
Visitsunthorn, 6 Cyproheptadine ColdU N/A N/A N/A N/A N/A N/A N/A N/A N/A
19952 Ketotifen children
Villas Martinez, 7 Loratadine 10 mg ColdU N/A N/A N/A 46+19 11.1+55 N/A N/A 6/7 (85.7) N/A
19922 patients with (p<0.05) *
Ceterizine 10 mg positive ice- i34+e0 T 27 (286)
cube test (p<0.01) *
Cyproheptadine 4 mg tid 142 +5.8 4/5 (80.0)
(p<0.05) *
Ketotifen 10 mg bid 104 £45 4/5 (80.0)
(p<0.05) *
Neittaanmaki, 18 Acrivastine 8 mg tid ColdU N/A N/A N/A N/A N/A N/A N/A N/A N/A
1988%4* patients with
Cunrahentading 4 e fiq Positive ice-
Cyproheptadine 4 mg tid g
Placebo
St-Pierre, 11 Ketotifen 1 mg bid ColdU N/A N/A N/A 6.45 11.7 83.0% increase N/A N/A N/A
1985%° patients with from baseline
Placebo positiveice- T NA NI
cube test
Neittaanméki, 1% 10 Doxepin 10 mg tid ColdU N/A N/A N/A N/A N/A N/A N/A N/A N/A
19847 tial  Cinnarizine 10 mg fid ~~ Patients with
_______________________ positive ice-
Placebo cube test
212 Doxepin 10 mg tid N/A % difference % difference
trial -61.0, £<0.005) * -67.0, <0.05) *
Cyproheptadine 4 mg tid % difference % difference
-53.0, £<0.001) * -72.0, £<0.005) *
Hydroxyzine 10 mg tid % difference % difference
-56.0, £<0.001) * -71.0 <0.01) *
Placebo % difference % difference
+3.0, £>0.05) * +31.0 £>0.05) *
39 10 Doxepin 25 mg at 10 pm 4/10 (40.0) N/A N/A
trial and 8 am then every 8
hours
Wanderer, 8 Cyproheptadine 4 mg tid ColduU N/A N/A N/ A 5.0 >15.0 >10.0 5/8 (62.5) 8/8 (100.0) N/A
1977%* patients (p<0.01)
Chlorpheniramine 4 mg 5.0 6.0 1.0 N/A 5/8 (62.5)
tid (p=NS)
Placebo 5.0 6.0 1.0 N/A 5/8 (62.5)




Study, N Drugs Inclusion  Baseline CTT  Post-treatment CTT CTT Baseline Post-treatment CSTT Complete Rate of wheal Pruritus
year criteria (mean £SD;C) (mean £SD;C) Improvement CSTT CSTT Improvement  responder rate  suppression in suppression,
(mean £SD;'C) (mean = SD; (mean *SD; min) (mean * SD; (after cold real life, N (%) N (%)
min) min) provocation ),
N (%)
Gorczyza, 2 Doxycycline 200 mg ColdU 14.0+6.0 12.0+8.0 2.0+20 N/A N/A N/A 5/26 (19.2) N/A N/A
2017% "4 Doxycycline 200 mg _ Patients with (p=0.5) * (p=0.3)*
+ Hy-antihistamine positive cold
provocation
test
Black, 3 Prednisone 20 mg Coldu N/A N/A N/A N/A N/A N/A N/A N/A 3/6 (50.0)
19817 3 Prednisone 20 or 25 mg  patients

N/A; data not available, NS; not significant
All p-values compare treatments to placebo except fievatiue; compare to baseline valug;value; compare dose escalating group to the condtse group,p-value; comparpre-treatment and post-treatment group
*Included studies in meta-analysi®ataretrieved from calculatior,Cold provocation by Tentgst andice-cube test



][ Eligibility ][ Screening ][ | dentification ]

Included

Records identified through database searc
(n =3,814)

'

Record after duplicates remov
(n=2,870)

l

Screened by titles and absts
(n = 2870) 2,781 ecords excludg;

no direct relationship with the
treatment of ACU

A 4

v

Full-text articles assessed for eligibi
(n=89) 73 records were exclude

-1 retrospective review that
did not report relevant

v outcomes

-5 lack of published full texts

-7 comments and replies

- 14 review articles

- 46 case reports or case serie

A 4

Studies included iisystematic review ar
assessed for inclusion in meta-analysis
(n=16)
- 14 RCTs (13 double-blind studies, 1 single-

blind study)
-1 open-label prospective study

-1 retrospective study 7 records were exclude

-2 without placebo group
-1 open-label prospective

study
> -1 retrospective study
v -3 did not report relevant

. . . clinical outcomes
Studies included in met-analysi:

(n=9)
l v l l
Change in CT* Change in CST' Whea eliminating Safety (n=8)
(n=5) (n=4) response rate
(n=18)




A

Treatments Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Standard dose H‘-anﬁhis1amines
Krause (Bilastine 20 mg), 2013 90 69 200 158 7.8 200 7.1% -6.8[-11.3,-2.2]
Siebenhaar (Desloratadine 5mg), 2009 152 7.7 300 205 5.3 30.0 102% -5.3[-8.7,-1.9] -
Subtotal (95% CI) 50.0 50.0 17.3% -5.8[-8.5,-3.1] -
Heterogeneity: Tau® = 0.0; Chi’ = 0.3, df = 1.0 (P = 0.6); I’ = 0.0%
Test for overall effect: Z = 4.2 (P < 0.00001)
Up-dosing H;anﬁhistamines
Abajian (Rupatadine), 2016

- Rupatadine 20 mg 11.0 69 230 130 69 230 84% -20[6.0,20] R ———

- Rupatadine 40 mg 8.0 70 230 130 69 230 84% -5.0[-9.0,-1.0]
Metz (Rupatadine 20 mg), 2010 72 33 210 140 46 210 134% -6.8[-9.3,44] -
Krause (Bilastine), 2013

- Bilastine 40 mg 55 64 200 158 7.8 200 75% -10.3[-14.7,-5.8]

- Bilastine 80 mg 55 64 200 158 7.8 200 75% -10.3[-14.7,-5.8]
Siebenhaar (Desloratadine 5 mg), 2009 10.8 90 300 205 53 300 91% -96[-134,-69] —
Subtotal (95% CI) 137.0 137.0 54.2% -7.2[-9.7,-4.8] -
Heterogeneity: Tau’ = 5.7; Chi* = 13.0, df = 5.0 (P = 0.02); I = 62.0%
Test for overall effect: Z = 5.8 (P < 0.00001)
Omalizumab
Metz (Omalizumab), 2017

- Omalizumab 150 mg 10.8 27 100 205 32 120 133% -9.7[-122,-7.2] _—

- Omalizumab 300 mg 12.0 1.2 90 205 32 120 152% -85[-105,-6.5] —
Subtotal (95% Cl) 19.0 240 284% -9.0[-10.5, -7.4] . 4
Heterogeneity: Tau® = 0.0; Chi’ = 0.6, df = 1.0 (P = 0.5); I’ = 0.0%
Test for overall effect: Z = 11.4 (P < 0.00001) 1_20 - 1 o t 20’

Heterogeneity: Tau’ = 2.9; Chi® = 18.9, df = 9.0 (P = 0.03); I* = 52.0%

Test for overall effect: Z = 9.7 (P < 0.00001)

Test for subgroup differences: Chi® = 4.4, df = 2.0 (P = 0.1), I’ = 54.6%

Favours [Treatments] Favours [Placebo]

Solid squares and their horizontal lines represent effect estimates and 95% CI of each study. Upper and lower angles of the diamond represent
pooled effect estimates. Lateral angles of the diamond represent 95% Cl of the pooled effect estimates.



Treatments Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand 95% CI
1* generation H;antihistamines
Wanderer, 1977
- Chlorpheniramine 12 mg 60 19 80 60 26 80 75% 0.0[-2323] —
- Cyproheptadine 12 mg 150 73 80 60 26 80 18% 9.0[37 144] —_—
Subtotal (95% CI) 16.0 160 9.3% 42[46,13.0] T ——

Heterogeneity: Tau’ = 36.1; Chi’ = 9.2, df = 1.0 (P = 0.002); I’ = 89.0%
Test for overall effect: Z = 0.9 (P = 0.3)

2™ generation H -antihistamines

« Standard dose
Siebenhaar (Desloratadine 5mg), 2009 24 22 300 12 12 300 179% 1.2[0.3,21] -
Subtotal (95% CI) 30.0 300 17.9% 1.2[0.3,21] L 4

Heterogeneity: Not applicable
Test for overall effect: Z = 2.6 (P = 0.009)

« Up-dosing
Abajian (Rupatadine), 2016

- Rupatadine 20 mg 33 15 230 25 15 230 182% 0.8[-0.1,1.6] -

- Rupatadine 40 mg 43 14 230 25 15 230 183% 1.8[0.9, 2.6] -
Metz (Rupatadine 20 mg), 2010 38 15 21.0 23 11 210 19.0% 1.5[0.7,2.3] -
Siebenhaar (Desloratadine 5mg), 2009 39 23 300 12 12 300 174% 27[1.7,3.6] -
Subtotal (95% CI) 137.0 1370 542% 1.7[0.9, 24] L 4

Heterogeneity: Tau® = 0.4; Chi* = 9.0, df = 3.0 (P = 0.03); I> = 67.0%

Test for overall effect: Z = 4.4 (P < 0.0001) 4 } + }
-10 -5 0 5 10

F Placebo] F T
Heterogeneity: Tau? = 0.6; Chi® = 19.1, df = 6.0 (P = 0.004); = 69.0% it U
Test for overall effect: Z = 4.2 (P < 0.0001)

Test for subgroup differences: Chi’ = 1.0, df = 2.0 (P = 0.6); I’ = 0.0%

Solid squares and their horizontal lines represent effect estimates and 95% CI of each study. Upper and lower angles of the diamond represent
pooled effect estimates. Lateral angles of the diamond represent 95% Cl of the pooled effect estimates.



Treatments Placebo

Study or Subgroup

Events Total Events Total Weight

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

1* generation H_-antihistamines

Wanderer (Cyprl)heptadine 12 mg), 1977 5.0 8.0 00 8.0
Subtotal (95% Cl) 8.0 8.0
Total events 5.0 0.0
Heterogeneity: Not applicable
Test for overall effect: Z = 2.0 (P = 0.04)
2™ generation H -antihistamines
« Standard dose
Krause (Bilastine 20 mg), 2013 7.0 20.0 1.0 20.0
Siebenhaar (Desloratadine 5 mg), 2009 7.0 30.0 1.0 30.0
Magerl (Ebastine 20 mg), 2007 18.0 22.0 5.0 220
Dubertret (Mizolastine 10 mg), 2003 18.0 27.0 8.0 27.0
Subtotal (95% Cl) 99.0 99.0
Total events 50.0 15.0
Heterogeneity: Tau’= 0.0; Chi*= 1.6, df = 3.0 (P = 0.7); > = 0.0%
Test for overall effect: Z = 5.2 (P < 0.00001)
* Up-dosing
Abajian (Rupatadine), 2016
- Rupatadine 20 mg 7.0 23.0 0.0 23.0
- Rupatadine 40 mg 11.0 22.0 0.0 220
Metz (Rupatadine 20 mg), 2010 11.0 21.0 1.0 21.0
Krause (Bilastine), 2013
- Bilastine 40 mg 11.0 20.0 1.0 20.0
- Bilastine 80 mg 12.0 20.0 1.0 20.0
Siebenhaar (Desloratadine 20 mg), 2009 15.0 30.0 1.0 30.0
Subtotal (95% Cl) 136.0 136.0
Total events 67.0 4.0
Heterogeneity: Tau®= 0.0; Chi’ = 0.2, df = 5.0 (P =1.0); I = 0.0%
Test for overal effect: Z = 6.7 (P < 0.00001)
Omalizumab
Metz (Omalizumab), 2017
- Omalizumab 150 mg 4.0 10.0 0.0 120
- Omalizumab 300 mg 4.0 9.0 0.0 120
Subtotal (95% CI) 19.0 24.0
Total events 8.0 0.0
Heterogeneity: Tau’= 0.0; Chi® = 0.0, df = 1.0 (P = 0.9); I’ = 0.0%
Test for overall effect; Z = 2.6 (P = 0.008)
Total events 130.0 19.0

Heterogeneity: Tau?= 0.0; Chi’ = 5.9, df = 12.0 (P = 0.9); I’ = 0.0%
Test for overall effect: Z = 8.9 (P < 0.00001)
Test for subgroup differences: Chi’ = 4.0, df = 3.0 (P = 0.3), I’ = 25.1%

3.3%
3.3%

6.8%
7.0%
15.2%
25.0%
54.0%

3.8%
3.9%
6.9%

6.9%
6.8%
7.4%
35.7%

3.5%
3.5%
7.0%

26.7[1.1,624.2]
26.7 [1.1, 624.2]

10.2[1.1,93.3]
8.8[1.0,77.0]
15.3 [3.5, 66.7]
4.8[1.5, 15.0]
7.9[3.6, 17.2]

21.4[1.1, 400.5]
45.0 [2.4, 833.7]
22.0[2.5,195.3]

23.2[2.6, 208.6]
28.5[3.2,257.4]
29.0[3.5,241.1]
26.6 [10.2, 69.7]

17.3[0.8, 373.5]
20.5[0.9, 449.1]
18.8 [2.1, 166.1]

e
e —
_
_

L

‘
—
>

0!

0.001

0.1 1 10
Favours [Placebo] Favours [Treatments]

1000

Solid squares and their horizontal lines represent effect estimates and 95% ClI of each study. Upper and lower angles of the diamond represent
pooled effect estimates. Lateral angles of the diamond represent 95% CI of the pooled effect estimates.



A Treatments Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1% generation H -antihistamines
Neittaanmaki (Cyproheptadine 12 mg), 1988 140 180 4.0 180 11.3% 12.3[2.5, 59.0] —_—
Subtotal (95% CI) 18.0 180 11.3% 12.3 [2.5, 59.0] i
Total events 14.0 4.0
Heterogeneity: Not applicable
Test for overall effect: Z = 3.1 (P = 0.002)
2™ generation H -antihistamines
« Standard dose
Krause (Bilastine 20 mg), 2013 50 20.0 1.0 200 55% 6.3[0.7,60.2] 4
Siebenhaar (Desloratadine 5 mg), 2009 11.0 300 20 30.0 10.7% 8.1[1.6, 40.8] P
Magerl (Ebastine 20 mg), 2007 00 180 0.0 18.0 Not estimable
Dubertret (Mizolastine 10 mg), 2003 70 270 3.0 270 128% 2.8][0.6,12.3] i
Neittaanmaki (Acrivastine 8 mg), 1988 6.0 180 4.0 180 127% 1.8 [04,7.7] PR
Subtotal (95% Cl) 113.0 113.0 418% 3.6 [1.6,8.0] <o
Total events 29.0 10.0
Heterogeneity: Tau? = 0.0; Chi’= 2.2, df = 3.0 (P = 0.5); I’ = 0.0%
Test for overall effect: Z = 3.0 (P = 0.002)
» Up-dosing
Abajian (Rupatadine), 2016

- Rupatadine 20 mg 0.0 230 0.0 23.0 Not estimable

- Rupatadine 40 mg 1.0 230 0.0 23.0 26% 3.1[0.1,81.0]
Metz (Rupatadine 20 mg), 2010 6.0 21.0 20 210 93% 3.8[0.7, 21.6] I e —
Krause (Bilastine), 2013

- Bilastine 40 mg 70 20.0 1.0 20.0 5.7% 10.2[1.1,93.3] _—

- Bilastine 80 mg 40 200 1.0 20.0 5.3% 4.8[0.5, 46.9] —_—
Siebenhaar (Desloratadine 20 mg), 2009 5.0 30.0 1.0 30.0 9.4% 2.8[0.5, 15.7] S B
Subtotal (95% ClI) 137.0 137.0 323% 4.2[1.7,10.7] -
Total events 23.0 6.0
Heterogeneity: Tau® = 0.0; Chi* = 0.9, df = 4.0 (P = 0.9); I = 0.0%
Test for overal effect: Z = 3.0 (P = 0.002)
Omalizumab
Metz (Omalizumab), 2017

- Omalizumab 150 mg 70 10.0 9.0 120 79% 0.8[0.1,5.1] _

- Omalizumab 300 mg 7.0 9.0 9.0 120 6.7% 1.2[0.2,9.0] e
Subtotal (95% ClI) 19.0 24.0 14.6% 0.9 [0.2, 3.7] ’
Total events 14.0 18.0
Heterogeneity: Tau? = 0.0; Chi’ = 0.1, df = 1.0 (P = 0.8); I’ = 0.0%
Test for overall effect; Z= 0.1 (P = 0.9) I t 1 {

0.001 0.1 1 10 1000

Total events 80.0

38.0

Heterogeneity: Tau® = 0.0; Chi’ = 9.3, df = 11.0 (P = 0.6); I° = 0.0%

Test for overall effect: Z = 4.7 (P < 0.00001)

Test for subgroup differences: Chi® = 6.1, df = 3.0 (P = 0.1), I’ = 50.7%

Favours [Treatments]

Favours [Placebo]

Solid squares and their horizontal lines represent effect estimates and 95% CI of each study. Upper and lower angles of the diamond represent
pooled effect estimates. Lateral angles of the diamond represent 95% CI of the pooled effect estimates.
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A) Funnel Plot of Standard Error by Std diff in means

B) Funnel Plot of Standard Error by Difference in means
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