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[bookmark: OLE_LINK12]ABSTRACT (Currently 221 words)
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Background: The efficacy and safety of omalizumab in adult patients with refractory chronic urticaria (CU) is well established, but there is little information on the treatment of children. Here, we assessed the efficacy, time to onset of effects, improvement of quality of life, and safety of omalizumab in children and adolescents with CU.
[bookmark: OLE_LINK42]Methods: Patients aged < 18 years with antihistamine-resistant CU were treated with 150 or 300 mg of omalizumab every four weeks. We used the recently validated Chinese version of urticaria control test (UCT) to assess disease control status, children’s dermatology life quality index (CDLQI) to evaluate quality of life impairment, and monitored adverse events to assess the safety. 
[bookmark: OLE_LINK71]Results: We treated 12 CU patients (7 female, mean age 10.2 ± 4.4 years, range 3–16) with omalizumab. Two thirds (67%) of the patients achieved well-controlled CU (defined as a UCT score ≥ 12) after the first administration. The UCT score significantly increased from 2.5 (0.0-5.8) at baseline to 12.0 (1.3-13.8) after four weeks (Z=-3.063, P=0.002) and 15.0 (13.5-16.0) after 16 weeks (Z=-3.065, P=0.002). The CDLQI score decreased from 17.5 (14.5-20.5) at baseline to 9.0 (3.0-13.8) after four weeks (Z=-2.984, P=0.003) and 2.0 (0.0-6.8) after 16 weeks (Z=-3.063, P=0.002). No adverse events were observed. 
Conclusion: Omalizumab is effective, fast acting and safe for children and adolescents with antihistamine-resistant chronic urticaria. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK61][bookmark: OLE_LINK67][bookmark: OLE_LINK70]Key words: Chronic Urticaria, Children, Omalizumab, Efficacy, Safety




Introduction
Chronic urticaria (CU) is characterized by the recurrence of itchy wheals, angioedema, or both, for more than six weeks. Wheals are superficial dermal swellings of different sizes and shapes that are usually surrounded by erythema and often disappear spontaneously within 24 hours. Angioedema describes a longer-lived dermal / subcutaneous swelling, often of the lip or around the eyes. 
[bookmark: OLE_LINK48]Based on whether or not definite triggers are involved, CU is divided into chronic spontaneous urticaria (CSU) and chronic inducible urticaria (CIndU), of which there are different subtypes (1). Few data are available on the epidemiology of CU in children. In Europe, the prevalence of CU and CSU in children was reported to be 1.4% and 0.8%, respectively (2). A recent Korean study showed a prevalence of CU of 1.8%, with no difference between males and females (3). In pediatric populations, remission of CSU at five years from onset happens in 38%-72% of patients (4). Chronic urticaria are disabling, and have a great impact on children’s physical and psychological state, impair their quality of life and affect performance at school (1). 
According to the European Academy of Allergology and Clinical Immunology (EAACI)/Global Allergy and Asthma European Network (GA²LEN)/European Dermatology Forum (EDF)/World Allergy Organization (WAO) guidelines, approved doses of second-generation H1-antihistamines is the first-line treatment for CU, and up to four times the approved dose is the second-line treatment. However, among pediatric CU patients, many are resistant to antihistaminic treatment (5). In a recent study, only 25 of 66 (38%) patients treated with a standard-dosed sgAH responded, and 18% began off-label therapy with omalizumab(6). Currently, omalizumab is the only third-line therapy recommended for the treatment of CU (1).
[bookmark: OLE_LINK20][bookmark: OLE_LINK18]Omalizumab (Xolair®) is a recombinant humanized monoclonal anti-IgE antibody, which binds to free IgE, lowers free IgE levels and causes FcεRI receptors on basophils and mast cells to be downregulated. Omalizumab was the first drug approved as an add-on therapy for patients (≥12 years old) with antihistamine-resistant CU(4). However, it is not approved for CU in children younger than 12 years. A recent review searched the literature for reports on omalizumab treatment in CU patients younger than 12 years old and found only 16 cases (6). Very recently, Passanisi and coworkers reported on 6 pediatric CU patients treated with omalizumab, four of them younger than 12 years, the largest case series published as of now(7). Clearly, more information on the efficacy and safety of omalizumab in the management of pediatric CU is needed.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Our study was conducted to address this need, i.e. to evaluate the efficacy and safety of omalizumab in children and adolescents with antihistamine-resistant CSU, CIndU or both. We used the recently validated Chinese version of the urticaria control test (UCT) to evaluate disease control status and time to onset of effects, and we measured the impact of omalizumab treatment on quality of life impairment with the children’s dermatology life quality index (CDLQI). We also documented adverse events. 



Methods

Patients and study conduct
[bookmark: _Hlk51486016][bookmark: OLE_LINK11][bookmark: OLE_LINK13]This retrospective, observational real-world study was conducted at the Department of Dermatology, Peking University First Hospital, Beijing, China. Data were collected between February 2018 and May 2020. The study was approved by the ethics committee of Chinese Ethics Committee of Registering Clinical Trial (ChiECRCT20190131) and registered with the Chinese clinical trial registry (ChiCTR1900024869). All patients provided informed consent. 
[bookmark: _Hlk45192517][bookmark: OLE_LINK37][bookmark: _Hlk47178071][bookmark: OLE_LINK14]Patients had to meet the following inclusion criteria: (1) Diagnosis of CU based on medical history, clinical photographs and provocation tests (for chronic inducible urticaria); (2) age of < 18 years; (3) poorly controlled disease defined as UCT < 12; (4) unresponsive (UCT < 12) to an oral H1‐ antihistamines at up to four times the licensed dose. Patients were excluded if they were participating in any clinical trials for CU or on omalizumab treatment for any other indications. Provocation tests and the determination of trigger thresholds were performed using FricTest® (Moxie, Berlin, Germany) for symptomatic dermographism (SDerm), TempTest® (Courage and Khazaka, Cologne, Germany) for Cold Urticaria (ColdU) and heat urticaria, and exercise provocation tests for cholinergic urticaria (CholU). Autologous serum skin testing (ASST) was conducted to detect autoreactivity (8). Total IgE levels were measured by a chemiluminescent immunoassay (ImmunoCAP; ThermoFisher Scientific, Sweden) before treatment. 
[bookmark: OLE_LINK50]The study enrolled 12 patients (7 female, 5 male; mean age 10.2±4.4 years, range 3–16) with antihistamine-resistant CU. The mean age at disease onset was 7.9 ± 5.0 years; median total serum IgE was 256.5 (IQR, 79.0-700.5) IU/ml; the median UCT score was 2.5 (IQR, 0.0-5.8); and the median CDLQI score was 17.5 (IQR, 14.5-20.5). Nine patients underwent ASST, and one of them was positive (n = 1/9, 11.1%). Six patients had CSU, one had CSU and SDerm, and one had CSU and SDerm and CholU. One patient each had SDerm, CholU, ColdU, and solar urticaria (Table 1).
All 12 patients completed four months of treatment, and seven of them continued to receive omalizumab once a month. One patient stopped the treatment after completing four months of treatment, and four patients stopped after completing five months of treatment. The reasons for this were the COVID-19 pandemic (n = 3) and cost problem (n = 2).

Treatment 
[bookmark: OLE_LINK72][bookmark: OLE_LINK44][bookmark: OLE_LINK45]During the 16-week observation period, there were a total of 60 omalizumab subcutaneous injections administered in 12 patients. Ten patients started on 150 mg every four weeks and continued with this dose and interval, whereas two patients, both of them aged 16, started on 300 mg every four weeks. One kept the original dose of 300mg throughout the observation period, the other changed the dose to 150 mg every four weeks after two months. Among them, five patients were treated with the H1-antihistamine cetirizine at the licensed dose during the course of the study, whereas 7 patients did not receive any antihistamine treatment (Table 2).

Efficacy and safety assessment 
[bookmark: OLE_LINK34][bookmark: _Hlk44754407]Patients were assessed for disease control and impact at the first and every follow up visit by use of the Urticaria Control Test (UCT) and the Children’s dermatology life quality index (CDLQI), respectively. 
The UCT retrospectively assesses the overall control of urticaria during the past four weeks with a total of four question, each with five answer options (scored with 0-4 points) (9). The UCT score is the sum of the scores of all four individual item scores (0-16 points). The lower the total score, the worse the disease control and the higher the disease activity. CU is classified, based on UCT scores, as poorly controlled (<12 points) and well controlled (≥12 points). The minimal UCT change that can be considered as clinically relevant is 3 points (10). For patients under 6 years old, the UCT was completed by the parents, patients over 6 years of age did this themselves.
[bookmark: OLE_LINK46]The CDLQI has 10 questions and its score is calculated by summing the scores of the 10 answers, with a minimum of 0 and a maximum of 30. The higher the score, the greater the degree of impairment on patients’ QoL. A CDLQI of 19–30 indicates extremely large impairment of patients’ QoL, 13–18 denotes very large impairment, 7–12 means moderate impairment, 2–6 implies small effects on patients’ QoL, and 0–1 marks no effect at all on patients’ life.
Omalizumab treatment-related adverse events were assessed at every patient visit.

Statistical analysis
[bookmark: OLE_LINK41]Statistical analyses of the data were performed using the software SPSS 23.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA). Descriptive statistical analyses were performed, and data were shown as median (interquartile range, IQR), mean ± standard deviation (SD), or number (percentage). The Shapiro–Wilk test and histogram analyses were used to determine whether continuous variables were normally distributed. For the analysis of clinical outcomes (UCT and CDLQI), a paired Student's t-test and Wilcoxon Matched-Pairs Signed-Ranks Test was applied for normally and non-normally distributed data, respectively. A p value＜0.05 was considered to indicate statistically significant differences.  



Results

Omalizumab treatment, in children and adolescents with CU, markedly improves disease control 
[bookmark: OLE_LINK62][bookmark: OLE_LINK66][bookmark: OLE_LINK4]Omalizumab treatment for 16 weeks significantly increased disease control in children and adolescents with CU, as assessed by the UCT, from 2.5 (0.0-5.8) at baseline to 15.0 (13.5-16.0) after 16 weeks (Z=-3.065, P=0.002; Fig. 1). UCT scores increased by more than 3 points, its minimal important difference (MID), in all patients during the 16 weeks of treatment. Of the 12 patients included in this study, 11 (91.7%) achieved a well-controlled disease status, i.e. UCT values of 12 or higher, and 5 patients were complete responders (UCT = 16), after 16 weeks of treatment (Fig. 2).

The onset of omalizumab treatment effects in children and adolescents with CU is rapid
Omalizumab treatment resulted in a rapid increase in disease control. UCT scores, after 4 weeks of treatment, averaged 12.0 (1.3-13.8), as compared to 2.5 (0.0-5.8) before treatment (Z=-3.063, P=0.002). Nine of 12 patients (75%) increased their UCT scores by 3 or more, and 8 and 2 patients achieved well controlled and completely controlled urticaria, respectively, during the first four weeks of treatment (Fig. 2). Patients with well-controlled disease (n= 8) versus poorly controlled disease (n=4) at week four did not differ in terms of gender, age at onset, disease duration, or IgE levels, UCT scores and QoL impairment at baseline (Table 3). 

Omalizumab treatment, in children and adolescents with CU, markedly and rapidly improves quality of life
Omalizumab markedly improved QoL, with a decrease in CDLQI scores from 17.5 (14.5-20.5) at baseline to 2.0 (0.0-6.8) after 16 weeks (Z=-3.063, P=0.002; Fig. 1). Five and four of the 12 patients, respectively, had CDLQI scores of 1 or 0, i.e. no impact of their urticaria on their QoL, and CDLQI scores of 2 to 6, i.e. small effects on QoL, after 16 weeks of omalizumab treatment. Before the start of treatment, none of the patients showed CDLQI scores of 6 or lower. At week 16, none of the patients showed extremely large and very large effects of their urticaria on QoL, as compared to 6 and 4 patients at baseline, respectively (Fig. 3).
The improvement of QoL in omalizumab-treated children and adolescents with CU was fast, with a 49% drop of CDLQI scores during the first four weeks of treatment, from 17.5 (14.5-20.5) to 9.0 (3.0-13.8; Z=-2.984, P=0.003). At week 4 of omalizumab treatment, 5 of 12 patients experienced no or small effects of urticaria on QoL, up from zero at baseline, and only 4 patients showed large or extremely large impairment of QoL, down from 10 patients at baseline (Fig. 3).

Adverse events and safety of omalizumab treatment in children and adolescents with CU
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: _Hlk51403968][bookmark: OLE_LINK69]During the observation period, there were a total of 60 omalizumab subcutaneous injections administered across the 12 patients. No treatment-related adverse events were reported and the treatment was generally well tolerated.



Discussion
[bookmark: OLE_LINK22][bookmark: OLE_LINK26][bookmark: OLE_LINK65][bookmark: OLE_LINK68][bookmark: OLE_LINK21]This first real-world study of omalizumab treatment in children and adolescents with chronic urticaria confirms the findings of previous case reports, i.e. that omalizumab markedly, reliably and quickly reduces CU disease activity and impact in the pediatric age group (7, 11).
[bookmark: _Hlk51400555][bookmark: _Hlk51403686]	Similar to what has been described in the adult CU patient population, omalizumab treatment, in children and adolescents with CU, markedly improves disease control in most treated patients. A prospective, open-label, phase IV study, in which adult patients received omalizumab 300 mg subcutaneously every 4 weeks for 12 weeks, showed that 75% of the patients achieved disease control at Week 12 (12). Along the same lines, a recent study in CSU patients aged 12-18 years old reported that 27 of 29 patients (90%) achieved complete response (21). In line with these findings, 83% of patients achieved a well-controlled disease status at Week 12 in our study. A recent review of children with CU younger than 12 years reported that omalizumab achieved a complete response in 81% and a partial response in 19% of patients, without non-responders (13).   
[bookmark: OLE_LINK43][bookmark: OLE_LINK52]	Omalizumab, as in adults (14), controlled CU symptoms in children and adolescents rapidly, with two thirds of patients achieving controlled disease after the first administration. A previously published case series reported that 3 of 4 children with CSU achieved complete response during the first week of omalizumab administration (15). The mechanisms of the rapid onset of effects are not entirely understood but are likely to include the reduction of IgE autoantibodies to autoantigens (16, 17). The rate of children with CSU due to autoallergy is currently unknown and should be determined in future studies. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK53][bookmark: OLE_LINK55]In adult patients with CSU, elevated levels of total IgE have been reported to predict a fast response to omalizumab (18) and positive BHRA and ASST are predictive of a slow response (19). Our study failed to find any predictors of early treatment response, most likely because of the small number of patients. Whether baseline total IgE levels and serum autoreactivity are relevant to the outcome or the onset of effects of omalizumab treatment in children with CU needs to be clarified in larger studies. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK30]In our study, 8 patients had CSU and 6 had CIndU (2 had both). Both of the two patients with cholinergic urticaria did not achieve well controlled disease after the first administration, one did so after the second administration, and the other after the third administration. Our results support a review that found that omalizumab can be effective for both CSU and CIndU (20). However, Future studies will need to compare pediatric patients with different forms of CU for their response and onset of effects of omalizumab treatment.
[bookmark: OLE_LINK33][bookmark: OLE_LINK40][bookmark: _Hlk51403743]Our study shows that omalizumab treatment, in children and adolescents with CU, markedly and rapidly improves quality of life. Kitsioulis et al also observed significant QoL improvement, in 5 children with cold urticaria (CDLQI scores decreased by 41.46% [13.4-65.3%, SD=18.66%]), after 5 months of treatment with omalizumab, with improvement in 4 of them during the first month (21). A real-life study in adults showed that the mean change in DLQI score from baseline was −6.4 and −7.5 at the end of the first and third month, respectively (p < .001) (22). Marcelino et al. reported that DLQI scores at baseline and after omalizumab were 18.5 ± 13.4 and 0 ± 0 and 18.2 ± 6 and 0.7 ± 1.4 in CIndU and CSU adult patients, respectively (23). 
[bookmark: _Hlk51401064][bookmark: _Hlk51403547]	Our study is the first real-world study on omalizumab treatment in children and adolescents with CU. It shows that omalizumab can be used as a highly effective and safe therapeutic strategy for patients with CU aged 3-16 years. The limitations of this study include its small sample size, the relatively short follow-up time and the limited scope of laboratory testing. Also, the UCT is not formally validated for children. 
[bookmark: _Hlk51404132][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: _Hlk51402547]Our clinical experience in 12 children with CU encourage further studies, with longer treatment duration and follow-up. More importantly, our results support the current guideline recommendation to switch patients with antihistamine-refractory CU to omalizumab treatment, regardless of their age.
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Table legends
Table 1. Demographic and clinical data of patients including in our study
Table 2. Dosage regimens and clinical response to omalizumab treatment
Table 3. Univariate analysis on disease control at 1st administration 

Figure legends
Figure 1. The UCT and CDLQI of CU at each visit
Figure 2. The proportion of CU patients with poorly controlled (UCT<12) or well controlled (UCT ≥ 12) disease
Figure 3. The proportion of CU patients with different QoL impairment status according to CDLQI score








Table 1. Demographic and clinical data of patients including in our study
	N
	Sex/age
(years）
	Age at
onset (years)
	IgE (IU/mL)
	ASST
	Type of
urticaria 
	UCT

	DLQI

	1
	F/6
	3
	1456.2
	Positive
	CSU+SDerm
	5
	17

	2
	M/5
	1
	72.6
	Negative
	CSU
	6
	12

	3
	F/14
	11
	352.0
	Negative
	CSU
	5
	19

	4
	F/12
	10
	106.9
	-
	CSU
	0
	24

	5
	M/12
	11
	300.0
	Negative
	CSU+SDerm+CholU
	8
	14

	6
	M/16
	14
	34.2
	Negative
	CSU
	7
	10

	7
	M/3
	2
	15.2
	-
	CSU
	0
	23

	8
	F/11
	10
	821.0
	-
	SDerm
	3
	21

	9
	F/5
	3
	98.0
	Negative
	ColdU
	2
	17

	10
	M/16
	15
	213.0
	Negative
	CholU
	0
	18

	11
	F/12
	11
	498.0
	Negative
	CSU
	0
	18

	12
	F/10
	4
	768.0
	Negative
	Solar urticaria
	1
	16

	Total: 
	Total:
	[bookmark: OLE_LINK49]Mean±SD:
	[bookmark: OLE_LINK5]Median (IQR): 
	ASST (+):
	
	Median (IQR):
	Median (IQR):

	n=12
	7F,5M
	7.9±5.0
	[bookmark: OLE_LINK3]256.5（79.0-700.5）
	n=1
	
	2.5(0.0-5.8)
	17.5(14.5-20.5)


[bookmark: OLE_LINK47]Abbreviations: ASST, autologous serum skin test; UCT, urticaria control test; CDLQI, children’s dermatology life quality index; CSU: chronic spontaneous urticaria; SDerm: symptomatic dermographism; CholU: cholinergic urticaria 


[bookmark: OLE_LINK84][bookmark: OLE_LINK85]

Table 2. Dosage regimens and clinical response to omalizumab treatment
	N
	Disease duration (months)
	Doses, mg/Interval, weeks
	Combined medicine 
	Adverse
events
	Efficacy

	1
	38
	150/4
	None
	None
	Effective

	2
	52
	150/4
	Cetirizine
	None
	Effective

	3
	36
	150/4
	None
	None
	Effective

	4
	24
	150/4
	Cetirizine
	None
	Effective

	5
	13
	150/4
	Cetirizine
	None
	Effective

	6
	21
	300/4
	None
	None
	Effective

	7
	12
	150/4
	None
	None
	Effective

	8
	8
	150/4
	None
	None
	Effective

	9
	24
	150/4
	Cetirizine
	None
	Effective

	10
	11
	300/4→150/4
	None
	None
	Effective

	11
	7
	150/4
	None
	None
	Effective

	12
	72
	150/4
	Cetirizine
	None
	Effective







Table 3. Univariate analysis on disease control at 1st administration
	
	Well-controlled at the 1st administration（n=8）
	Poor-controlled at the 1st administration（n=4）
	P value

	Female, n (%)
	6（75%）
	1（25%）
	0.22 ***

	Disease duration (months)
	30.7±22.3
	18.0±12.0
	0.32**

	Total IgE (IU/mL)
	302.4（79.0-807.8）
	256.5（64.7-339.0）
	0.50*

	Age at onset (years)
	7.0±4.8
	9.8±5.5
	0.39**

	Baseline UCT
	2.5(0.3-5.8)
	2.5(0-7.3)
	0.93*

	Baseline CDLQI 
	17.0(13.0-20.3)
	18.5(15.0-22.0)
	0.44*


[bookmark: _Hlk47549120]***Fisher’s Exact Test
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]**t-test 
*Mann-Whitney U test
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[bookmark: OLE_LINK51]Figure 1. The UCT and CDLQI of CU at each visit.
Data are expressed as interquartile range with median. Applications of omalizumab 150mg or 300 mg every four weeks notably and rapidly improve the disease control and Qol in CU patients as assessed by urticaria control test (UCT) and children’s dermatology life quality index (CDLQI). In contrast with baseline, increases in UCT scores and decreases in DLQI scores were significant statistically at each visit (Wilcoxon Matched-Pairs Signed-Ranks Test, P<0.05).
Abbreviations: UCT, urticaria control test; CDLQI, children’s dermatology life quality index; CU, chronic urticaria
*P＜0.05 (Wilcoxon test) compared to week 0.





	UCT≥12
	0.0
	66.7
	83.3
	83.3
	91.7

	UCT<12
	100.0
	33.3
	16.7
	16.7
	8.3



[bookmark: _Hlk45198249][bookmark: _Hlk44683571]Figure 2. The proportion of CU patients with poorly controlled (UCT<12) or well controlled (UCT ≥ 12) disease
Twelve patients all completed 16 weeks of omalizumab treatment. Eight patients achieved well controlled at week 4, while three patients at week 8. One case gained a satisfactory response at first and then experienced notable fluctuations, which was exactly the only one whose UCT was 11, below 12.
Abbreviations: UCT, urticaria control test; CU, chronic urticaria
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	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Number of patients at each treatment
	12
	12
	12
	12
	12

	No effect on patients’ quality of life (%)
	0
	16.7
	50
	50
	41.7



Figure 3. The proportion of CU patients with different QoL impairment status according to CDLQI score
Twelve patients all completed 16 weeks of omalizumab treatment. At baseline,33.3% and 50% of patients suffered from extremely large or very large impairment on life respectively, while at week 12, no patients were subjected to extremely large or very large impairment. Low levels of QoL impairment were maintained during the treatment course.  
Abbreviations: CDLQI, children’s dermatology life quality index; QoL, quality of life; CU, chronic urticaria
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