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TO THE EDITOR

Chronic urticaria (CU) is defined as the appearance of pruritic migratory wheals,
angioedema, or both on most days of the week for more than 6 weeks. First line therapies for
CU are high dose Hq and H, anti-histamines along with leukotriene receptor antagonists.
Second line therapies traditionally consist of immunomodulatory agents. In 2013,
omalizumab (humanized monoclonal antibody against IgE) was shown in a phase 3
multicenter randomized controlled trial to be a highly-effective second line therapy for
patients with CU refractory to antihistamines and received FDA approval in 2014.1 After 12
weeks of treatment, ~40% of patients with CU demonstrated a complete response and 50—
70% showed a partial response to therapy with omalizumab.? In addition to there being
many non-responders, there is often a delayed response of up to 6 months to observe
therapeutic benefit and treatment can be costly.? Therefore, biomarkers which would predict
response are desirable.
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Unlike asthma, where omalizumab is dosed based on a nomogram of serum IgE and weight,
in CU omalizumab is dosed at a fixed 150 or 300 mg dose every month based on results of
the ASTERIA I, ASTERIA I, and GLACIAL trials.3 While Zheng et al reported that
baseline serum IgE was not predictive of omalizumab clinical response,” further analysis of
the data does suggest reduced efficacy amongst those with the lowest IgE concentrations.*
Two retrospective analyses by Metz et. al. (7= 51)° and Viswanathan et. al. (7= 16)° did not
show significant differences in serum IgE concentrations between omalizumab responders
and non-responders. However, none of the aforementioned work stratified low versus
normal/high IgE levels and then analyzed for differences in clinical response to omalizumab.

Therefore, we performed a multicenter retrospective chart review of 137 patients, greater
than 12 years of age, with antihistamine-refractory CU seen at the University of Virginia
(UVA) and Johns Hopkins University (JHU) outpatient allergy clinics between 2011 and
2016. This study was approved by the UVA Health System Institutional Review Board (UVA
IRB-HSR #18100) and de-identified data was provided by JHU. Serum IgE was measured
prior to initiation of omalizumab and known cases of galactose-alpha-1, 3-galactose allergy
or other causes of increased IgE were excluded from the analyses. All subjects in the study
were treatment-naive to omalizumab and 130 of 136 (95.6%) were not on other
immunomodulatory medications for their CIU at study enrollment. Clinical response to
omalizumab was subjectively defined by documented clinical response to omalizumab by
the prescribing provider and/or continuation of omalizumab beyond 4 months of therapy.
Partial responders were considered responders. XZ test was used to compare categorical
response data. Serum IgE concentration was modeled as a restricted cubic spline function of
the serum IgE concentration with linear and nonlinear components and concomitant
variables: age, sex and weight (kg) were the logistic regression predictor variables. Unique
associations were tested based on the log-adjusted odds ratio. A p <0.05 was considered
significant.

Patients’ characteristics are summarized in Table E1. The average age was 45 (+15) years,
majority were women (73.7%), and nearly half had detectable thyroid autoantibodies, all
epidemiologically consistent with CU. When patients were subdivided into serum IgE
quartiles (15t 0-15.2 IU/mL, 2" 15.3-68.8 IU/mL, 3" 68.9-168.0 1U/mL, 41" 168.1-4261
IU/mL), their response to omalizumab differed significantly. Patients with a serum IgE in the
15t quartile had a 48.4% response rate to omalizumab compared to 86.1%, 88.2%, and 94.1%
response rates for the 274, 3, and 4t quartiles respectively (Figure 1, p<0.001, multivariate
logistic regression model). The adjusted odds ratio for response to omalizumab was 13.81
(95%Cl: [3.58, 48.45]) for individuals whose serum IgE concentration was at the 75
percentile (168.0 1U/mL) than for those at the 25t percentile (15.2 1U/mL) (p<0.001). Thus,
having a low baseline serum IgE <15.2 IU/mL would predict a lower likelihood of response
to omalizumab, suggesting serum IgE could be utilized as a biomarker.

Interestingly, there was a trend towards greater likelihood of response to omalizumab
treatment by men compared to women (p= 0.052, adjusted odds ratio for response 4.79 (95%
CI [0.99, 23.18])) (Table 1). No correlation of efficacy was found with age or weight (Table
1). In subjects in whom the basophil activation test (BAT)’ was performed (n=74), there was
a trend towards lower likelihood of omalizumab response in those with a positive test,
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consistent with previous work’, although this did not reach statistical significance (p =
0.074) (Table E2). No correlation of efficacy was found with thyroid autoantibody status
(Table E2).

Although the exact etiology of CU is unknown, autoimmunity is one current prevailing
hypothesis. Indirect evidence of putative basophil and mast cell activating autoantibodies is
provided by a positive BAT or autologous serum/plasma skin test. Some evidence suggests
that these autoantibodies are directed against either IgE or the IgE receptor. Further evidence
for an autoimmune etiology is the strong association of CU with thyroid autoantibodies,8
including in this cohort. Omalizumab binds to the Fc region of free serum IgE and prevents
binding to the high-affinity IgE receptor (FceRI), which subsequently leads to the down-
regulation of its expression on the surface of basophils and mast cells.® Thus, one hypothesis
is that omalizumab could function by preventing IgE from binding to FceRI on mast cells
and basophils, thereby removing the target of the IgG autoantibodies. However, several lines
of evidence argue against this being the mechanism of omalizumab in CU. Particularly, a
positive BAT negatively predicts omalizumab response,’ clinical efficacy does not correlate
with autoimmune phenotypes, and the time frame for clinical improvement with
omalizumab (sometimes less than one week) is not associated with an observed difference in
expression of FceR| on cutaneous mast cells.®

Our current study finds an association between the lack of serum IgE and lower likelihood of
omalizumab response. To explain these observations, we propose that CU comprises two
disease processes. One is driven by auto-reactive IgG and is characterized by female
predominance, lower serum IgE, a positive BAT, and less responsiveness to omalizumab.
The other is IgE mediated (perhaps to self-antigens) and is characterized by equal sex
prevalence, higher serum IgE and greater responsiveness to omalizumab. Further prospective
studies are needed to test this hypothesis and identify other potential biomarkers of response
to omalizumab.
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Clinical Implications

Low serum IgE (<15.2 IU/mL) in patients with chronic urticaria correlated with
significantly lower omalizumab treatment response. This holds potential as a clinically
relevant biomarker to predict response and may help elucidate the immune mechanism of
omalizumab in this disorder.
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FIGURE 1.

Response to omalizumab therapy categorized by serum IgE quartile (IU/L) with the number
of subjects representing the y-axis. Analysis conducted with nonlinear regression modeling.
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TABLE 1

Responder analysis, multivariate logistic regression model

Variable Ratio Adjusted Odds Ratio [95% CI] | P-value
IgE 2 Quartile (68.8 1U/ml) : 15t Quartile (15.2 1U/ml) 3.81[1.94, 7.46] <0.001
3 Quartile (168.0 1U/ml) : 15t Quartile (15.2 1U/ml) 13.81 [3.58, 48.45] <0.001
3 Quartile (168.0 1U/ml): 2" Quartile (68.8 1U/ml) 3.46 [1.84, 6.50] <0.001
Age 2" Quartile (44.0 yrs) : 1t Quartile (34.0 yrs) 1.19 [0.85, 1.68] 0.308
3" Quartile (53.0 yrs) : 1t Quartile (34.0 yrs) 1.40[0.73, 2.67] 0.308
3" Quartile (53.0 yrs): 2" Quartile (44 0 yrs) 1.17 [0.86, 1.59] 0.308
Sex Male : Female 4.79[0.99, 23.18] 0.052
Weight 2" Quartile (83.0 kg) : 1%t Quartile (73 kg) 1.04 [0.85, 1.28] 0.685
3 Quartile (102 kg) : 1%t Quartile (73 kg) 1.13[0.62, 2.06] 0.685
3" Quartile (102 kg): 2" Quartile (83.0 kg) 1.08 [0.73, 1.61] 0.685
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