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Abstract

Background—Although studies of oral immunotherapy (OIT) for food allergy have shown 

promise, treatment is frequently complicated by adverse reactions and, even when successful, has 

limited long-term efficacy as benefits usually diminish when treatment is discontinued.

Objective—We sought to examine whether the addition of omalizumab to milk OIT (MOIT) 

reduces treatment-related reactions and/or improves outcomes.

Methods—This was a double-blind placebo-controlled trial with subjects randomized to 

omalizumab or placebo. Open-label MOIT was initiated after 4 months of omalizumab/placebo 

with escalation to maintenance over 22–40 weeks, followed by daily maintenance dosing through 
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month-28. At month-28, omalizumab was discontinued and subjects passing an oral food 

challenge (OFC) continued OIT for 8 weeks, after which OIT was discontinued with re-challenge 

at month-32 to assess sustained unresponsiveness (SU).

Results—Fifty-seven subjects (7–32 years) were randomized, with no significant baseline 

differences in age, milk-specific IgE, skin tests, or OFCs. At month-28, 24 (88.9%) omalizumab-

treated subjects and 20 (71.4%) placebo-treated subjects passed the 10 gram “desensitization” 

OFC (p=0.18). At month-32, SU was demonstrated in 48.1% in the omalizumab group and 35.7% 

in the placebo group (p=0.42). Adverse reactions were markedly reduced during OIT escalation in 

omalizumab subjects for percent doses/subject provoking symptoms (2.1% versus 16.1%; 

p=0.0005), dose-related reactions requiring treatment (0.0% versus 3.8%, p=0.0008), and doses 

required to achieve maintenance (198 versus 225; p=0.008).

Conclusions—In this first randomized double-blinded placebo-controlled trial of omalizumab in 

combination with food OIT, we found significant improvements in measurements of safety, but not 

in outcomes of efficacy (desensitization and SU).

Trial Registration—OIT and XolairR (Omalizumab) in Cow’s Milk Allergy, NCT01157117, 

http://clinicaltrials.gov/show/NCT01157117

Keywords

Milk allergy; Oral immunotherapy; Omalizumab; Desensitization; Sustained unresponsiveness; 
Double-blind placebo-controlled trial; Dose-related adverse reactions

Introduction

Cow’s milk allergy (CMA) is the most common food allergy in young children, with an 

estimated prevalence of 2–3%1,2. While CMA is outgrown in most children, it persists in a 

subset into adulthood, often in a severe form3,4. The mainstay of treatment is avoidance, 

which is difficult given the ubiquitous nature of milk, leading to frequent and often severe 

reactions5,6. Oral immunotherapy (OIT) is under investigation for the treatment of persistent 

food allergy, with overall encouraging results. However, as with egg and peanut OIT, milk 

OIT (MOIT) has been associated with significant risks, with most subjects experiencing at 

least mild symptoms, some experiencing anaphylaxis, and 10–20% forced to discontinue 

due to adverse reactions7–11. In addition to the high rate of adverse reactions, 

implementation of OIT into clinical practice has been further constrained by the fact that the 

response to treatment is typically not sustained once therapy is discontinued10,12–16.

To mitigate the risks of OIT, and potentially enhance its efficacy, adjunctive treatment with 

omalizumab was investigated. Omalizumab is a recombinant humanized anti-IgE antibody, 

currently FDA-approved for treatment of allergic asthma and chronic urticaria, that has been 

shown to reduce adverse reactions with aeroallergen immunotherapy17,18, and suggested to 

have similar beneficial effects in small pilot studies of milk and peanut OIT19,20. In this 

study, subjects were randomized to receive omalizumab or placebo in combination with 

MOIT, with a primary endpoint of sustained unresponsiveness (SU), defined as persistence 

of desensitization after discontinuation of treatment. We hypothesized that the addition of 

omalizumab would result in significantly fewer adverse reactions, allow for more rapid dose 
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escalation, and potentially enhance the development of SU by decreasing IgE-facilitated 

allergen presentation by IgE-bearing antigen-presenting cells 21–24 and facilitated uptake by 

IgE-bearing gut epithelial cells 25; thus reducing Th2 responses and increasing Th1 and T-

regulatory cell responses.

METHODS

STUDY DESIGN

Subjects 7–35 years of age with a history of IgE-mediated CMA were recruited at 3 sites 

(Mount Sinai, Johns Hopkins, and Stanford). CMA was confirmed by (1) positive milk skin 

prick test (SPT, wheal ≥3mm greater than the negative control) or milk-specific IgE (>0.35 

kUA/l) and (2) double-blind placebo-controlled OFC reactive to <2 grams of milk protein. 

Patients were excluded if there was history of life-threatening milk-induced anaphylaxis, i.e. 

cardiopulmonary failure, uncontrolled or severe persistent asthma, baseline FEV1 <80% 

predicted, or use of biologic therapy within one year. The study was approved by local IRBs 

and informed consent/assent was obtained on all subjects.

Subjects were randomized 1:1 to receive omalizumab or placebo. If the subject’s dose did 

not fall within the omalizumab package insert dosing chart, a formula (0.016mg/kg/IgE IU) 

provided by Genentech was utilized, and subjects having a weight-IgE combination that 

required a dose greater than 750mg were excluded. The first 16 months of the study 

consisted of blinded treatment with omalizumab/placebo injections every 2 or 4 weeks.

Open-label MOIT dosing was administered using nonfat dry powdered milk [Supplemental 

Table 1]. MOIT began two weeks after month 4 of omalizumab/placebo (i.e., 4 or 8 doses). 

All dose escalations were conducted under physician supervision. On the first day, dosing 

was initiated with 0.07mg of milk protein. In order to continue in the study, subjects were 

required to tolerate dose #6 (2.1mg milk protein) at dosing visit 1 and subsequently reach 

dose #8 (9mg) by visit 2. Daily home dosing was continued at the highest dose tolerated on 

the dose escalation day, after which subjects then returned every 2 weeks for dose escalation 

for a minimum of 22 weeks and a maximum of 40 weeks. Subjects were required to reach a 

minimum maintenance dose of 520mg milk protein (equivalent to 15mL of liquid milk). The 

goal maintenance dose was originally 3.3 grams, but was increased to 3.8 grams midway 

through the study when delivery was converted from pre-measured vials to a more 

economical bulk supply and a scoop. After 12 months of MOIT, treatment was unblinded, 

and omalizumab was continued for an additional 12 months in the active group, and 

injections were discontinued in placebo participants. At month 28, omalizumab was 

discontinued, and all subjects underwent a 10-gram OFC. Subjects passing this challenge 

received an additional 8 weeks of MOIT, then discontinued treatment for 8 weeks, followed 

by a final 10-gram OFC. Strict milk avoidance was maintained throughout the protocol, 

including the 8 weeks off therapy before the final OFC.
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STUDY PROCEDURES

Double-Blind, Placebo-Controlled Milk Challenges

OFCs were conducted using placebo (corn starch) or milk powder, with cumulative doses of 

2grams of milk protein for screening challenges and 10grams for post-treatment challenges. 

Each OFC was divided into 7 doses given at 15 minute intervals: 1%, 4%, 10%, 20%, 20%, 

and 25%; i.e. for the 2gram OFC, equivalent to 20, 80, 200, 400, 400, and 500 mg of milk 

protein; and for the 10gram OFC, equivalent to 100, 400, 1000, 2000, 2000, and 2500 mg of 

milk protein. Challenges were considered positive based upon clear objective symptoms 

(e.g. diffuse hives, vomiting, or wheezing), or marked subjective symptoms (e.g. severe 

persistent abdominal pain).

Endpoint titration skin prick testing

Endpoint titration SPTs were performed at baseline and months-28 and -32 using serial ten-

fold dilutions of milk extract [Greer Lab; Lenoir, NC] utilizing the Greer Pick system. The 

starting concentration was the standard milk extract (1:20 wt/vol) with serial 10-fold 

dilutions (1:200, 1:2000, 1:20,000, 1:200,000 wt/vol).

Immunologic Assessments

In vitro immunologic assessments at baseline and months 4, 16, 22, 28, 30, and 32. Basophil 

activation was measured by CD63 up-regulation using flow cytometry, as previously 

described.26 Measurement of specific IgE, IgG, and IgG4 to milk, casein and β-

lactoglobulin were performed utilizing ImmunCAPR (ThermoFisher Scientific, Inc)

Statistical Analysis

The primary endpoint was the comparison of subjects treated with omalizumab versus 

placebo in the development of SU, defined as the absence of dose-limiting symptoms in both 

the month-28 and -32 OFCs, i.e. SU measured after 8 weeks off of MOIT. Secondary 

endpoints included the percentage of subjects successfully desensitized (defined by the 

absence of dose-limiting symptoms in the month-28 OFC), change in OFC successfully 

consumed dose (SCD), incidence of MOIT-related adverse reactions and severe allergic 

reactions, time and number of doses to achieve maintenance, and changes in milk-specific 

IgE, IgG, IgG4, SPTs, and basophil activation.

Differences between groups in continuous variables were assessed using Wilcoxon rank-sum 

tests and changes from baseline within groups using signed-rank tests. Differences between 

groups in categorical data were examined using Fisher’s Exact test. Endpoint SPT titration 

was calculated as the sum of the wheals at each of the 5 dilutions, assessed using the 

Wilcoxon rank-sum test. Basophil activation and immunoglobulin levels were each 

evaluated in repeated-measurement models, with the baseline value, study visit, and 

treatment group as covariates. Hypothesis testing was performed using log 10 transformation 

for IgE, IgG, and IgG4, while summary statistics are reported on the observed scale. 

Exploratory logistic regression was used to identify baseline and month-16 clinical and 

immunologic variables that may predict month-28 and -32 OFC outcomes. No p-value 

adjustments were made for multiple comparisons, but a significance level of 0.01 was used 
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for immunologic response. All analyses were performed with SAS software, v9.3 (SAS 

Institute).

RESULTS

Study Population

Fifty-seven subjects (7–32 years) were randomized between October, 2010 and April, 2012 

(Mount Sinai-29, Johns Hopkins-23, and Stanford-5) [Figure 1]. There were no significant 

differences between the treatment groups for any baseline characteristic, including age 

(omalizumab versus placebo, median 11.7 versus 9.5 years), asthma, other food allergies, 

milk specific-IgE (median 42.1 versus 38.4 kUA/L), milk SPT (median wheal 8.8 versus 

8.5mm), or milk OFC eliciting dose (median SCD: 20 versus 10mg) [Table 1].

Clinical Outcomes

Significantly fewer MOIT doses were required to achieve maintenance in the omalizumab 

group (median: 198.0 versus 225; p=0.008), resulting in a shorter escalation phase (median: 

25.9 versus 30.0 weeks; p=0.01). At month-28, 24 (88.9%) omalizumab-treated subjects and 

20 (71.4%) placebo-treated subjects passed the 10 gram “desensitization” OFC (p=0.18) 

[Table 2]. At month-32 (16 weeks off omalizumab, 8 weeks off MOIT), SU was 

demonstrated in 13 (48.1%) in the omalizumab group and 10 (35.7%) in the placebo group 

(p=0.42). There were no significant differences in the median SCD for the month-28 or -32 

OFCs (p=0.37 and 0.81, respectively) [Supplemental Table 2], nor in the degree of 

protection lost between months-28 and -32. For those losing protection, the median decrease 

in SCD between months-28 and -32 was 4,500mg for both groups. Clinically, this ranged 

from minimal loss of protection (e.g. mild reaction at the final dose), to nearly complete 

return of reactivity, with one omalizumab-treated subject requiring epinephrine at the first 

dose (100mg), after passing the month-28 OFC without symptoms.

Seven randomized subjects withdrew from the study [Figure 1]; 2 (7.4%) omalizumab vs 5 

(17.8%) placebo subjects. Two subjects (one omalizumab/one placebo) withdrew prior to 

receiving any treatment (considered failures for the primary endpoint and excluded from 

other analyses); one omalizumab subject withdrew during escalation for family reasons; and 

2 placebo subjects withdrew during escalation due to adverse reactions, one with frequent 

acute reactions and the other with abdominal pain and vomiting, diagnosed with eosinophilic 

esophagitis a month after discontinuing MOIT. Two additional placebo subjects withdrew 

during maintenance due to dosing symptoms, one with recurrent abdominal pain and one 

with intermittent acute reactions.

Safety Assessments

The overall percent of symptom-free doses during escalation was 91.5% among omalizumab 

subjects and 73.9% for placebo subjects (p<0.0001) [Supplemental Table 3]. The median 

percent of doses per subject with any symptoms was 2.1% and 16.1%, respectively 

(omalizumab versus placebo, p=0.0005), with significant differences occurring for all 

symptom categories except severe [Table 3]. Significant differences were also seen for dose-

related reactions needing treatment (median: 0.0% versus 3.8% of doses per subject, 
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p=0.0008) and severity grade of allergic reactions (mild: median 0.5% versus 7.9% doses 

per subject; p=0.0001; moderate: median: 0.0% versus 0.5% doses per subject; p=0.0005). 

Significant reductions in most safety parameters persisted into the maintenance phase for 

omalizumab-treated subjects [Table 4 and Supplemental Table 4].

In order to assess whether blinding had any effect on the reporting of dose-related reactions, 

we described reactions for maintenance doses administered during the blinded period and 

those administered during the unblinded period [Supplemental Tables 5 and 6]. As most 

reactions would be expected to occur during escalation, we excluded these when assessing a 

potential unblinding effect as escalation occurred entirely during the blinded phase. There 

continued to be significant reductions in most safety parameters for omalizumab-treated 

subjects during the blinded maintenance period as well as the unblinded maintenance period.

Reactions requiring epinephrine tended to be more common in the placebo group (P=0.052). 

When considering all subjects, 20 of 40,641 total doses led to reactions requiring 

epinephrine in 11 individuals, with 2 doses in 2 omalizumab-treated subjects and 18 doses in 

9 placebo-treated subjects (including two subjects on 5 occasions and one on 2 occasions). 

Five reactions requiring epinephrine occurred during escalation visits and 15 with home 

doses.

Immunologic Responses

Serologic assessments included specific IgE, IgG, and IgG4 to milk, casein, and β-

lactoglobulin. In the omalizumab group, milk- and casein-specific IgE were significantly 

increased at month-4 and reduced at month-32, while in the placebo group, all milk and 

casein IgE levels were significantly reduced after month-4 [Supplemental Figure 1a&b]. 

Comparing the treatment groups, there were significant differences in the change from 

baseline for milk-specific IgE through month-30, casein-specific IgE through month-28, and 

β-lactoglobulin-specific IgE through month-22. With regard to casein and β-lactoglobulin 

IgG4, IgG and IgG4/IgE ratios, both placebo and omalizumab-treated subjects had 

significant increases from baseline from month-16 onward, without any differences between 

the groups [Figure 2 and Supplemental Figure 1d&e].

For endpoint SPT titration, both groups exhibited significant decreases from baseline 

(P<0.0001 month-28 and -32), with no differences between the groups at any of the three 

time points at which it was assessed, or in the change from baseline [Supplemental Figure 

2].

Assessment of basophil activation to milk stimulation in vitro revealed that the percent 

CD63+ cells was lower in the omalizumab group compared to placebo through month-28, at 

which point the the percent CD63+ cells increased to a level similar to the placebo group at 

month 32. Additional details regarding these measures are described in Supplemental Figure 

3.

Relationship of Clinical or Immunologic Variables to Clinical Outcomes

Additional analyses were conducted to study possible relationships between baseline and 

post-treatment clinical and immunologic variables and treatment outcomes. When 
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considering all subjects and adjusting for treatment, successful month-32 outcomes were 

associated with smaller baseline milk SPTs (P=0.012), smaller milk endpoint titration SPT 

(P=0.011), and lesser log10 milk-specific IgE (P=0.007, median milk-specific IgE 23.7 

versus 56.8 kUA/L), log10casein-specific IgE (P=0.012) and percent milk-spcific IgE 

(p=0.003), and greater baseline casein-specific IgG4/IgE ratio (p=0.007) [Supplemental 

Table 7]. After 1 year of MOIT at month 16, smaller log10milk-specific IgE (p=0.005) and 

smaller log10casein-specific IgE (p=0.012) were associated with successful month-32 OFC 

outcomes [Supplemental Table 8]. Neither baseline nor month-16 IgG, IgG4, or basophil 

activation was associated with successful month-32 OFC outcomes, except lower baseline 

log10casein-specific IgG (p=0.037). In those with successful month-32 outcomes, milk- and 

casein-specific IgE levels were lower from month 16 onward for those on omalizumab but 

not placebo. Since the administration of omalizumab typically increases the apparent 

amount of serum IgE due to the formation of IgE complexes that clear more slowly27, the 

decrease in casein-specific IgE in omalizumab-treated subjects was unexpected and likely 

reflects the effect of omalizumab on decreasing IgE production in those achieving SU21. 

However, when considering all subjects with regard to successful versus unsuccessful 

month-32 OFCs, significant differences were detected at most time points (month-32 

medians: milk-specific IgE 6.8 versus 29.8 kUA/L; casein-specific IgE 3.6 versus 17.8 

kUA/L).

For safety outcomes, placebo subjects were analyzed separately, revealing that moderate/

severe dosing symptoms or epinephrine use during dose escalation were associated with a 

baseline diagnosis of asthma (OR 8.0, 95% CI 1.2–55.3, P=0.035), and that the use of 

epinephrine during escalation was associated with increased baseline milk-specific IgE (OR 

1.17, 95% CI 1.04–1.31, P=0.008).

DISCUSSION

Given that CMA is very prevalent and has the potential to result in severe and even fatal 

reactions, and that cow’s milk is ubiquitous in the food supply, safe and effective therapies 

for those who do not develop tolerance naturally is highly desirable, not unlike other 

common food allergens such as egg, peanut, tree nuts, etc. While results of previous food 

OIT studies generally have been encouraging, concerns regarding both safety and long-term 

efficacy may limit its application in clinical practice. Therefore, improved approaches, 

including the use of adjunctive therapies such as omalizumab, deserve investigation. In this 

first double-blind, placebo-controlled study of omalizumab in patients with severe, persistent 

milk allergy, we found that the addition of omalizumab to OIT led to marked improvements 

in safety, but no significant change in the rate of desensitization or SU.

Anti-IgE was first studied as a potential therapy for food allergy using a similar anti-IgE 

molecule, TNX-901 (Tanox Biosystems, Houston, TX, USA), in which a dose-related effect 

on peanut reactivity was clearly demonstrated28, as confirmed in two subsequent 

studies29,30. Omalizumab, as an adjunct to immunotherapy, was first studied with 

aeroallergen SCIT, demonstrating significant reductions in adverse reactions17,18. 

Adjunctive use of omalizumab with MOIT was first studied in a pilot study of 11 milk-

allergic subjects in an open-label protocol19. MOIT was rapidly escalated over 7–11 weeks 
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to 2000mg and among 2301 doses, 41 were associated with reactions, with 71% mild and 

10% severe. A second small open-label pilot study used omalizumab with peanut OIT20, 

with 12/13 subjects successfully escalating to 4000mg in a median of 8 weeks with only 2% 

of doses precipitating adverse reactions.

In this study, we sought to expand on these pilot studies in a randomized trial studying both 

safety and efficacy. Subjects having weight-IgE combinations that required a dose greater 

than 750mg of omalizumab based on the algorithm provided in the package insert or the 

European dosing formula (0.016mg/kg/IgE IU) were not included in this study. Virtually all 

safety measures were markedly improved and the subject withdrawal rate and time needed to 

achieve maintenance dosing were decreased in the group on omalizumab compared to 

placebo. Significantly fewer MOIT doses were required to achieve maintenance in the 

omalizumab group resulting in a shorter escalation phase. However, there was no significant 

difference in clinical efficacy as determined by rates of desensitization or SU. In addition, no 

significant changes were detected in milk-component IgG or IgG4 responses between the 

two groups. A recent study of OIT in peanut-allergic subjects also demonstrated that OIT led 

to rapid suppression of basophil effector function, as well as decreases in dendritic cell 

activation and Th2 cytokine responses, during the initial phases of immunotherapy, but this 

suppression appeared to be temporary in most patients16.

Omalizumab therapy markedly reduces free IgE, which in turn leads to a loss of Fcε-

receptors on mast cells, basophils and APCs.24 Earlier studies showed that increased high-

affinity IgE receptor expression on APCs of allergic subjects [low or absent in normal 

individuals],31 increased antigen uptake and subsequent presentation by 100- to 1000-fold, 

i.e. antigen focusing or IgE-facilitated antigen presentation, in the induction of Th2 

responses.32 In addition, the low-affinity IgE receptor (FcεRII/CD23) is upregulated on 

APCs of atopic individuals, and B cells bearing IgE were shown to fully activate allergen 

specific T cells via CD23-dependent allergen presentation using 100–1000-fold lower 

allergen concentrations.21 With natural low-dose allergen exposure or administration of low 

doses of allergen during initial immunotherapy, this IgE focusing (IgE-facilitated antigen 

presentation) will induce activation of T cells to produce Th2 cytokines that further promote 

IgE production by B cells and in turn leads to further increases of IgE in the mucosal tissue, 

perpetuating the cycle of T-cell activation and intensifying the inflammatory response.23 

Therefore, it was hypothesized that decreasing free IgE with the consequent decrease in Fcε-

receptors would lead to a loss of Th2 responses and a more sustained increase in Th1 and T-

regulatory cell responses. Unfortunately this hypothesis was not supported by the clinical 

outcome of our study.

Strengths of this study include the sample size, placebo-controlled use of omalizumab, 

detailed immunologic assessments, and rigorous collection of data regarding adverse 

reactions. However, several potential limitations should also be noted. First, the 

omalizumab/placebo was unblinded after one year of OIT, which could limit the validity of 

adverse reaction comparisons during the maintenance phase of OIT. However, when 

observing adverse reactions from maintenance doses during the blinded period and adverse 

reactions from maintenance doses after unblinding, the placebo group continued to have 

similar, significantly higher reaction rates for most safety parameters compared to the 
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omalizumab group. Also, since it is highly unlikely that this unblinding could have any 

effect on the primary outcome, the protocol was written to decrease the study burden for the 

placebo participants by limiting the need for frequent visits and unnecessary injections. 

Second, the OIT was open label throughout, leaving open the possibility that some 

participants could have become tolerant naturally over the course of the study. While 

possible, this would be highly unlikely in older children with high milk-specific IgE and 

very low baseline challenge thresholds. Third, the wide age range could include participants 

with different phenotypes, some more likely to respond to treatment or even gain tolerance 

naturally. Lastly, the 8 week period of avoidance may be too short to identify all participants 

who would eventually lose protection, although it is very unlikely that a longer period of 

avoidance would have changed the primary outcome.

While safety is of utmost importance in the development of new therapies, especially where 

the risk of anaphylaxis is a reality, not all patients treated with OIT experience major OIT-

related adverse reactions, as noted in the majority of placebo-treated subjects in this study. 

Therefore, identifying clinical factors and/or biomarkers that distinguish high-risk subjects 

who might benefit most from adjunctive treatment is important. While no reliable 

biomarkers were identified, a history of asthma and higher baseline milk-IgE levels were 

associated with a higher risk of moderate/severe reactions or need for epinephrine as noted 

in other OIT trials10,12–16. For future studies and eventually clinical use, omalizumab should 

be considered as an adjunct to OIT in high-risk patients, although reliably identifying high-

risk individuals with available pre-treatment biomarkers remains to be achieved.

The other major obstacle in bringing OIT to clinical practice is the loss of protection that is 

seen in most patients when treatment is discontinued13–15. While it would seem logical that 

protection could be maintained by simply keeping the food in the diet after treatment, this 

has not proven easy12, even for a food like milk that is available in so many forms. In this 

study, we found that milk- and casein-specific IgE (both at baseline and after one year of 

MOIT), baseline percent milk-specific IgE, and baseline casein-specific IgG4/IgE ratio 

predicted sustained unresponsiveness.

In conclusion, the addition of omalizumab to MOIT markedly improved safety with no 

significant effects on efficacy. With or without omalizumab, most subjects could be 

desensitized to a high dose (10g) of milk protein over a 24 month period, but half had 

increased reactivity after an 8 week period of avoidance. The prospects for the treatment of 

food allergy are on the horizon, but more research is needed to develop strategies to maintain 

sustained unresponsiveness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

APC Antigen-presenting cell

CMA Cow’s milk allergy

OFC Oral food challenge

OIT Oral immunotherapy

MOIT Milk oral immunotherapy

SCD Successfully consumed dose

SCIT Subcutaneous immunotherapy

SPT Skin prick test

SU Sustained unresponsiveness

Wt/vol weight/volume
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Clinical Implications

The use of omalizumab in conjunction with oral immunotherapy dramatically decreases 

the number of dose-related adverse reactions, markedly shifting the risk/benefit ratio of 

this procedure.
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Figure 1. Consort Diagram
On the first day, dosing was initiated with 0.07mg of milk protein. Subjects were required to 

tolerate dose #6 (2.1mg) at dosing visit 1 and dose #8 (9mg) by visit 2. Daily home dosing 

was continued and subjects returned every 2 weeks for dose escalation for a minimum of 22 

and a maximum of 40 weeks. Subjects were required to reach a minimum maintenance dose 

of 520mg milk protein (equivalent to 15mL of liquid milk).
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Figure 2. 
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Figures 2a – 2d: Figures 2a&b: Casein and Beta-lactoglobulin IgG4 Levels: Casein and 

beta-lactoglobulin specific IgG4 levels were measured at baseline and months 4, 16, 22, 28, 

30, and 32. Median values are represented by the blue stars. Significant increases from 

baseline were detected within both treatment groups from month 16 onward (all P<0.0001), 

with no differences seen between the two groups. Figures 2c&d: Casein and Beta-
lactoglobulin IgG4/IgE Ratio: The ratio of casein- and β-lactoglobulin IgG4/IgE was 

calculated after IgG4 levels were converted from mgA/L to ng/mL and IgE level was 

converted from kUA/L to ng/mL with the formula (IgG4 × 1000) ÷ (IgE × 2.4). Significant 

increases from baseline were detected within both treatment groups from month 16 onward 

(all P<0.0001). The only significant difference between treatment groups was observed at 

month 4 with omalizumab subjects exhibiting decreased casein and beta-lactoglobulin 

IgG4/IgE ratio compared to placebo subjects.
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Table 1

Subject Demographics

Characteristic Omalizumab (n=28) Placebo (n=29)

Male sex, no. (%) 20 (71) 20 (69)

Age (y), median (IQR) 11.7(9.5–15.0) 9.5 (8.0–13.2)

White race, no. (%) 23 (82) 26 (90)

Additional food allergies, no. (%) 21 (75) 19 (66)

Asthma, no. (%) 20 (71) 22 (76)

Allergic rhinitis, no. (%) 21 (75) 23 (79)

Atopic dermatitis, no. (%) 12 (43) 11 (38)

Baseline milk IgE (kUA/L), median (IQR) 42.1 (9.4–83.0) 38.4 (12.2–66.2)

Baseline milk skin prick test score (mm), median (IQR) 8.8 (6.3–11.0) 8.5 (6.5–11.0)

Baseline OFC Successfully Consumed Dose (mg), median (IQR) 20 (0–100) 10 (0–100)

Omalizumab dose (IU), median (IQR) 300 (225–300) ---

*
Includes egg, peanut, tree nuts, sunflower seed, sesame seed, shellfish, fish, mustard, lamb, beef, pork, wheat.

All characteristics were not statistically significantly different between two treatment groups.
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