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To the Editor:

We conducted a pilot phase I study in 11 children (age, 7-17 years) with cow’s milk allergy
by using omalizumab (anti-IgE mAb; Xolair; Genentech, South San Francisco, Calif) in
combination with relatively rapid oral milk desensitization. We hypothesized that oral
desensitization might occur rapidly and with few side effects when performed with
omalizumab. Our primary objectives were to examine the safety of this approach and to
determine whether subjects could be dosed up to 2000 mg milk within 7 to 11 weeks of
initiating the desensitization.

Eleven patients with a history of IgE-mediated milk allergy were enrolled in the study at 2
sites—Children’s Hospital Boston and Stanford University—under institutional review
board and US Food and Drug Administration approval. All subjects had histories of acute
clinical reactions to milk, including immediate reactions (urticaria, vomiting, and/or
anaphylaxis) after ingestion of milk, as well as elevated milk-specific IgE (median, 50
kilounits of antibody (kUA)/L; range, 41.6-342 kUA/L; Table I). At entry, the median
wheal/flare skin prick test to milk was 20/50 mm (wheal/erythema diameter; range,
11-45/20-52 mm), and the median total serum IgE was 349 kU/L (range, 148-2593 kU/L).
The median age was 8 years (range, 7-17 years). Seven subjects had a diagnosis of asthma
and/or eczema. For children with IgE levels <700 kU/L, omalizumab was dosed according
to the package insert, and for the 3 children with serum IgE levels >700 kU/L, the dose was
225 to 300 mg (approximately 0.016 mg/kg/IgE [U/ mL]) every 2 to 4 weeks. During the
course of the study, subjects were asked to exclude all dairy products from their diets except
what was given as the study milk dose.

Nine weeks after the start of omalizumab treatment, oral cow’s milk desensitization was
performed in 2 phases. Rush oral desensitization occurred on the first day of desensitization,
starting with 0.1 mg of milk powder (dried nonfat powdered cow’s milk, Carnation Instant
Milk; Nestlé, San Francisco, Calif), with doses every 30 minutes to a maximum dose of
1000 mg (cumulative dose, 1992 mg). One subject (subject 7; Table I) voluntarily
discontinued the study because of abdominal migraines; eosinophilic esophagitis and other
allergic disorders were ruled out. Nine of the 10 remaining subjects reached the 1000-mg
dose on the first day of desensitization. However, 1 subject, subject 5 (Table I), after
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administration of the 1000-mg dose, received epinephrine for nasal obstruction and
generalized urticaria refractory to diphenhydramine and cetirizine. Subject 8 reacted at the
7-mg dose on the first day. Desensitization with daily doses of milk continued in the 10
subjects, with weekly increases in the dose of milk over the next 7 to 11 weeks (all dose
increases were given in the clinical research unit, and if the dose was tolerated, the dose was
then given daily at home). During the study, subjects were asked to take the study milk dose
on a full stomach and to half the study milk dose during a viral infection. Nine of the 10
patients reached the maximum daily dose of 2000 mg milk (the primary end point of the
study); the subject who received epinephrine during the rush phase of desensitization
achieved a daily dose of 1200 mg when the omalizumab was stopped (end of the weekly
dose escalation phase, week 16).

Omalizumab treatment was then discontinued at week 16, whereas daily oral milk was
continued at home. A double-blind, placebo-controlled food challenge (DBPCFC) was
performed 8 weeks later (week 24 of the study). The DBPCFC consisted of 5 doses (milk or
placebo, eg, rice or soy beverage) administered orally every 15 minutes: 500 mg, 750 mg,
1000 mg, 2000 mg, and 3000 mg (cumulative dose, 7250 mg, equivalent to 220 mL milk).
Allergic reactions occurring during the protocol were scored by using the system developed
by Bock et al.1 All 9 patients who had reached a daily dose of 2000 mg passed the DBPCFC
and an open challenge (for subjects taking their oral food challenge on the same day of the
DBPCFC [n = 4], 4000 mg was given as the open challenge; for subjects taking their open
challenge on the day after the DBPCFC [n = 5], 8000 mg was given). All 9 patients
continued with daily milk ingestion >8000 mg/d, which included different types of milk
products.

In terms of overall safety, the mean frequency for total reactions reported by week 24 was
1.6% (32 reactions of 2199 doses total for all 11 subjects; Table II). All patients experienced
some adverse events, though most reactions were defined as mild1 (1%) and needed no
treatment. There were moderate reactions (0.3%), and these included abdominal pain and
vomiting, which responded within 1 hour to oral antihistamine dosing. Severe reactions
(0.1%) included swelling of the tongue in 1 subject during the initial rush desensitization
day, which responded to oral antihistamines. Another subject developed rhinitis and urticaria
after the 1000-mg dose during the rush desensitization and responded to epinephrine. The
most common types of reactions were local (mostly pruritus or urticaria) and/ or
gastrointestinal (eg, abdominal pain), occurring with a frequency of 1%. No reactions
occurred that involved the cardiovascular system or that failed to respond rapidly to
treatment. There were 2 other subjects who were given epinephrine at home by their
guardians during the maintenance phase of dosing. One received epinephrine for a moderate
reaction that was manifested by upper lip swelling and urticaria (7.5 cm × 5cm) on the left
upper leg; the second received epinephrine for urticaria (2.5 cm × 5 cm) on the right upper
arm. In addition, this subject had wheezing, which began before the milk ingestion that day,
and which most likely was a result of a viral infection. Overall, the reaction rate in our study
was relatively low given the rapidity of the desensitization, although the rate of epinephrine
use was similar to that in previous desensitization studies. All subjects tolerated omalizumab
treatment with no signs of allergic reactions.

Previous studies of slow, deliberate oral milk desensitization in patients with cow’s milk
allergy showed that desensitization can increase the amount of milk tolerated by many of the
treated subjects.2-6 We now show that milk desensitization can be performed relatively
rapidly with minimal hospitalization time when combined with omalizumab treatment. The
limitations of our study include the small sample size, the lack of a placebo group, and lack
of a baseline oral food challenge. In addition, it is possible that our desensitization protocol
with omalizumab might be further optimized by limiting the number of milk doses during
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the rush phase; by extending the dose escalation phase over a longer period, beyond the 7 to
11 weeks used in our current protocol; and by performing the DBPCFC 12 or more weeks
after discontinuation of omalizumab.

In summary, we demonstrated that omalizumab treatment combined with oral milk
desensitization in children with clinical reactions to cow’s milk permitted rapid milk dose
escalation in the majority of subjects. This study is the first to use omalizumab in
combination with oral desensitization and demonstrates a potential value of this approach
for the treatment of food allergy, a major public health problem,7-9 although it must be first
confirmed by future phase II and III trials. Nine of the 11 patients achieved the primary
objective, tolerating desensitization to a dose of 2000 mg/d within a period of 7 to 11 weeks.
Moreover, 9 of the 10 patients who completed the study passed a DBPCFC and an open
challenge of milk without symptoms. Importantly, the 9 patients, after passing the DBPCFC,
began tolerating almost normal amounts of milk in their diet (≥240 mL, equivalent to ≥8000
mg/d). The tenth patient is tolerating 4000 mg/d.
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TABLE II

Overall safety data

Milk doses per child, mean (range) 209 (36-334)

Total doses 2301

Symptom/treatment No. (%)
of total doses

No. of reactions per
child, mean (range)

Total reactions 41 (1.8) 3.7 (1-7)

Grade 1 (mild) symptoms 29 (1.3) 2.6 (1-5)

On rush desensitization day 14

During weekly dose
 escalation phase

10

During maintenance dosing 5

Grade 2 (moderate) symptoms 8 (0.3) 0.7 (0-2)

On rush desensitization day 5

During weekly dose
 escalation phase

1

During maintenance dosing 2

Grade 3 (severe) symptoms 4 (0.1) 0.3 (0-1)

On rush desensitization day 2

During weekly dose
 escalation phase

1

During maintenance dosing 1

Total number of subjects = 11.

Grading of reactions was defined by Bock et al.1 Grade 1 (mild) reactions did not require medications, whereas for any grade 2 (moderate)
reaction, antihistamine was administered, and, in 2 cases, epinephrine was administered (by parent). Grade 3 (severe) reactions included 1 reaction
during rush desensitization with severe rhinitis and moderate urticaria, treated with epinephrine (by physician); 1 reaction of generalized urticaria
and severe rhinitis during the DBPCFC treated with antihistamines; 1 reaction of tongue swelling during the rush desensitization responding to oral
antihistamines; and a reaction of severe abdominal pain during the home maintenance dosing, resolving with antihistamines. Reactions occurring at
home were self-reported in diaries up to 24 to 28 weeks and were reported by phone or electronic mail throughout the study. Ten subjects have
completed all 52 weeks of the study; reporting is complete for all subjects up to 36 weeks of the study.
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