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Immunoglobulin E (IgE)–mediated cow’s milk protein 
allergy (CMPA) is a common condition that progresses 
favorably [1]. However, CMPA can continue into adulthood. 
Reports on anaphylaxis have shown milk to be the culprit 
allergen in severe anaphylaxis [2-3]. Interestingly, data from 
death registries show that milk-related near fatalities and 
fatalities have increased compared to those caused by peanuts 
and tree nuts [4,5]. 

Although the elimination diet is the cornerstone of CMPA 
management, oral immunotherapy is now offered in some 
centers [6]. Other forms of dietary advancement therapy 
include the milk ladder. The milk ladder is a stepwise process 
consisting of the systematic titration of milk-containing 
meals. The initial steps of the ladder involve foods that have 
been more extensively cooked in a cereal matrix. The ladder 
serves as a protocol for reintroducing food and progresses 
by introducing meals requiring shorter cooking times and 
terminates with liquid milk consumption [7,8]. 

Our study was conducted to evaluate the feasibility of 
the milk ladder in IgE-mediated CMPA (NCT03466931). 
The methods and the recipes used have been described 
elsewhere [9]. In this publication, we report the safety results. 
Exhaustive safety monitoring was carried out throughout the 
study by an ad hoc external safety committee. Reactions were 
graded using the ordinal Food Allergy Severity Score [10].

Figure. Patient flowchart showing how patients progressed throughout 
the study. DBPCFC indicates double-blind placebo-controlled food 
challenge.
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A total of 57 patients were assessed at baseline. Of these, 
38 were evaluated at the second visit. The Figure shows the 
patient participation flowchart; Table s1 describes the baseline 
characteristics. While the initial sample size estimate was 
higher, only 3 centers of the initial 5 could recruit patients 
owing to COVID-19, which also caused significant loss 
to follow-up (12 out of the 57). All 38 patients underwent 
double-blind placebo-controlled food challenge, which yielded 
positive results in 29. Three children did not initiate the 
intervention (1 was diagnosed with eosinophilic esophagitis, 
1 withdrew consent, and 1 was lost to follow-up), leaving a 
total of 26 patients who started the milk ladder. Two patients 
abandoned the study at step 1, although both tolerated the foods 
of that step. Overall, 22 patients successfully completed the 
intervention and were able to tolerate milk in any form (22/29 
[76%]). One patient did not finish owing to reactions.

A total of 220 step-up oral challenges were performed 
at the participating centers. Of these, 30 elicited a reaction 
(13.6%). Four additional reactions occurred during home 
dosing. All the reactions occurred in 8 patients (8/22 [36.4%]). 
The remainder, 63.6%, did not experience any reaction during 
hospital up-dosing or during home dosing (Table s2). Out of 
the 8 patients who presented reactions, 7 were able to progress 
across the ladder and now currently tolerate milk. One patient 
had only local oral reactions (grade 1), while the rest presented 
at least 1 systemic reaction. There were 8 grade 1 reactions 
(8/34 [23.5%]), 6 grade 2 reactions (6/34 [17.6%]), and 20 
grade 4 reactions (20/34 [58.8%]). Five reactions in 4 patients 
required adrenaline, and 12 reactions in 5 patients required 
inhaled salbutamol. Of note, 1 patient (03010) experienced 
several reactions in step 2 that were related to the presence 
of partially cooked egg in the pancake used in step 2. The 
child had previously tolerated hard-boiled egg but had never 
consumed raw or soft-boiled egg. He tolerated the subsequent 
steps by avoiding egg. 

Four reactions in 3 patients occurred at home to foods 
that had previously been tolerated. Two of the reactions were 
grade 1 and resolved without treatment, 1 was grade 2 (erythema 
and pruritus) and was controlled with oral antihistamine and 
a corticosteroid, and the third was grade 4 (only cough) and 
was controlled with inhaled salbutamol. Patient 03010 had an 
additional grade 4 reaction after consuming a pastry containing 
milk (not included in the study). None of the other patients 
experienced reactions at home. None of the patients developed 
persistent gastrointestinal symptoms or were diagnosed with 
EoE during or after finishing the milk ladder. Table 6s describes 
the symptoms of each reaction in detail. 

The overarching goal of this study was to evaluate the 
effect of the milk ladder on the development of tolerance in 
IgE-mediated CMPA. The recipes were well-received by the 
families, who found them easy to follow. The participants 
adhered to the protocols, with 1 exception, namely, a patient 
who missed doses at home. 

The safety of ladder-based protocols gives cause for 
concern, since limited data are available and safety data reports 
are not standardized across studies. In our study, 36.4% of the 
patients had reactions, most of which were grade 4 (severe), 
as opposed to previous reports, where reactions were mostly 
mild or moderate, with no anaphylaxis [11,12]. The respiratory 

symptoms recorded were mostly cough (18/20), with wheezing 
in one patient and mild laryngeal edema in another. Also 
concerning regarding the safety of the milk ladder are the 
practicalities of the intervention. These include food-specific 
factors, such as allergen quantity (as compared to oral 
immunotherapy, where the dose is very precise), heating time, 
and even distribution of the allergen throughout the food being 
prepared [13]. However, in our study, most of the reactions 
happened in the hospital, and most participants did not have 
any reactions at home once tolerance was confirmed at the 
hospital. It is important to confirm tolerance to the ingredients 
used in the recipes in order to avoid reactions unrelated to the 
food under treatment (as was the case of the patient who did 
not tolerate soft-boiled egg in our study). 

According to our experience, the milk ladder seems safe 
for most patients. However, clinicians should be aware that 
some patients may experience severe reactions. Fortunately, 
most reactions (30/34 [88.2%]) happened in the hospital during 
the step-up dosing, and those that appeared at home with 
previously tolerated doses were milder and easy to control 
by the families. We found that the patients who experienced 
reactions during the milk ladder had significantly higher 
levels of sIgE to whole milk and its components (Table 5s), 
although the severity in the initial milk reactions was similar. 
More studies with larger samples are needed to identify this 
severe phenotype. As some patients may experience severe 
reactions, it is of the utmost importance to confirm tolerance 
of each step-up dose in a clinical setting under the supervision 
of a trained allergist. Families must also be well-informed, 
trained, and committed for the duration of the intervention.
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