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SUMMARY







Summary

IgE mediated Cow’s milk protein Allergy (CMPA) is one of the most common
causes of food allergy among paediatric patients across the globe. The classical
approach to management of this disease is the avoidance of milk products until
they naturally outgrow the allergy and can introduce milk into their diet. In the
last decade, other novel ways of treating CMPA have been arising in different
allergy centres across Europe, including home introduction of milk using an
escalated milk product plan “Milk Ladder” and “early gradual milk introduction®
in hospital, with continued treatment as outpatient, giving a new, more active

role to caregivers and health care workers.

The main objective of this project is to compare the rate of acquired full
reintroduction of milk of three different IgE-mediated CMPA treatment

strategies.
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Infroduction

The burden of food allergies

Allergy is a major problem in our society. It constitutes a significant cause of
morbidity worldwide and is a considerable burden on the health and medical
systems of both developed and emerging economies. Allergic diseases include
a broad spectrum of conditions that includes asthma, rhinosinusitis, atopic
dermatitis and life-threatening food, drug, and stinging insect allergies. They
affect at least 30% of the population and nearly 80% of families (1). All allergic
diseases are characterized by a distinct pattern of inflammation that is largely

driven via immunoglobulin E (IgE)-dependent mechanisms (2).

Food allergies (FA) are an emerging healthcare issue. There are extensive
data that document the prevalence rate to be as high as approximately 10% (3).
There are several differences in the prevalence of different food allergies. However,
most countries reported an increase in food allergy prevalence (4). In the case of
Ireland, it affects 4% of infants, with the dominant foods being cow’s milk, egg

and peanut with similar values being found in different countries in Europe (5).

Cow’s milk protein allergy (CMPA) is one of the most common food
allergies in infancy and childhood, affecting approximately 1% of Irish infants
and between 0.3 and 7.5% of infants in Spain (6,7).

The impact of food allergy on children and their families is substantial,
involving safe dietary substitution of growth-critical foods, food safety awareness
and the availability and confidence in use of rescue medications, including
adrenaline injections. Cow’s milk allergy is considered one of the most prevalent
food allergic diseases in children. There are major direct and indirect impacts of
CMPA, not only for the patient and the family, but also a substantial economic
burden on the health system (8).

17



18

RETROSPECTIVE COMPARISON OF IGE-MEDIATED COWS MILK PROTEIN ALLERGY
MANAGEMENT IN THREE COHORTS

1.2 Clinical manifestations of CMPA

CMPA is the first of the allergies to be diagnosed in an infant, usually starting
with the introduction of infant cow’s milk-based formula. In about 60% of cases,
it manifests after the first intake and rarely initiates after the first week of formula
introduction. Occasionally, it also appears after skin contact and even kisses
with someone who has been in contact with milk. CMPA can even present if the

patient is exclusively breastfed (9).

1.2.1 Types of allergic reaction

Immediate allergic reaction

Allergic simptoms appear from minutes to two hours after exposure to cow’s
milk. It usually presents as IgE mediated sensitization (positive Skin Prick Tests
(SPT) and/or positive specific IgE) with involvement of the skin (70-75%),
abdomen (13-34%) and respiratory reactions (1-8%). You could also see more

than one affected organ (26%) and even anaphylaxis (1-4%) (10).

Major symptoms include:

+ Anaphylaxis. The most severe CMPA manifestation. Usually associated
with early skin manifestations (local or generalized urticaria, angioedema)
digestive (oral allergy syndrome, abdominal pain, vomits or diarrhoea),
respiratory (80% of the cases: dyspnoea, bronchospasm, stridor, hypoxemia),
cardiovascular (20% could have hypotension, syncope or shock) and

neurologic (tremors, confusion, seizures and syncope) symptoms (9-11).

« Gastrointestinal manifestations: CMPA could have symptoms from the
mouth to distal lower intestines. It could present as rejection to baby bottle
associated with crying and irritability, with no other clinical manifestations.
Other presentations include an oral allergy syndrome (OAS) which includes
lip and tongue angioedema, oral pruritus and swallowing complaints after

the ingestion of milk. Stomach and small intestine symptoms will manifest
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1.2 Clinical manifestations of CMPA

as nausea, vomits and colic-like abdominal pain. Large intestinal symptoms

manifest as abdominal pain, diarrhoea, and occasionally bloody stools (9-11).

+ Respiratory Symptoms: Usually presented together with other systemic

manifestations. They can present as asthma or rhinitis secondary to cow’s milk

ingestion. Usually associates with severe allergic reaction. Inhalation of boiled

cow’s milk fumes could also create severe respiratory symptoms (9-11).

+ Cutaneous symptoms: Most frequent manifestations. Includes erythema with

or without acute urticaria or angioedema (9-11).

Delayed reactions

Also called non-IgE reactions (negative SPT and specific IgE for milk). Symptoms

appear usually after 2 hours of milk ingestion. Digestive symptoms are the most

common type.

For the purpose of this research project, we will refer as CMPA only as IgE-

mediated CMPA (immediate allergic reaction).

CMA

IgE MEDIATED ‘

‘ NON IgE MEDIATED ‘

‘ MIXED IgE E NON IgE MEDIATED

SKIN REACTION
Urticaria
Angioedema
Erythema
Pruritus

CARDIOVASCULAR
Tachycardia
Dizziness
Hypotension

Loss of
consciouness/fainting

ANAPHYLAXIS

A severe, life-
threatening, rapidly
evolving, generalized or

systemic hypersensitivity

reaction

RESPIRATORY
REACTION

Asthma and Rhinitis
secondary to
Ingestion or
Inhalation of CM
Pruritus

Sneering

Nasal congestion
Hoarseness

GASTROINTESTINAL REACTION
Oral allergy syndrome
Colicky abdominal pain

Nausea
Vomiting
Diarrhea

FOOD PROTEIN
INDUCED
ENTEROCOLITIS
Involved the
entire
gastrointestinal
tract

FOOD PROTEIN
INDUCED
PROCTITIS/PROCTOC
ouTs

Involved the rectum
and colon

FOOD PROTEIN
INDUCED
ENTEROPATHY
Involved only the
small bowel

FOOD PROTEIN
INDUCED PULMONARY
HAEMOSIDEROSIS
(HEINER SYNDROME)
Upper respiratory tract
symptom

Failure to thrive

Iron deficiency
Anaemia

EOSINOPHILIC

GASTROENTERITIS

Ascites
Weight loss
Edema
Obstruction

ATOPIC
DERMATITIS
Moderate-to-
severe rash

EOSINOPHILIC
ESOPHAGITIS
Feeding disorders
Reflux symptoms
Vomiting
Dysphagia

Food impaction

Figure 1 Clinical presentation of cow’s milk protein allergy CMA: Cow’s milk allergy (Figure

taken with permission of Gianetti et al.) (11)
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1.3 Allergens

Allergens are substances, proteins in most cases, that induce IgE responses (first
a sensitization phase and a clinical response in subsequent exposures) (12).The

subsequent response needs the binding of an allergen to IgE receptors.

1.3.1 Major and relevant minor allergenic molecules

We defined major and minor allergens depending on the IgE-binding frequency

classifying it as a major (> 50% IgE-binding) or minor (<50% IgE binding) (13).

In the case of cow’s milk, it contains 30-35g of proteins per litre. These
proteins are divided in 2 fractions: curd (coagulum) with 80% of CM proteins
and whey (lactoserum) with 20% of proteins. The major allergens of CM are
casein, betalactoglobuline and alpha-lactalbumin. CMPA patients are usually

poli-sensitized to different allergens. (See Table 1) (14).

Table 1. Major and minor cow’s milk (CM) allergens, sensitization and cross reactivity
(figure taken with permission) (14)

Sensitization

rate % among

those reactive
to CM

Laboratory Clinical
Cross- Cross-
reactivity reactivity

Allergen name Allergenicity

Curd fraction (coagulum)

Caseins (Bos d 8) Major 63 >90% with other

Alpha  -casein (Bos d 9) Major 98* >85% with ma.rnmalian

Alpha  -casein (Bos d 10) Major 94* Sg}z)e;p;ilﬁf 20 ‘y?lvlvlili;i?re s

Beta -casein Bos d 11) Major 91* caseins milk 29 and

Kappa-casein (Bos d 12) Major 91* donkey milk 30
Whey fraction (lactoserum)

Alpha-lactalbumin (Bos d 4) Major 51

Beta-lactoglobulin (Bos d 5) Major 61

Bovine serum albumin (Bos d 6) Minor 43 wifl? ll)f)ee ¢ witilsr-jv?rlﬁee ¢

Inmunoglobulins (Bos d 7) Minor 36

Lactoferrin Minor 35
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1.3.2 Heat stability of major allergens and clinical
relevance

Whey proteins (alpha-lactalbumin and beta-lactoglobulin) are heat-labile,
therefore the baking milk will affect the allergenicity of these CM proteins,
whereas casein (curd) has been more resistant to heating compared to whey

proteins (11).

The implication of this mechanism in management of CMPA will be

explained in greater detail later.

1.4 CMPA Resolution

There is no unified treatment of CMPA. Traditionally, it was thought to be a
transient allergy with a high rate of resolution in childhood. However, the
resolution rate is not heterogenous across different studies. Different resolution

rates depending on the study are shown in Table 2 (11).
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Table 2 Natural history of CMA in different populations and settings (adapted from

Gianetti et al.) (11)

Number of Population /Study  Tolerance Age of
Author, Year . .
Subjects Design Rate Tolerance
56% 1
. 77% 2
Host. et al., 2002 fjeﬁjtigd‘? Sﬁi‘; r:g{ii‘;‘;‘p“twe 87% 3
92% 5
97% 15
. 44% 2
Vant. et al., 2004 1 Iizefiiiti%l;} Referral retrospective 69% 3
77% 4
Garcia-Ara et al., 66 IgE . 0
2004 mediated Referral retrospective 68% 4
51% 2
Saarinen. et al. 118 (75IgE  General prospective ’
2005 mediated) birth cohort 74% >
85% 8.6
19% 4
805 IgE . 42% 8
i 2 ferral
Skripak et al.2007 mediated Referral retrospective 64% 1
79% 16
Fiocchi et al., 2008 112.IgE Referral retrospective 52.7% 5
mediated
Martorell et al., 112 IgE . 0
2008 mediated Referral retrospective 82% 4
Santos. et al., 2010 170.IgE Referral retrospective 41% 2
mediated
Ahrens. et al., 2012 >2 ‘IgE Referral retrospective 61.5% 12
mediated
. 54 IgE General prospective 57.4% 2
Elizur. 1., 2012
Ehie mediated  birth cohort 65% 4
293 IgE
Wood F. et al.2013 93, 8 Prospective 53% 5.5
mediated
20% 2
Yavuz, et al., 2020 nlljfhigtf | Prospective 34% 4
39% 6
EuroPrevall, European
Schoemaker. etal, 55 population-based 57% 2

2015

prospective
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Diagnosis of CMPA

Diagnosis of IgE-mediated CMPA is made on the basis of a compatible
history, including improvement after avoidance and the presence of a positive
diagnostic test using skin prick test or specific IgE. The oral food challenge
is the gold standard for diagnosis of CMPA. However, in children less than
1 year old, it is a common practice to make a diagnosis with allergy tests
(skin prick test and/or Specific IgE) and with a focused clinical history that
describes IgE symptoms (within the last 3 months). The diagnostic oral food
challenge is selected only for doubtful cases (15) several guidelines have
argued over the use of oral food challenge (OFC) to diagnose CMPA(16). The
Diagnosis and Rationale for Action against Cow’s Milk Allergy (DRACMA)
Guidelines from the World Allergy Organization (WAO) highlighted the
necessity of Oral Food Challenges in the initial diagnosis (17). Meanwhile,
other societies recommend against its use, due to its lack of practicality. The
British Society of Allergy and Clinical immunology (BSACI), for example,
highlighted no need of OFC in patients with a wheal size of cow’s milk prick
test > 6mm in children less than 2 years old and >8 in children older with
a 100% specific positive challenge (15,18). From the empirical and real-life
settings view in allergy clinics, the use of a clinical history and positive values
of skin prick testing or specific IgE is considered sufficient for diagnosis of
IgE-mediated CMPA (5).

Even though molecular allergy is considered a useful tool for monitoring
natural tolerance and reactivity to baked milk, it is not a recommendation for
the standard evaluation of CMPA. The use of cut off points off the skin prick test
and specific IgE to determine the decision making of the reintroduction of milk
is still a normal practice in patients that are treated with strict avoidance of milk
using these parameters to decide the moment of reintroduction of milk with an

oral food challenge procedure (see Table 3) (14).
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Table 3 Proposed specific IgE decision point for CMPA diagnosis (14)

OFC to regular (non-heated milk)

SPT to CM, mean wheal
diameter (mm) CM-IgE [KUA/L]

>15
Defer >95% PPV >8
> 5 if less than 1 year old 17
Perform <50% PPV Not done <5
OFC to baked milk
S?T to CM, mean wheal CM-sIgE [KUA/L]
diameter (mm)
Defer >95% PPV Not done >24.5
Perform >90 NPV <12 <9.97

SPT to Casein, mean

wheal diameter (mm) Casein-sIgE [KUA/L]

Defer >95% PPV Not done 10
Perform
>90 NPV <9 <5

<50% PPV
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1.6 Prevention of CMPA

Several strategies have been introduced in the prevention of CMPA, usually

divided in three categories:

« Primary prevention of initial IgE sensitization which involves the
understanding of the mechanism of development of CMPA. Several factors are
involved in this, which include allergy related family history, environmental
factors, maternal diet during pregnancy and, of course, the involvement of
breastfeeding (Figure 2)(19).

« Secondary prevention of the disease progression from mild to moderate to
severe symptoms or another allergy phenotype (20). The strategies include
the use of extensive hydrolysed formula (eHF), partially hydrolysed formula

(pHF), amino acid-based formula and modulation of the microbiome.

« Tertiary prevention in children with established CMPA is based on avoidance
off allergenic food and treatments that target tolerance induction (21).This

will be addressed in the next chapter.

SENSITIZATION

0

iy
T 3k ’/ml\\\‘-'_';& e
/:;:LT m‘c;‘:ﬂz — - :E:iclnq\;:‘/_’ ASTHMA/RHINITIS

y 3 % | e IgE-MEDIATED CMA
\ > A
IL-4
Mucir  TCR 1L-13 ?
# = NON-IgE MEDIATED CMA
Primary Primary Secondary prevention
prevention prevention and treatment
CMA Vaginal Delivery CMA
Partially hydroly Early Weaning Extensive mill hydrolysates  fiaieas
Early lnt’bductlon? Aming acid formula
Prelprobotics? Baked milk?
PUFA?
Asthma / rhinitis
Anti-histamines
Corticosteroids

Figure 2. Schematic diagram on primary, secondary and tertiary prevention in cow’s
milk protein allergy. CMA: Cow’s milk Allergy, PUFA: Polyunsaturated Fatty Acid, IL:
Interleukin, TCR:T-cell receptor, MHCII: major histocompatibility complex II (19)
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1.7 Treatment of CMPA

1.7.1 Strict Avoidance of CM and derivatives

Complete avoidance of milk protein is still the usual treatment in several countries.
When possible, it is advised to continue with breast milk, or a substitution with
a specialized hypoallergenic formula (hydrolysed or amino acid-based formulas)

if breastfeeding is not available (22).

To avoid the persistent symptoms, the elimination diet must be effective and
complete. The usual strategy includes information and support of a dietician to

explain the most accepted foods and possible substitutes.

The periodic follow up of patients is necessary to avoid prolonged use of a

strict avoidance diet (18).

Periodic re-evaluations every 6-12 months with laboratory testing and oral
food challenges are recommended. A drop in CM specific IgE by 50% or more in 1-2
years is a favourable prognostic indicator of natural tolerance (23). This approach

will often result in an exclusion of milk products until 2-5 years of age (24).

Despite the labelling of food with proper indications being mandatory
by law in most countries, including the EU, accidental exposure still occurs.
Contamination of food in restaurants, canteens and other settings are possible.
One study followed 80 patients with CMPA until the achievement of tolerance
or up to the age of 18 years finding accidental ingestion of milk in at least a third
of them (25).

Even though that milk avoidance is the usual first-line treatment across
several countries, in the last decade its use is no longer as widely accepted as it
was before. For instance, there is evidence that children at their first year of life
have limited success in the reduction of food sensitization and food allergy with

and milk avoidance treatment (21).
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1.7.2 Role of baked milk and the use of food ladder/
home re-introduction milk strategy

As discussed previously, the baking process alters the structure of different milk
allergens changing its stability and subsequently creating a decreased allergenicity
(decreased IgE binding) (11). In many cases, this is because of the destruction of
conformational epitopes (antigenic determinant that binds with the IgE receptor)
of milk proteins. Children with transient milk allergy are considered likely
candidates to tolerate baked-milk products (26). Several studies reported good
tolerance to baked milk introduction in children, even reporting to accelerate
tolerance to fresh milk (27,28). This is supported by the observation that an
increase in the intensity of IgG4 binding to CM epitopes occurred concurrently
with a decrease in IgE-binding intensity among patients who recovered early
from CMPA. The production of IgG4 induces tolerance by blocking the binding
of specific IgE to allergen (22). Therefore, it can be hypothesized that the
gradual introduction of denatured epitopes of baked milk proteins promotes the

production of IgG4, thus inducing tolerance in milk allergic patients (Figure 3).

H

eat
Casein
O 1 a l IgE binding intensity

Betalactoglobuline

¢
<
-
Alpha lactalbumin

Uncooked cow's milk Baked product Regular consumption of milk product

Figure 3. Proposed mechanism of the baked milk tolerance acceleration
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Trying to develop a successful reintroduction of milk protein, or in
some cases tolerance of milk (definition depends on the literature) could be
achieved by using two different approaches. The first option might be with the
introduction of food that contains baked milk such as pizza or muffins with the
use of supervised oral food challenges (28). The second approach will be by the
use of ladders, that in this context means a stepwise progression from extensively
heated to less heated food. This strategy was primarily used in the treatment of
non-IgE mediated milk allergy only, however their use in IgE-mediated allergy

has increased as surveys have demonstrated (29).

The first published ladder was the Milk Allergy Primary (MAP) guideline
in 2013, indicated for mild to moderate non-IgE mediated cow’s milk allergy.
This is a 12-step approach focusing on typical British foods. An international
(IMAP) version was published in 2017 (shortened and improved). A complete
strategy and guideline using a milk ladder for IgE mediated CMPA is not yet
established. However, its empirical use in several countries has increased in
the last decade. A 2017 publication showed that 60% of surveyed physicians
acknowledged using the MAP and the IMAP ladder for IgE-mediated allergies
(29). With the introduction of this ladder, other allergy societies (like the Canada
allergy society) have decided to adapt and create their own ladders (30).

One research study published about the use in IgE-mediated disease was
done by Ball et al. in the United Kingdom (31). This is a real-life retrospective
study of the use of an adapted milk ladder management for CMPA IgE mediated
(see Figure 4). The strategy uses four stages that starts from baked milk product
(biscuit) with increases in different amounts, with a progression of volume and
levels of baked milk through all stages. In Stage-4, the products are uncooked
and finished the stage with the introduction of milk. They considered an official
4+2 months follow up to progress to the next stage. The study retrospectively
recollected information of 86 patients, with only 8 patients not achieving toleration
of all dairy products, 43% of them presented some sort of allergic reaction during
the management, with no anaphylaxis diagnosis that required intramuscular

adrenaline. The authors highlighted the good compliance of the patients, with
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very few episodes of accidental or inappropriate diet exposure. Their approach
during this milk strategy included the use of not only baked milk products,
but the necessity of low doses of it during the first stage. This was a process of
approximately 5 weeks, with a first introduction of malted biscuit product. The
beginning phase starts with the ingestion only of a small crumb per day for a
week (about 0.35mg of milk protein), and then increasing the amount until a
total of between 23 to 43mg of milk protein is ingested (31). The most interesting
part of this study comes not only from the achievement of full reintroduction
of milk at this age, but the idea of having a safe and successful home-based
introduction strategy for IgE-mediated CMPA. Finally, the study discussed an
important thought: Are we just using a new method of introduction of milk for
patients that already have self-resolved their IgE mediated CMPA due to the
natural course of the disease? Or is this also a method of oral immunotherapy to
induce tolerance in someone who would not develop tolerance by themselves?
The only way to even have some sort of answer would be with further studies
that compare different strategies of milk reintroduction, as our study aimes to
do. For now, the term “home reintroduction of milk” would be more suitable as
it does not suggest that this is a new method of oral immunotherapy (OIT), but
a different treatment strategy for the management of IgE mediated CMPA. OIT

will be explained later doing this manuscript.
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Child <3 y old presenting with IgE mediated CMPA with: YES to ANY, proceed to
* Allergic reactions with trace baked milk contact. _— hospital-based baked

e Previous respiratory or cardiovascular symptoms. milk biscuit challenge.

* Recurrent wheeziness (or suspected asthma).

e Skin prick test weal size >8 mm. NO to ALL, proceed to
e Parents/carers not able to understand programme. } dietetic appointment to
e Parents not willing to follow programme at home. start home-based

e Lack of medical/dietetic support or review available. reintroduction.

Start of home-based reintroduction programme
Stage 1: Introduction of baked milk biscuit progressing to Stage 2.

- E Stage 2: Introduction of other baked milk foods starting with trace amounts.

o £ —

on ©

g £ » Increased amounts of biscuit or other baked milk foods only as per written protocol.
b g

E " ® Parents/carers encouraged to contact dietitian (via office telephone or email) with

e 5 any concerns for further advice.

w >

6 B~

s

® E First formal review

28

g % Dietitian assesses tolerance.

F 2 L e Symptoms during Stage 1 - continue stage 1 on amount tolerated.

* Symptoms during Stage 2 — continue stage 1 and retry stage 2 in 2-3 mos.
__» Symptom free on regular Stage 2 — discuss stage 3 as per protocol.

= Concerns over reactions or failure to follow programme (anxiety/not following
advice), stop introduction and consider supervised milk challenge at later date
(Applies at all stages).

Second formal review

Dietitian assesses tolerance as per 1% review (Stage 1 and 2 tolerance).

Time scale of 1% to 2™
formal reviews = 4-6 months

- e Symptoms during Stage 3 - continue lower doses or return to stage 2. Retry
traces of Stage 3 in 2-3 mos.

— e Symptom free on regular Stage 3 —discuss stage 4 as per protocol.

= Arepeat skin prick test can be useful at this stage to assess improving
tolerance or resolution.

4-6 months

Third formal review (and onwards)

Dietitian assesses tolerance as per 1st and 2nd review (Stages 1, 2 and 3 tolerance).

Time scale of 2" to 3"

formal reviews

* Symptoms during Stage 4 — retry traces of Stage 4 in 2-3 mos.
* Tolerating Stage 4 — full tolerance and discharged.

Figure 4 Management of home-based Milk introduction cow’s milk protein allergy (CMPA)
IgE mediated (31)
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The latest study to evaluate the use of the milk ladder as a method of home
introduction to milk for those with IgE-mediated CMPA was conducted by d’Art
et al. published in April 2022 (5). This was a randomized trial to evaluate the
progression through the milk ladder of infants who received a single dose of
the elicited dose of milk (ED05) compared to the control group who did not
receive a single dose of EDO5, this is also the first published prospective study on
the effectiveness of the MAP milk ladder for infants with IgE mediated CMPA.
Unlike previously described trials, this study excluded children who were already

tolerating baked milk.

They concluded that the very act of giving infants a single low dose of
cow’s milk in the presence of their mothers promoted parental confidence in
home introduction, leading to accelerated progression up the milk ladder. This
is supported by previous single dose studies of ED05 of peanut and milk (32).
While it was to be expected that some children would have mild symptoms
when transitioning to a higher step on the milk ladder, no serious or unexpected
adverse reactions occurred in children progressing through the ladder. Three
accidental exposures to milk occurred over the course of the study, all of these

happening outside the home in childcare settings and relatives” houses (5).

Due to the limited efficacy of the avoidance diet, new ways to treat food
allergy emerged this will contribute with the changes in the way we approach
CMPA and food allergy in general (11).

Oral Immunotherapy

Oral Immunotherapy (OIT) involves the mixing of allergenic food into a vehicle
and consuming it in gradually increasing doses (33). This could prevent allergic
symptoms and reduce the risk of severe anaphylactic reaction. This progressive
increase of doses (usually increasing the milligrams of proteins per dose) aims
to reduce allergic symptoms in accidental exposures. In other words, attaining
desensitization and, if possible, permanent tolerance (nowadays it is preferable

to use the term “un-sustained response”) of the culprit food.
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In summary, oral desensitization isa reversible state of a non-allergic response
after gradual introduction of the food allergen. This state could disappear after
sudden avoidance of the allergen. In the case of tolerance, the state is permanent,
and the allergic symptoms won't reappear if we decide not to ingest the culprit
food regularly (34). From the particular point of view of allergy research, the
term un-sustained response is preferable until a full tolerance result is achieved
(that includes observation of the patient response the food for several years).
On this manuscript, these two terms are used as synonyms because research
literature uses these terms similarly, and the difference will be usually due to the

year of publication of the study (Figure 5).

Avoidance Oral Immunotherapy Withdrawal

Sustained
unresponsiveness

Allergy

]
o
=
]
=i
-
=1
z
(5]
=]
=]
o
(™S

Food consumed
FOOD CHALLENGE
FOOD CHALLENGE

1 A A J
o

T T
Dose Updosing Maintenance
Escalation

Figure 5 Typical approach to food oral immunotherapy

Mechanism of OIT

Despite the use of OIT being reported for the first time in animals in 1909 (35),
the exact immunological mechanism is still not fully understood. However, it is
already known that it reduces the activation of mast cell and basophil mediators.
It also increases the levels of specific IgG » decreases levels of specific IgE, activates
the pathways of specific T regulatory cells and inhibits the response of T helper
2 cells (TH2)(36).This proposed mechanism and other mediators can be seen in

Figure 6.
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Allergic reaction | Tolerogenic reaction
Cow’s milk / \ Allergen Immunotherapy

. DC 5 Modified cow’s milk proteins:

i - heat-treated
' & i
/ \ o @ -t hydrolyzed
l ’/‘/ +  Breg: B-regulatory cell
B

proteins

l IL-4, 1L-13 DC: Dendritic cell;
IL-10, TGF- +  ILCreg: Regulatory innate lymphoid cells;
f— > +IL:interleukin;
T | +  TGEF- B: transforming growth factor Béta;

i
= IgG4: Immunoglobulin G 4;

' .
IEE/ISGd' IgE/1gG4 ' »  IgE: immunoglobulin E;

ratio ratio Treg: T regulatory cell;
Th2: T- helper 2 cell

Figure 6 Proposed mechanism of Immune response in the allergic versus tolerant state for
cow’s milk proteins (37)

OIT in CMPA

At the moment, OIT is potentially indicated in CMPA patients unable to achieve
positive results with milk avoidance. The European Academy of Allergy and
Clinical Immunology (EAACI) recommends OIT for CMPA in children around
4-5 years of age in order to increase the threshold of reaction while on treatment
in children with persistent CMPA (38) Even though it is used widely in many
different countries, a standardized protocol for OIT hasn’t been established yet,
mostly due to the different methods that are established differ in timing, doses
and type of food (heated or not) (39).

Perhaps because of these differences in the methodology, the results of the
different clinical trials (Table 4) differed in the effectiveness of oral immunotherapy
in CMPA and the convenience of OIT for partial or total tolerance of milk in

these patients. For this reason, EAACI has not given a recommendation yet (36).
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1.7.4 Early introduction of milk using an OIT strategy in
young infants

As described, the use of CMPA OIT is commonly started in patients between
4-6 years, and very little research has been done in patients less than one year
old. The first introduction of this type of management was in 2011 by Reche et
al. which did a case control study of 20 patients comparing milk avoidance and
an OIT protocol, with a one-year follow up. After this period, all OIT patients
were tolerant to milk in comparison to 3 that were tolerant in the control group
(p=0.003) (40). Following the same pathway, three more studies have investigated
the use of early introduction OIT in young infants, with similar results (no severe
adverse effects, high rate of compliances, average time of 6 months) as explained
in Table 5 (41-43).
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Discrepancies in the structure of the research

The main controversial point about the use of this type of management is
the outcome. It is not yet clear if it is used as a way to achieve tolerance
or desensitization. Two studies decided to include patients and diagnose
them with CMPA without the use of a food challenge (41,43). One of them
used an open food challenge protocol to establish the diagnosis (42). The
reason for this incongruency relies on presumption that, although the main
diagnosis of a food allergy is an oral food challenge, due to its impracticality,
the investigators decided to use a clinical diagnostic approach in most of the
patients. Another substantial issue is that there is not an available way to
verify the achievement of tolerance. Due to the age of the patient and again
the impracticality of the procedure, all the participants that passed the OIT
treatment continued eating cow’s milk products without any washout period

and re-introduction using and OFC.

Is it an OIT or a reintroduction management?

Finally, the main point of discussion is if the patients were going to achieve a
spontaneous resolution of CMPA disease with or without this treatment. The
three studies that have considered this subject concurred that it is too early to
know and that further long-term data and new research are needed to answer

those questions (41-43).

For the purpose of this study the use of OIT in young infants less than
one year was not considered an immune tolerance strategy due to the lack of
evidence. However, it was considered a useful tool of reintroduction of milk in

patients.
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1.7.5 General view of the evolution in the treatment of
CMPA

With this evolution of treatment strategies, the active role of caregivers and
healthcare professionals in the management of CMPA has changed our main
responsibilities from passive observer to an active promoter of milk reintroduction
and tolerance. A summary of the milestones in the development of treatment for
CMPA is shown in Table 6 and Figure 7.

Table 6: Milestones of the development of treatment of CMPA

1909  First recorded use of OIT in animals (35)

Allergenic IgE and IgG antibodies for b- and k-casein and alpha(s1)-
2001 casein epitopes were identified, with higher levels of these IgE (44-47)
antibodies associated with persistent CMPA.

A significant number of Infants who consume AAF achieve tolerance

2002
00 by 20.5 months

(48)

Children aged 6 years or more with severe CMPA found to be

2004 tolerating a daily intake of cow’s milk following 6 month OIT protocol

(49)

Significantly smaller SPT mean wheal diameters and significantly
2008 greater casein-IgG4 concentrations were shown in CMPA patients (27)
who ingested baked milk products forl 3 months.

Subjects who incorporated dietary baked-milk were more likely to

2011 become unheated milk-tolerant. (26)
Infants with mean age of 3 months with CMPA who underwent an (40)
OIT protocol became tolerant to milk
Publication of Milk Allergy Primary (MAP) guideline in 2013 for

2013 . B (50)
non-IgE mediated cow’s milk allergy
International version of milk ladder (iMAP) published 51)

2017 Consumption of Lactobacillus rhamnosus probiotic with eHCF (52)
promotes tolerance to cow’s milk

2018 Clinical trial evidence showing improved tolerance to fresh milk (28,53.,54)

following baked milk introduction compared to strict avoidance.

First study to assess the effectiveness of the milk ladder in IgE
2019 mediated CMPA, with most children completing the ladder and (31)
tolerating almost all dairy products.

Large trial in infants under 1 year showing increased tolerance to

2020 cow’s milk following OIT protocol

(43)

2022 Parental anxiety correlates with progression through the milk ladder (5,31)
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Milk Avoidance R Milk OIT
« Involves switching to an EHF or . ¢ The EAACI recommended treatment
AAF formula 9 x - in children aged 4-5 years with CMPA
« Variable rate of natural tolerance . . r'?]?;;zzz‘s;‘sg-hl:ggs&ng and

acquisition, with allergy often
persisting into adolescents.

Wide range of reported tolerance to
cow's milk, but target doses vary

Standard treatment of CMPA for ;
the past number of decades, among stu_d_|es. . )
. . Many participants experience mild
however, evidence regarding . ; )
— allergic reactions during the

effectiveness is sparse. protocol.

Parental anxiety and increase ’ .
) : = = Severe allergic reactions have been
risk of anaphylaxis ) .
recorded in some studies.

N l g
@
Milk Ladder o= Early introduction to milk using an OIT

o iMAP milk ladder designed for n protocol
non-IgE CMPA, however, has « The most recently developed
been employed for IgE mediated treatment of CMPA aimed at
CMPA in many countries. infants with CMPA.
Shown to reduce IgE levels and « A small number of studies show

increase 1gG4 levels. a high rate of tolerance

* Most children with CMPA reach acquisition in young infants
the top of the ladder, regardless undergoing an OIT protocol.
of CMPA severity. o Prompt diagnosis and

¢ Parental anxiety a barrier to commencement of treatment a
progression, but prescribing a significant factor in success of
single dose of cow's milk in the this treatment

clinic reduces this anxiety

Figure 7. Summary of CMPA treatments
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1.8 The situation of allergy and differences
in management in two European countries

National health systems across Europe widely differ in terms of allergy services
provided and access to specialised healthcare professionals. In addition, recent
statistics revealed a deficit and growing disparity in the number of allergists in
Europe (55).

The promotion of good patient care requires insight into the current state
of allergy services across Europe. Identification of barriers and opportunities are

needed to improve health care provisions (56).

As seen in Figure 8, the difference in the amount of allergy centres across
EU countries differs substantially. For the purpose of this study, we focused on
the management strategies of CMPA in two different countries: Spain and The

Republic of Ireland.

1.8.1 Ireland

Nowadays, allergic diseases are treated in two main cities in Ireland: Dublin and
Cork, with only four paediatric allergists (3 in Dublin and 1 in Cork) across the
country. Fifteen local hospitals treat patients with allergies, with only two having
resources for allergy care (prick test and oral challenges)(57). There is no adult
allergist in Ireland. However, the clinical immunologists across the country takes

care of allergy diseases in the adult population (58).

Several complexities of allergic diseases are treated in the two allergy centres.
(57) However, due to the increased number of patients, waiting lists (in 2020
routine waiting list was longer than 18 month in both cities) and the lack of

human resources, the care of the patient is severely jeopardized.
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1.8.2 Spain

Spain has 2 types of Allergy schemes: Allergy and clinical immunologist scheme
(4-year training program) and paediatric allergist scheme (trained in paediatric
sand subsequently 2-year allergy training). The latter doesn't have an official
recognition by the Spanish Health Care System, although it has the accreditation
of the European Training Committee — Paediatric Allergology (ETC-PA), a
working group of the Paediatric Section of EAACI and the European Union of
Medical Specialists (UEMS), section of paediatrics (59). The usual coverage of
allergists in Spain is not well distributed across all the communities, however it is

totally consolidated in the country with a quality training scheme (60).

g

A

L

W Fulspecialty
Subspecialty
M No subspecialty -s

Figure 8 Overview of countries with a specialty (green), subspecialty (yellow) or without a
(sub)specialty (red) in EU (56).

The possibility of a fast-track referral and subsequently a brief return or
follow up is crucial for allergy patients. Children with food allergy need to have
appropriate access to a medical expert and diagnostic support. Since the level of
uncertainty about future reactions is a major concern for patients, an appropriate
use of the services, with better protocols and adequate management of the

common allergy diseases should be a priority (61).
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Difference in management

As every country has its own guidelines, differences in the management of CMPA
are common. Being a paediatrician that has been working in both countries for
more than 11 years (>2 years in Ireland and 9 years in Spain), different strategies
to treat CMPA are one of the reasons to develop this study. On one hand, the use
of strict avoidance of milk is the most common approach in Spain. The use of
OIT as a second line of treatment if the patient does not have a natural tolerance
after milk avoidance is used in a tertiary level of allergy centres. However, there
is only one centre, Hospital Miguel Servet in Zaragoza, which is using an early
introduction of milk protocol in young infants less than one year old as a routine
treatment for CMPA. To the best of our knowledge, no hospital in Spain uses
home-based introduction of milk using milk ladder for IgE mediated CMPA

patients.

On the other hand, the allergy community in Ireland is using the home
introduction of milk, also known as milk ladder approach as the first option in
children with CMPA.

This research study tried to evaluate the use of different strategies for
treating CMPA, we hope that this study will enlighten us about more than one
way to treat a disease that is increasing every year (62). Our main purpose with
this study is to create discussion, not only about the benefit of one strategy over
another, but also to appreciate that there is more than one way to treat a disease
taking in consideration the reality of the healthcare system of each country, in

this case Spain and Ireland.
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2 Objectives and Endpoints

2.1 Primary objective

To compare the rate of the full reintroduction of milk of three different IgE-
mediated CMPA treatment strategies. The main outcome was the success rate in
full reintroduction of milk, which was defined as the intake of more than 150ml
of cow’s milk or the equivalent intake of 4.5g of milk protein daily without any

symptomatology.

2.2 Secondary objectives

« To analyse the influence of other allergic symptomatology in the outcome of
the three treatments in CMPA IgE-mediated.

+ To analyse the influence of other food allergies in the outcome of the three
treatments in CMPA IgE-mediated.

+ To conduct an analysis of immunological values in the three cohorts.
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3 Materials and methods

3.1 Study design

This was a multicentric retrospective analysis of three cohorts of patients who
received different managements of IgE-mediated cow’s milk protein allergy. It
consisted of retrospectively analysing charts from 200 patients diagnosed with
IgE-mediated CMPA between 2011 and 2020 in each of the following centres as
described in Figure 9:

« The Paediatric Allergy Service of Cork University Hospital and from The Weir
Family Health Clinic, both in Cork, Ireland.

+ The Paediatric Allergy Unit of Hospital Universitario Miguel Servet, in
Zaragoza, Spain.

+ The Paediatric Allergy Unit of Hospital Universitario de Mdstoles, in Mdstoles,
Spain.

Cork University
Hospital/ Weir Family
Health Clinic
Milk Ladder

Hospital
Universitario Miguel
Servet
Early gradual milk
introduction

Hospital Universitario
de Méstoles
Milk Avoidance

Figure 9. Map of the research site and milk strategy
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3.2 Definitions

We defined CMPA as a patient with an immediate (less than 2 hours) symptoms
after taking infant formula with a skin prick test > 3 mm or a Milk specific
IgE blood value >20.35 UI/ml. CMPA symptoms (also known as IgE mediated

symptoms) include:
« Cutaneous: Urticaria and angioedema.

» Gastrointestinal: Vomits, abdominal pain.

« Respiratory: Posterior and anterior rhinorrea, eye irritation, eye or nose

itchiness, cough, wheezing, sore throat, respiratory distress.

« Anaphylaxis: Rapid on-set systemic severe life-threating allergic reaction
that needs to be treated right away, involving 2 or more systems that include
airway, breathing, or circulatory problems and is usually, although not always,

associated with skin and mucosal changes.
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3.3 Management in each centre

All infants diagnosed for IgE-mediated CMPA were considered suitable for
home milk reintroduction using the milk ladder escalation, strict milk avoidance
or early gradual milk introduction. All the management strategies required that
the parents/caregivers were able to understand the programme and be willing
to follow it at home. None of the centres performed a confirmatory oral food
challenge as this is not a standard practice in the real-life settings (15,63). At their

outpatient visit, the parents were provided with instructions on their strategies.

Each of the participant centres use one of the management strategies already
described (see Table 7):

Table 7. Research site by city, country (including paediatric population) and management
strategy

Paediatric Paedlat.r -
AT population
Research Site City Country . of thearea  Milk Strategy
Service or
. (less than 17
Unit
years)
sy
Famri,l Health Cork Ireland yes 121863 reintroduction
oY “Milk Ladder”
Clinic
Hospital Early
Universitario ~ Zaragoza  Spain yes 147906 gradual milk
Miguel Servet introduction
Hospital .
Milk
Universitario ~ Mostoles  Spain yes 33092 Sm,Ct !
. avoidance
de Mostoles

In the following section, we are going to summarize the main characteristics

of each management strategy.
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Milk Ladder

General recommendations while starting the milk ladder included to first try
the milk products in small quantities and increase it progressively (e.g., crumbs
and then 1/4 of a portion). If the food is tolerated, they will be allowed to eat it
normally. If the patient is unwell or with symptoms its vital to stop upscaling the

ladder until full recovery.

The usual recommendation for caregivers of a patient that haven't started
milk products is to start with crumbs of malted milk biscuits, then a quarter, a
half and then a full malted milk biscuit in a 2-4-week period progressively. In
the following step, the caregivers will introduce other foods that are baked and
made with flour and contain milk. Different options like cake, muffins, bread
products like croissants or waffles, products containing butter or pastry could be
available. Further upscaling steps include the introduction of milk products that
are heated at some level (for instance, cheese). A few examples would include
pizza, pies, rice pudding, chowder (milk in soup), chocolate milk cookies, etc.
Finally, uncooked pasteurized milk products will be introduced. The product
will include uncooked cheese or non-fermented desserts (cheesecake, mousse,

cream) and fresh milk (including milk shake and ice cream).

The training of caregivers is done by a health professional in Cork. All
patients used the milk ladder guide (Figure 10) that represents 12 steps with
examples of foods to try at home. However, we explain to caregivers that the milk
ladder strategy is more a guide than a guideline, giving them freedom to progress

at a pace suitable for the parent and kids, always without skipping any step.
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THEMILKLADDER < o coome

PIEQ Pasteurised milk/ AMoUNT
infant formula (powder)  zco m-

PSR Sterilised milk/infant 24U
formula (tetra packs)  2coms

Use hard cheese

AMOUNT such as Cheddar
25g cheese
AMOUNT
1 pot yoghurt
(126mil)
AMOUNT
Milk chocolate 1ogchocolete
1 C L] IoNS
(milk chocolate buttons) .} 7 )

PURCHASED HOME-MADE
¥ mind pizza Y plzza

1 mini pizza 1 pizza
PURCHASED HOME-MADE
Lasagne Lasagne 1 ehilds portion
- (200g)

PURCHASED HOME-MADE
Shepherds Pie 1 child's portion

\G (200g)
'\ —

\\ - Use Scotch

S — pancakes containing

milk protein rather
PURCHASED HOME-MADE

scomh 1 scotch pancake ¥ scolch pancaike U WY powder

pancﬂkﬂs 3 scolch pancakes 2 scolch pancakes ‘?

NOTE THAT SCOTCH PANCAKES CONTAIN LESS MILK THAN
MUFFINS BUT THEY ARE BAKED FOR A MUCH SHOATER TIME

PURCHASED HOME-MADE
“Ini mumm’ ¥ muffinicake (15g) % muffin
cup cakes 1 mumn (30g) 1 muttin

Choosa biscults that
contain milk

PURCHASED HOME-MADE
¥ biscult 1 biscult
1 biscut 2 biscuits

Use malted mik
biscuits that contain
milk powder rather
than whey powder

PURCHASED HOME-MADE
1 bescun 4 biscult
2 biscuits ¥a biscuit

Oct 2013

UK Version PLEASE SEE OVERLEAF FOR LINK TO ALL HOME-MADE RECIPES

Figure 10. Milk ladder guideline. Picture taken from Carina Venter, Trevor Brown, Neil
Shah, Joanne Walsh, Adam T. Fox Clin Transl Allergy. DOI 10. 1186/2045-7022-3-23 (64)
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Pointers on using the MAP MILK LADDER for caregivers include:

Before starting the Ladder and progressing to each further Step, please ensure that your child is well at
the time and that any gastrointestinal symptoms or eczema are settled.

Most children will start on Step 1. Some may already eat one or more of the foods on the Ladder. If that
is the case, you need to be advised which Step of the Ladder you should start on.

The Ladder has 12 Steps, but health care professional may adjust the number of Steps to suit your
child best.

The time spent on each Step will vary from one child to another (e.g., one day or 1 week) and this
should also be discussed and agreed with you.

The amounts in the Ladder are given as a guidance - occasionally smaller or larger amounts may be
recommended.

Each of the recipes has an egg and wheat free option (they are all soya-free) to make the Ladder
suitable for those children who may have other co-existing allergies.

If the food on any Step of the Ladder is tolerated, your child should continue to consume this (as well
as all the foods in the previous Steps) and then try the food suggested on the next agreed Step.

If your child does not tolerate the food in a particular Step, simply go back to the previous one (64).

3.3.2 Strict Milk avoidance

Patients with a diagnosis of IgE mediated CMPA entered immediately into strict
avoidance of milk and milk products. To avoid the persistent symptoms, the
elimination diet must be effective with full adherence that will include avoidance
of products that could contain traces of milk or dairy. The usual strategy includes
information and support from the paediatric allergist which explains the most
accepted foods and nutritional substitutes. This included the use of breastmilk
with or without combination with extensive hydrolysed milk or amino acid-based
milk formulas. If the patient has had any direct reaction to breastmilk, avoidance
of breastfeeding will be necessary also. When patients need to transition to solid
food, they will have information about the proper substitute without milk or
dairy. The periodic follow-up of patients was necessary to avoid prolonged use
of an strict avoidance diet. Re-evaluations were usually scheduled every 6-12
months and included clinical appointments and allergy tests, such as skin prick
tests and, if needed, oral food challenges, according to the allergy consultant
indication. The decision of the length of avoidance of milk were decided after
clinical and allergy test results. For instance, a 50% or more drop in cow’s milk
specific IgE in 1-2 years is a favourable prognostic indicator of natural tolerance.
With this strategy the exclusion of milk products until Specific IgE values reach
a desirable cut-off will be essential to decide to undergo an oral food challenge,

looking for natural milk tolerance expressed in a full reintroduction of milk.



3 MATERIALS AND METHODS
3.3 Management in each centre

3.3.3 Early gradual reintroduction of milk

The patients were diagnosed and started with the management of early gradual
reintroduction of milk as soon as they were diagnosed of CMPA at their first
appointment in Hospital Miguel Servet in Zaragoza. For the first two days, they
progressively increased the dose of diluted cow’s milk in water (1/100 and 1/10).
Then, they continued to take, at home, 2 daily intakes of the maximum amount
tolerated in the hospital, requiring a rest period 2 hours after ingestion. Every
week, they came to the day-ward to increase the amount (see Table 8), remaining
under observation for 1 hour. All these aspects needed the collaboration of the
child and their family and health personnel to achieve treatment success. It is
important that throughout the process the patient and the family felt safe, and,
for this reason, they received a telephone contact number which they could
call 24 hours, in case the child presents with any reaction at home. In addition,
parents were instructed about the identification and medical management of
anaphylaxis. It is considered a success of the treatment if the patient takes an
accumulative dose of 150-200ml of milk (4.65-6.2 gr of milk protein) per day.
Safety measures were taken for appropriate management of this strategy, such as
the administration of intakes in the day-ward and the continuous presence of a

member of staff throughout the interval of time each dose increment was taken.

If the introduction was successful, a follow-up appointment should be

scheduled 3-6 months after the complete introduction of milk before discharging.

Table 8. Early gradual introduction of milk by week
Quantity

(ml/protein grams)

0,5 ml (0.015 gr) 25ml (0.77 gr)

Date Quantity Date

1 ml (0.03 gr)

35ml (1.08 gr)

2 ml (0.06 gr)

50 ml (1.55 gr)

4 ml (0.12 gr) 75 ml (2.32 gr)
7 ml (0.21 gr) 100 ml (3.1 gr)
11 ml (0.34 gr) 125 ml (3.87 gr)
15 ml (0.46gr) 150 ml (4.65 gr)
20 ml (0.62 gr) 200 ml (6.2 gr)
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3.4 Patient selection and data management

3.4.1 Inclusion Criteria

Patients were included in the study if they fulfilled all of the following:

« Paediatric patients diagnosed with IgE-mediated CMPA. It was considered as

diagnostic criteria:

» The presence of cutaneous, gastrointestinal, respiratory, and/or
systemic (anaphylaxis) symptoms consistent with IgE-mediated
CMPA after taking infant formula and one of the following:

- Skin Prick Test for cow’s milk > 3mm

- Specific IgE levels for cow’s milk >0.35 kU/L

3.4.2 Exclusion Criteria

« Patients were excluded from the study if there was insufficient documentation
in their charts to complete all the relevant data, that includes for example: Type
of Milk allergy (IgE or Non IgE mediated), progression of the management,
laboratory findings or follow ups.



3 MATERIALS AND METHODS
3.5 Development of the research study

3.5 Development of the research study

Potential subjects were selected from the population who have been treated for
IgE-mediated CMPA across the participant centres between 2011 and 2020 and

who met all the inclusion criteria and none of the exclusion criteria.

A convenience sample of 200 patients by centre were collected from the
files of the allergy clinics and recollected information through Microsoft Access®
365 version 2005 in every centre. Recollected data included: Clinic attendances,
demographics, family and personal relevant past medical history, immunological
values, clinical information from the first clinical contact and each subsequent
clinic attendance, success of reintroduction, level of reintroduction of milk at the
end of the treatment. We also obtained history of allergy symptoms experienced
by the child in the intervening time. In Annex 1, the data collection form

employed is attached.
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3.6 Compliance/ Governance and Ethical
issues

All data collection and storage complied with General Data Protection Regulation
(Regulation (EU) 2016/679 of the European Parliament and of the Council of 27
April 2016 on the protection of natural persons about the processing of personal
data and on the free movement of such data and repealing Directive 95/46/EC
(General Data Protection Regulation)). General Data Protection Regulation
(GDPR) was followed by all researchers and personnel involved with this study

and all researchers will have completed up-to-date training in this area.

Data coming from Spain was encrypted and transferred through a secure
transfer method. Data transferred by centres was fully anonymised with no
identifiers, data sharing agreement was implemented to cover this anonymised

data transfer.

Only members of the clinical research team had access to the complete
dataset. The analysis reports and results did not contain any personal identifiable

data that would allow identification of individual participants in this study.

Approval from clinical research ethics committee (CREC) was obtained in
Ireland and Spain before the recollection of data. The approval letters are shown

in Annex 2.
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3.7 Statistical methods

Statistical methods

For the main objective, the rate of successful treatments was compared between
the three treatments, using the x2 test. To analyze any possible confounding
factors, we conducted a multivariate analysis using the success of the treatment
as the dependent variable and including all the variables that showed statistical
significance on univariate analysis. Confidence intervals of proportions were
built by the Wilson interval method.

For the secondary objectives, a descriptive statistical analysis was carried out
for all collected variables. Continuous data were expressed as mean and standard
deviation (SD), whereas categorical variables were reported as percentages.
Normal distribution of data was evaluated using the Shapiro-Wilk test. For
non-normally distributed data, comparison was performed by employing the
Mann-Whitney U test if it were two groups, or the nonparametric equality-of-
medians test when it was more than two groups. The comparison of normally
distributed data was performed using the t test for independent samples or the
ANOVA test, depending on whether there were two or more groups, respectively.
For categorical data, the x2 test was used. Parameters displaying p<0.05 were

considered statistically significant.

Data were analysed with Stata version 14 (Stata Corp, College Station, Texas).
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4 Results

4.1 General Data

In each group, 200 patients were collected. Of these, 29 patients in the milk
ladder cohort were excluded, 22 for not yet completing the milk ladder and 7 for
missing information. Both strict avoidance and early gradual milk introduction

obtained 200 patients each as explained in Figure 11.

Milk ladder Strict milk avoidance

Early gradual milk reintroduction

200 p 200 p

7 not interested

200 p
32 suspended (went to oral 8 suspended (went to strict
immunotherapy) avoidance)
46 not completed (continue strict ‘ ¢
awoidance)
148 (86.6%) 122 (97.6%) 169 (96.0%)
completed achieved achieved p<0.01

Figure 11. Recollection of patients with different management strategies
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4.2 Demographic and baseline
characteristics

The comparison between the baseline characteristics of each population is shown
in Table 9. The main differences between groups were the age at diagnosis of the
patients, with patients in the milk ladder cohort being diagnosed at an older age.
Also, the proportion of breast-fed children was significantly lower in the milk
ladder group than the remain two groups, although those who were breastfed
were breastfed for a longer period of time. Lastly, there were differences between
groups in the concomitant diagnosis of other allergic processes, such as rhinitis,

atopic dermatitis, and other food allergies.



Table 9 Demographic and baseline characteristics

Milk
Ladder
(n=171)

Milk
Avoidance
(n=200)

4 RESULTS
4.2 Demographic and baseline characteristics

Early
gradual milk

introduction
(n=200)

Sex male 99 (57.9%) 126 (63.0%) 96 (48.5%) 0.01
Age in Months median (IQR) 12 (8-26) 5(4-7) 5(4-7) <0.01
Prematurity 3 (1.8%) 4(2.0%) 8 (4.0%) 0.31
Delivery
Vaginal 108 (63.2%) 163 (81.5%) 160 (80.0%)
Planned c-section 25 (14.6%) 14 (7.0%) 15 (7.6%) 0.02
Emergency c-section 12 (7.0%) 22 (11.0%) 24 (12.2%)
Unknown 26 (15.2%) 1(0.5%) 1(0.5%)
Feeding before diagnosis
Breast fed 68 (39.8%) 181 (90.5%) 179 (89.5%)
Bottle fed 20 (11.7%) 10 (5.0%) 3 (1.5%) <0.01
Mixed 77 (45.0%) 9 (4.5%) 14 (7.0%)
Unknown 6 (3.5%) 0 (0%) 4(2.0%)
Duration of breastfeeding (if breastfed) 8(6-12) 5(4-6) 5(4-6) <0.01
Any family backgrounds 115 (67.3%) 132 (66.0%) 134 (67.0%) <0.01
Food Allergy 57 (33.3%) 36 (18.0%) 49 (24.5%) <0.01
Atopy 58(33.9%) 32 (16.0%) 29 (14.5%) <0.01
Asthma 55 (32.2%) 52 (26.0%) 32 (16.0%) <0.01
Rhinitis 40 (23.4%) 82 (41.0%) 100 (50.0%) <0.01
Atopic dermatitis 140 (81.9%) 122 (61.0%) 74 (37.0%) <0.01
Asthma/viral induced wheeze 40 (23.4%) 95 (47.5%) 17 (8.5%) <0.01
Allergic rhinitis 20 (11.7%) 39 (19.5%) 6(3.0%) <0.01
Any food allergy 118 (69.0%) 79 (39.5%) 66 (33.0%) <0.01
Egg 105 (61.4%) 63 (31.5%) 61 (31.0%) <0.01
Peanut 40 (23.4%) 13 (6.5%) 4(2.0%) <0.01
Other nut 13 (7.6%) 13 (6.5%) 4(2.0%) 0.03
Other food 32 (18.7%) 26 (13.0%) 6 (3.0%) <0.01
Carry auto-injectors 34(19.9%) 71 (35.5%) 1(0.5%) <0.01
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4.3 Successful reinfroduction and safety

A successful reintroduction of milk treatment was achieved in 462 (80.9%) of the
patients of the whole sample. The proportion of success in the milk ladder group
was 86.6% (95% confidence interval (CI): 80.6 — 90.9), lower than the obtained
in the early gradual milk introduction group (96.0%; 95%CI: 92.3 - 98.0). Both
strategies had a significantly higher success rate than milk avoidance (61.0%;
95% CI: 54.1 - 67.5).

The duration of the treatment (Figure 12) and the number of appointments

(Figure 13) were different in each strategy.
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Figure 12. Duration in months of the treatment in each strategy



4 RESULTS
4.3 Successful reintroduction and safety
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Figure 13. Number of appointments during the treatment in each strategy (A: milk ladder;
B: Milk avoidance; C: early gradual introduction)
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Milk ladder treatment had the least number of visits, while early gradual
introduction of milk had an increased number of appointments in comparison
to the other strategies. Regarding the duration of the treatment, early gradual
reintroduction had the least duration, whereas milk avoidance was the longest

treatment.

In terms of safety, there were significant differences between the three
cohorts in comparison with accidental exposure to milk. Milk avoidance was the
least safe treatment, with 106 patients with an accidental exposure to milk, 34 of
them resulting in an anaphylactic reaction. Although the milk ladder had more
patients with an exposure than early introduction (18.7% vs. 0.5%; p<0.01), there
were no differences in the proportion of anaphylactic episodes. Table 10 show

shows overall treatment features of the three cohorts.

Table 10. Treatment features of the three cohorts. (* Significant differences only between
milk avoidance and the other two strategies).

Early
Milk Ladder Milk Avoidance gradual milk
(n=171) (n=200) introduction
(n=200)
Satisfactory milk 148 (86.6%; 192 (96.0%;
122 (61.0%; CI959
Reintroduction CI95% 80.6 — S(Z 10—/067(:5)9 2% CI95% 92.3 - <0.01
(success) 90.9) ’ ' 98.0)
Duration in
months 12.5(8-23) 21(12-37) 3(2-4) <0.01
median (IQR)
Number of
appointments 2(2-4) 5(4-6) 12 (9 - 15) <0.01
median
(IQR)
0/«
Accidental Ci;;;ié/;’ 106 (53.0%; CI95% 1 (0.5%; CI95% <0.01
exposure to milk o 46.1 - 59.8) 0.1-2.8) ’
25.2)

Anaphylaxis 3 (1.8%; CI95% 34 (17.0%; CI95% 0 (0%; CI95% 0

<0.01*
during treatment 0.6 - 5.0) 12.4-22.8) -1.9)
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4.4 Relationship between the immunological parameters and the success of the treatment

4.4 Relationship between the
immunological parameters and the
success of the freatment

4.4.1 Skin Prick test

A whole milk Skin prick test (SPT) was the most common procedure in the three
cohorts. A SPT was done in 166 (97.1%) of milk ladder patients, 193 (96.5%) of
milk avoidance patients and the 200 (100%) early introduction patients. The rate
of positive results varied between groups, with 95.9% in the milk ladder group,
52.6% in the milk avoidance and 68.5% in the early introduction cohort (p<0.01).
The Figure 14 shows the results of the SPT. In the milk avoidance group, a higher
value of the SPT did associate with a failure in the treatment. That difference

wasn't found in the other two groups.

2 4 ®
E p<0.01 .
E
g [ ] L]
E
7]
&
%] o
2 L]
x
2
£
o
£
% ©
=
=
o
o
=
=

/9’@ \*“ /:\%\ \"Q’\ oﬁ \QQ)

N & & « @ &
S & o & & &
> \)c‘? <&@ o 3 \),:gP
% % %
Milk ladder Milk avoidance Early introduction

Figure 14: Skin Prick Test results depending on the success of the treatment
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4.4.2 Specific IgE

Specific IgE component were not performed as a routine test in the milk ladder
cohort. Furthermore, values for whole milk specific IgE were not obtained in 189
(94.5%) patients in the milk avoidance group, as that centre routinely use only

specific IgE components (alpha lactalbumin, beta lactoglobulin, casein).

In Figure 15 the specific IgE values of whole milk (A) and components
(B) are shown. In the milk ladder group, a higher value of whole milk specific
IgE was associated with a failure of the treatments. The same happened in the
milk avoidance group with the alpha lactalbumin, beta lactoglobulin and casein
values. In the early introduction group, there was no association neither with the

whole milk values nor with the components.
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Figure 15: Specific IgE values depending on the success of the treatment
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4.5 Association with relevant medical
history of allergy

A medical history of food allergy (including egg, peanut other nuts, or other
foods) and other relevant allergies (atopic dermatitis, asthma/viral induce wheeze
and allergic rhinitis) was recollected. Figure 16 shows the number of patients

with a relevant allergy medical history by milk strategy.

Allergic Medical History

66
Food allergy 79
118

Allergic rhinitis
Asthma/viral induced wheeze

6
39
20
17
95
40
74
Atopic dermatitis 122
140
0 20 40 60 80 100 120 140

= Early gradual milk introduction (n=200)  mMilk Avoidance (n=200) = Milk Ladder (n= 171)

160

Figure 16: Allergy medical history in each cohort
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4.6 Association between other food
allergies and success in the treatment

Patients without other food allergies were morelikely to succeed in their treatment.
When comparing the prevalence of other food allergies and the response to
treatment of each strategy, we observed that this relation was found mainly in
the milk avoidance cohort. When only the milk ladder and early introduction
groups were analysed, there were no differences in the rate of success. Table 11

shows the complete analysis.

Table 11. Association between other food allergies and success in the treatment

Success P

Milk Ladder
No 42/53 (79.3%) 0.06
Yes 108/118 (89.8%)

Milk Avoidance
No 88/121 (72.7%) <0.01
Yes 34/79 (43.0%)

Any food allergy Early gradual milk

introduction
No 128/134 (95.5%) 0.63
Yes 64/66 (97.0%)

WHOLE SAMPLE
No 258/308 (83.8%) 0.06
Yes 204/263 (77.6%)

Milk Ladder
No 54/66 (81.8%) 0.15
Yes 94/105 (89.5%)

Milk Avoidance
No 93/137 (67.9%) <0.01
Yes 29/63 (46.0%)

Egg allergy Early gradual milk

introduction 0.71
No 132/138 (95.7%) ’
Yes 60/62 (96.8%)

WHOLE SAMPLE
No 279/341 (81.8%) 0.50
Yes 183/230 (79.6%)




4 RESULTS

4.6 Association between other food allergies and success in the treatment

Success P

Milk Ladder
No 112/131 (85.5%) 0.47
Yes 36/40 (90.0%)
Milk Avoidance
No 119/187 (63.6%) <0.01
Yes 3/13 (23.1%)
Peanut allergy Early gradual milk
introduction 0.68
No 188/196 (95.9%)
Yes 4/4 (100%)
WHOLE SAMPLE
No 397/514 (77.2%) 0.27
Yes 43/57 (75.4%)
Milk Ladder
No 138/158 (87.3%) 0.29
Yes 10/13 (76.9%)
Milk Avoidance
No 120/187 (64.2%) <0.01
Yes 2/13 (15.4%)
Other nut allergy Early gradual milk
introduction 0.68
No 188/196 (95.9%)
Yes 4/4 (100%)
WHOLE SAMPLE
No 446/541 (82.4%) <0.01
Yes 16/30 (53.3%)
Milk Ladder
No 121/139 (87.1%) 0.69
Yes 27/32 (84.4%)
Milk Avoidance
No 114/174 (65.5%) <0.01
Yes 8/26 (30.8%)
Other food allergy Early gradual milk
introduction 0,61
No 186/194 (95.9%) ’
Yes 6/6 (100%)
WHOLE SAMPLE
No 421/507 (83.0%) <0.01
Yes 41/64 (64.1%)
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4.7 Association between other allergies
and success in the treatment

When other allergic symptomatology was analysed, we found similar results
to that of the food allergies. Although the concomitant diagnosis of asthma or
viral induced wheeze and allergic rhinitis was associated with treatment failure
overall in the sample, in a stratified analysis we can see that this association
was only found in the milk avoidance group, while in the milk ladder and
early introduction groups no relationship was found between the other allergic

pathologies and treatment response. Table 12 shows the complete analysis.



4 RESULTS
4.7 Association between other allergies and success in the treatment

Table 12. Association between other food allergies and success in the treatment

Success P

Milk Ladder
No 26/31 (83.9%) 0.63
Yes 122/140 (87.1%)
Milk Avoidance
No 53/78 (68.0%) 0.11
Atopic dermatitis Yes 69/122 (56.6%)
Early gradual milk
introduction
No 122/126 (91.7%) 044
Yes 70/74 (94.6%)
WHOLE SAMPLE
No 201/235 (85.5%) 0.02
Yes 261/336 (77.7%)
Milk Ladder
No 115/131 (87.8%) 0.39
Yes 33/40 (82.5%)
Milk Avoidance
0
Asthma viral induced No 80/105 (76.2%) <0.01
Yes  42/95 (44.2%)
wheeze
Early gradual milk
introduction 0.68
No 176/183 (96.2%)
Yes 16/17 (94.1%)
WHOLE SAMPLE
No 371/419 (88.5%) <0.01
Yes 91/152 (59.9%)
Milk Ladder
No 133/151 (88.1%) 0.11
Yes  15/20 (75.0%)
Milk Avoidance
No 110/161 (68.3%) <0.01
Yes 12/39 (30.8%)
Allergic rhinitis Early gradual milk
introduction 0.61
No 186/194 (95.9%)
Yes 6/6 (100%)
WHOLE SAMPLE

No 429/506 (84.8%) <0.01
Yes 33/65 (50.8%)
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4.8 Overall analysis

A multivariate analysis comparing the three methods with potential
confounders was carried out. Asthma/ viral induce wheeze, allergic rhinitis,
and other nut allergy had a negative association, becoming less probable with
the success of the treatment. Milk ladder and early gradual introduction were
9.24 and 4.93 times more likely to success in comparison to milk avoidance. The
variables that were independently associated with the success of the treatment
are described in Table 13.

Table 13. Association between allergy diseases and acquisition of full reintroduction of milk
(* compared with milk avoidance strategy)

OR (CI95%)

Strategy
Milk Ladder* 4.93 (2.52 - 9.66)
Early gradual milk introduction* 9.24 (4.15 - 20.58)
Asthma/viral induced wheeze 0.39 (0.23 - 0.65)
Allergic rhinitis 0.44 (0.23 - 0.83)

Other nut Allergy 0.30 (0.12 - 0.78)
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5 Discussion

5.1 A strong progression to an active
freatment of CMPA

The involvement in the active role of management of CMPA has become more
relevant in the last decades. An early introduction of food has been suggested
to increase tolerance induction in allergic patients, in addition the possibility
of developing sensitization via allergen exposure to the skin have been major

concepts in recent years (65-67).

5.1.1 Milk avoidance

Milk avoidance is still the gold standard treatment for CMPA in many countries
(15), with success rate ranging from 34% to 87% at the age of 3 (11). Avoidance is
easy in theory but challenging for the family and the patient to apply. It involves
extensive commitment of the dietician to provide guidance on foods to avoid
which contain traces of cow’s milk (70). Even though accidental exposures are
common in children with food allergy, there are not so many studies that focus
on this subject. Boyano-Martinez et al. recollected 88 patients with CMPA of
which 40% (35 patients) had accidental exposures with only four (8%) requiring
adrenaline (71). We can correlate these with our own findings, with more than
50% (106 patients) having at least one accidental exposure during their treatment,
34 (17%) of them needing adrenaline due to anaphylaxis during the management

period.
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The use of Milk reintfroduction Milk Ladder

In Ireland, the MAP milk ladder is the main treatment for reintroduction
of milk in children with CMPA (5). The milk ladder has been shown to be a
safe and effective method of introducing baked milk and thus promoting the
acquisition of milk tolerance (5,31). With 86.6% patients achieving satisfactory
reintroduction of milk, our group of patients had similar outcomes with the two
published articles so far, however, we can’t compare our results in the case of Ball
et al. due to a difference in the selection criteria (mainly due to the exclusion of
patients with serious reaction and a lack of information of follow up of patients
after 12 months in D’Art et al. (5,31).

We consider the use of milk ladders to act as guidance for the family
rather than a clinical guideline focusing on a reintroduction option of milk for
patients with CMPA. As we have explained before, we are not considering this
a specific OIT management as it is not our intention on this research to label
this as a treatment for a specific food allergy and rather as an active home-based
introduction pathway. The rate of progression through the ladder will depend on
a holistic approach, with the involvement of allergists, the general practitioner,
dietetics, and nurses, all of whom are adequately prepared to support caregivers

at any moment of their home introduction with the milk ladder.

Early gradual reintroduction of milk

Of the three treatment strategies, the early reintroduction of milk is the most
difficult strategy to compare, as there are few numbers of studies published using
this strategy. Four such studies were found to all have success rates of more than
97% (two of them with a 100% success rate but with less than 30 patients in each
cohort) and none of them reporting a severe allergic reaction during treatment
(40-43). Those publications along with the present study show that the early
gradual milk introduction is a novel way of introducing milk to young infants

using an OIT protocol.



5 DISCUSSION
5.2 Achieving our primary objective

Achieving our primary objective

It is important to consider that the three treatment strategies explored in this
study are focused only on the reintroduction of cow’s milk in CMPA and is not
intended to reflect an immunomodulatory treatment or desensitization of the

patient.

The main objective is to compare the success rate in full reintroduction of
milk of each of the three strategies was achieved as we have shown in our results.
Patients with a clinical diagnosis of IgE-mediated CMPA were treated according
to the usual real-life management situation depending on the localization of their
allergy department: the milk ladder in Cork, milk avoidance in Mostoles and

early gradual milk introduction in Zaragoza.

We showed that milk ladder and early gradual milk introduction had a
significant difference compared with milk avoidance for the primary endpoint,
with an absolute difference of 25.6% and 35% respectively. Therefore, we could
assume the significant effectiveness of these two managements as an option for
milk reintroduction compared to strict avoidance. To our knowledge, this is
the only study that has conducted a comparison between these three types of
managements of CMPA. However, prospective studies must be carried out to

confirm the significance of our findings.
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5.3 Comparing the characteristics of each
management

Regarding the secondary endpoints, there was also a statistically significant
difference between the 3 groups in relation to the duration of the treatment. Early
gradual milk introduction is 4 times faster than the milk ladder and 7 times faster
compared to milk avoidance, with an average of 3 months of duration in treatment.
The number of follow up appointments over the duration of the treatment was
significantly different also among the 3 groups. Using an early gradual milk
reintroduction will need an average of 12 appointments in comparison to milk
ladder with 2 appointments and milk avoidance with 5 appointments. In the case
of early gradual milk introduction, we considered that the practicality of this
strategy may be a barrier to implementing it in some clinics, with waiting lists
to attend allergy specialists varying among countries and communities. It is not
unusual to have year-long waiting periods for appointments and for oral food
challenges, and even longer in many cases. Therefore, many children would not
have the opportunity to undergo OIT in infancy due to this discrepancy between

allergy services.
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Safety of each protocol

One of the major concerns about active reintroduction of milk products in
CMPA patients is its relative safety and the possibility of major allergic reactions
(31). Among our groups, accidental exposure to milk had a statistical difference
between the 3 cohorts. Early gradual introduction of milk had only one accidental
exposure. This could be explained due to the use of formula-based milk as the
main way to introduce dairy and increased clinical observations of the patient
due to the increased number of hospital appointments, thereby increasing the
compliance of the patient. The milk ladder on the other hand had 32 patients
exposed accidentally. In the case of milk avoidance, the number of accidental
exposures increased significantly to 106. It is unclear why there is such a big
difference in the incidence of accidental exposures between the 3 treatment
strategies. A plausible interpretation of this may be that due the active role of
reintroduction of several baked milk products over the first steps of the milk
ladder, giving the patient less opportunity of an accidental exposure to higher
doses of milk products compared to those avoiding milk. In contrast, every
exposure to milk in a classical approach such as avoidance is an accidental
exposure. It could also be interpreted that during the recollection of data, an
accidental exposure was only considered if it gave the patient any allergic reaction
symptoms, it is therefore possible that the patients on the milk ladder and early
gradual introduction of milk had several accidental exposures that were not
collected and did not cause an allergic reaction, becoming difficult for parents to

recognize when the patient had an exposure to milk products.

With regard to anaphylaxis, the incidence of cases of anaphylaxis in the
milk ladder and in the early reintroduction of milk patients compared to the
milk avoidance patients was significant. Milk ladder recorded only 3 episodes
of anaphylaxis in 3 different patients, none of which were caused by progression
through the ladder. This is comparable to previous studies of CMPA patients
who also didnt record any cases of anaphylaxis during the management and
progression of milk ladder (5,31) or during the treatment of early gradual milk
introduction (40,41,43).
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As is seen form the results, the milk ladder and early gradual milk
introduction of milk have better success rates in the number of children with
full milk introduction, with less serious reactions than the complete avoidance of
milk. As well as taking effectiveness and safety into consideration, the preference
of the treatment strategy will depend also on the cultural context and human
resources available within each centre. In Ireland, several complexities of allergic
disease are treated in two allergy centres (57). Due to the increasing number of
patients and the long waiting lists (in 2022 routine waiting list was longer than
12 months in both centres), the care of the patient is severely jeopardized. This
could be one of the reasons for the increased age of diagnosis in comparison
to the other cohorts in this study. The usual waiting list in the other 2 allergy
centres (Mostoles and Zaragoza) is less than 4 months approximately. This will
explain the early diagnosis and the availability to have additional appointments,

something that at the moment is impossible in Irish allergy centres.
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5.4 Can we rely on the usual parameters
to predict an outcome?

During our training as healthcare workers with an interest in allergies, we are
presented with certain almost dogmatic evidence that has not been refuted with
which to base our clinical practice. One such evidence is the association between
higher values of immunological parameters that include the skin prick test and
specific IgE to decide a threshold that could give us a prognosis of persistence
in CMPA (11,15). Another piece of evidence that is taught is the connection
between other allergic diseases and its correlation with a more severe CMPA
patients (72). However, based on our data analysis of the effect of immunological
parameters and the presence of other allergic conditions and the effectiveness of
different treatment strategies, children successfully progressed through the milk
ladder and were successfully gradually introduced milk, irrespective of baseline
immunological parameters or history of other allergic conditions. Therefore,
we recommend that these predictive parameters be further examined in future

studies when evaluating the likely outcome of treatment strategies for CMPA.

5.4.1 Immunological parameter

There are 30-35 grams of protein per litre of cow’s milk (CM), with at least 20
proteins being potential allergens. Whey proteins (soluble proteins) make up
20% of CM and caseins (insoluble proteins) make up 80% of CM. Most CMPA is
caused by whey proteins, but the allergy can be further exacerbated by caseins.
The major milk allergens are casein (alpha-s1-, alpha-s2-, beta-, and kappa-
casein) and whey proteins - B-lactoglobulin (Bos d 5), and a-lactalbumin (Bos d
4). Minor allergens, which have shown to cause allergy in only a small number
of patients, include immunoglobulin, bovine serum albumin, and lactoferrin.
CMPA patients are usually sensitised to more than 1 allergen, with sensitivity to
both whey and casein proteins (11,73). The different cut-oft values of skin prick
test and specific IgE for milk and its components are described in literature to
diagnose using positive predictive values for CMPA and varies depend on the

prevalence of each cohort (74-76). An Italian systematic review observed that
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in children less than 2 years old a skin prick test (SPT) of cow’s milk extract
more above 6mm and a specific IgE of milk above 5 KU/L the diagnosis of
CMPA was highly likely. Baseline wheal diameter of SPT could be a good
parameter to differentiate which patients could outgrow the allergy. A Japanese
cohort of CMPA with a confirmed CMPA with OFC and a negative OFC after
complete milk avoidance with a median avoidance of 13 months between each
other described a difference of less than or equal to 6mm from baseline SPT
and last SPT before Oral food challenge, however their median baseline SPT of
the patient that outgroew CMPA in comparison to the patients that outgroew
the allergy were not significantly different (77). Our Milk avoidance group had
significant baseline difference between the patients who outgroew the allergy and
patients who had persistent CMPA after an oral food challenge. Due to the real-
life characteristics of our study, as we have explained before, we don’t use an OFC
to confirm the diagnosis, there-by the number of patients with only sensitivity
to milk in immunological parameter instead of a confirmed diagnosis of CMPA
is unknown. Specific IgE values had the same tendency. Recollection of only
molecular components of specific IgE (Alpha lactalbumin, beta Lactoglobulin
and casein) were the only serum immunological parameters recollected in our
milk avoidance group with significant difference between patients that outgroew
CMPA or not. These results are also described in other literature with more

emphasis in the use of casein as a more accurately value (78).

In contrast to our findings in our milk avoidance cohort, the milk ladder and
early gradual milk introduction did not follow the same pattern, with baseline
SPT and specific IgE not correlating with the treatment outcome. It could be
considered that part of this is due to the increased success in outgrowing CMPA
for these 2 treatments. One of the causes could be a “theoretical immunotolerance”
that is involved while using both active treatments (the milk ladder and early
gradual milk introduction) compared to the passive approach of milk avoidance.
The best way to clearly identify if this process is involved will be with a prospective
tolerance immunological parameter study. The only certainty at this point is that
the usual cut-off and threshold allergic parameters are not reliable predictive

parameters in both CMPA treatments, opening the door for more structured
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prospective studies to understand the tendency of this parameter in active milk

introduction treatments.

Association with other allergies

It has already been shown that the milk ladder and early gradual milk introduction
behave similarly in many of the outcomes of this study. The prevalence of other
food allergies and the impact of treatment outcome is no exception, with the
success of the treatment being unaffected by the presence of other food allergies.
Our milk avoidance patients had similar results as in other studies (72,79),
revealing a steadier relationship between success of milk avoidance and a past
medical history of other food allergies. The results were also similar with other
types of allergies, always having a relationship with milk avoidance in all the

cases.

Using these finding as shown in Table 12, there is strong evidence that the
use of the milk ladder and early gradual milk introduction were 2-3 times more

likely to succeed at milk reintroduction than conventional milk avoidance.
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5.5 Limitations

Despite a large study population, the main limitation of this study is that it
retrospectively reviews patients who underwent these treatments. Therefore,
there might be missing information that was not included in the patients’
charts. In order to avoid this limitation, inherent to this type of study, all the site
investigators received concrete instructions about how to collect the information.
That makes it unlikely that, if there was such bias, it was more present in one site
than in another. In addition, we did not conduct an oral food challenge in any of
the hospitals to confirm the milk allergy, as it is not the standard practice in any
of the allergy centres. Further prospective studies to improve the evidence of our

findings are needed in the future.



6. CONCLUSIONS







6 Conclusions

As this is the first study that retrospectively compares three real life strategies
to CMPA, we can conclude that cow’s milk can be successfully and safely
reintroduced using different treatment strategies other than milk avoidance. All
treatments show differences regarding duration, number of visits and accidental
exposure to milk and therefore, we believe that these should be considered when
choosing a strategy for CMPA. The results of this study will help guide the future
management of CMPA and further prospective studies will need to be done to

support the evidence of our findings.
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9.1 Glossary of Terms

BSACI British Society of Allergy and Clinical immunology

CI Confidence interval

CM Cows milk

CMPA Cows milk protein allergy

CREC clinical research ethics committee

DRACMA Diagnosis and Rationale for Action against Cow’s Milk Allergy
EAACI European Academy of Allergy and Clinical Immunology
EDO5 Elicited dose

eHF extensive hydrolysed formula

ETC-PA  European Training Committee — Paediatric Allergology
FA Food allergies

GDPR General Data Protection Regulation

IgE Immunoglobulin E

IgG Immunoglobulin G

IMAP International Milk Allergy Primary

MAP Milk Allergy Primary

NPV Negative predictive value

OAS Oral allergy syndrome

OFC Oral food challenge

OIT oral immunotherapy

pHF partially hydrolysed formula

PPV Positive predictive value

SD Standard deviation

SPT Skin prick test

TH2 T helper 2

UEMS European Union of Medical Specialists

WAO World Allergy Organization
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9.2 Survey of each research centre

Date recollection

Case Number Specific IgE Conducted Assessment of Completion
. Completion Skin Prick
Hospital Total IgE Conducted
Duration Between Final
Treatment Specific IgE Whole Milk (kIU/ml) Skin Prick and Completion
(months)
DOB (DD/MM/ Specific IgE Alpha-lactalbumin ~ Completion Skin Prick -
YYYY) (kTU/ml) Histamine (mm)
Gender Specific IgE Beta-lactoglobulin Completion Skin Prick -
(kIU/ml) Whole Milk (mm)
Prematurity (<37 Completion Skin Prick -

weeks gestation)

Specific IgE Casein (kIU/ml)

Alpha-lactalbumin (mm)

If YES - Gestational

Specific IgE Goat’s Milk (kIU/ml)

Completion Skin Prick - Beta-

Age (weeks) lactoglobulin (mm)
. . s A Completion Skin Prick -
Delivery Specific IgE Sheep’s Milk (kIU/ml) Casein (mm)
Atopic Dermatiti Adrenaline Auto-Injector Completion Skin Prick -
Opic Lermatiiis Training Goat’s Milk (mm)
. . Completion Skin Prick -
Asthma Carry Adrenaline Auto-Injectors Sheeps Milk (mm)
Allereic Rhinitis Number of Adrenaline Auto- Completion Skin Prick -
§ Injector Carried Hydrolysed Milk (mm)
) Treatment Start Date (DD/MM/  Completion Specific IgE
Viral Induce Wheeze YYYY) Conducted
Ace at Start of Treatment Duration Between Final
Other Food Allergies 5 Specific IgE and Completion
(months)
(months)
Food Allergy 1/2/3/4 Treatment Suspended Completion Specific IgE -
etc Total
Specific IgE Food If NO - Reason Why Treatment ~ Completion Specific IgE -
Allergy 1/2/3/4 etc Suspended Whole Milk (kIU/ml)
Skin Prick Food Completed Ascent Phase Completion Specific IgE -
Allergy 1/2/3/4 etc (Zaragoza Only) Alpha-lactalbumin (kIU/ml)
I If NO - Amount Reached Before ~ Completion Specific IgE -
Family History - Atopy Stopping (Zaragoza Only) Beta-lactoglobulin (kIU/ml)
Family History - Food ~ Ascent Phase End Date (DD/ Completion Specific IgE -
Allergy MM/YYYY) (Zaragoza Only) Casein (kIU/ml)
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9.2 Survey of each research centre

Date recollection

Family History - Completed Maintenance Phase ~ Completion Specific IgE -
Asthma (Zaragoza Only) Goat’s Milk (kIU/ml)

Family History - If NO - Reason Why Maintenance Completion Specific IgE -
Allergic Rhinitis Not Completed (Zaragoza Only)  Sheep’s Milk (kIU/ml)
Fe'edmg B efore CMPA Treatment Duration (months) In-Clinic Reassessment
Diagnosis

If BREASTFED - Number of Follow-Up Duration Between Treatment

Duration (months)

Appointments During Treatment

Completion
and Reassessment (months)

Symptoms

Total Number of Skin Pricks
Conducted During Treatment

Number of Episodes
Before Diagnosis

Total Number of Blood Tests
(Sp IgE) Conducted During
Treatment

Any Episode Treated .
as Anaphylaxis (with Symptoms During Treatment
. (Early Intro/Milk Ladder)
adrenaline)
Age at Diagnosis .
(months) Duration of Symptoms (months)

Histamine (mm)

Accidental Milk Exposure

Whole Milk (mm)

Symptoms of Accidental Milk
Exposure

Alpha-lactalbumin
(mm)

Anaphylaxis During Treatment

Beta-lactoglobulin
(mm)

Number of Anaphylaxis During
Treatment

Casein (mm)

Number of Anaphylaxis Due to
Accidental Milk Exposure

Goat’s Milk (mm)

Treatment End Date (DD/MM/
YYY)

Sheep’s Milk (mm)

Tolerance Achieved

Hydrolysed Milk (mm) Age Tolerance Achieved (months)
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9.3 Ethics committee approval

‘r‘ﬂ Hospita[Ur1iversitario
saones de Mostoles

INFORME DEL COMITE ETICO DE INVESTIGACION

D Concepcion Cepeda Gonzalez

Presidente del Comité Etico de Investigacion del Hospital Universitario de Mostoles

CERTIFICA:

Que este Comité ha evaluado el proyecto de investigacion titulado:

“Comparacién retrospectiva del manejo de la alergia a las proteinas de la leche
de vaca mediada por IgE en tres cohortes” con n® reg. CEIC 2021/014, cuya
investigadora principal es D®. Cristina Mufioz Archidona (FE del Servicio de Pediatria
y sus Areas Especificas del Hospital Universitario de Mostoles), y considera que se
cumplen los requisitos necesarios de idoneidad del proyecto en relacion con los
objetivos del estudio.

Este Comité aprueba que dicho estudio pueda ser realizado en este centro
Haospitalario.

Lo que firmo en Méstoles a 25 de marzo de 2021.

Fdo.: Dra. Concepcion Cepeda Gonzalez

Presidente del CEI
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9.3 Ethics committee approval

COISTE EITICE UM THAIGHDE CLINICIUIL
Clinical Research Ethics Committee of the Cork Teaching Hospitals

Tel: +353-21-4901901
Email: crec@ucc.ie

University College Cork
Lancaster Hall

6 Little Hanover Street
Cork

Ireland

Date: 16th April 2021

Dr Juan Trujillo-Wurttale

Consultant Paediatric Allergist

Rm 2.35 Paediatric Academic Unit

Cork University Hospital
Wilton
Cork

CREC Review Reference Number: ECM 4 (&) 13/4/2021

Study Title: Comparison of IgE-Mediated Cow’s Milk Protein Allergy (CMPA) Management

Strategies (COWS)

Approval is granted to carry out the above study at:

| Cork University Hospital, Cork, Ireland.

The following documeants have been approved.

D Approved | Version | Date

Application Form Yes Signed 16/3/2021
Cover Lebter Yes Signed 16/3/2021
Evidance of Insurance Yas (CIS)

CV for Chief Investigator Yas Signed August 2020
Data Collection Sheat Yas

Study Protocol Yes 1.0 15/3/2021.

We note that the co-investigator(s) involved in this project will be:

(Valladolid Spain)

Name ntment Details
Tessa Ah Heng Final Year Medical Student UCC
Dr Roberto Velasco Zufiiga, | Consultant Paediatrician Hospital Universitario Rio Hortega

Dr Cristina Blasco

Consultant Paadiatrician Hospital Universitario Miguel Sarvet

Zaragoza (Spain)
Dr Cristina Mufoz Consultant Paediatrician Hospital Universitario de Mostoles
Sarah Joy Hanley Final Year Madical Student UCC

The date of this letter is the date of authorization of the study.

Please keap a copy of this signed approval letter in your study master file for audit purposes. The study
must be carmed out in accordance with General Data Protection Regulation and Health Research

Regulation 2018,

You should nots that ethical approval will lapsa if you do not adhere 1o the following conditions:

1. Submission of an Annual Progress Report/Annual Renewal Survey (due annually from the date
of this approval latter). We would encourage you to keep note of this date as the CREC
will not issue a reminder.
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2. Report unexpected adverse events, serious adverse events or any event that may affect
ethical accaptability of the study

3. Submit any change to study documeantation (minor or major) to CREC for review and approval.
s must be submitted on an amendmaent application form and revised study
documents must clearly highlight the changes and contain a new version number and date.
Amendments cannot be implemented without written approval from CREC.

4. Notity CREC of discontinuation of the study

5.  Submit an End of Trial Declaration Form and Final Study Report/Study Synopsis when the
study has been completed.

Yours sincerely

Professor David Kerins

Chairman

Clinical Research Ethics Committes
of the Cork Teaching Hospitals

The Clinical Ressach Effvcs Commiies of the Cark Toaching Hasptals, UCC, 15 a recogmised Effvcs Commilfed unddr Rogulaton 7 of the
Eumpean Communiies (Clinical Trials an Medicinal Products for Human Use| Reguiations 2004, and s authonsad by the Dopartment of Heaith
and Childron o camy ouf Mo offica’ mview of olinical trals of o products. The C s fully olant with the
Rogulations as they miafe fo Eftics C and the and, of Good Clinical Prachice.












