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cow’s milk allergy; Immunoglobulin E (IgE)-mediated cow’s milk allergy (CMA) remains the most prevalent pediat-

oral immunotherapy; ric food allergy and a major cause of early-life anaphylaxis, with a substantial proportion of

pediatric food children developing persistent disease despite traditional avoidance-based management. Oral
allergy; immunotherapy (OIT) has emerged as a proactive strategy that modulates the allergic immune

predictive markers; response through controlled and sustained allergen exposure, shifting immunity from T-helper

risk stratification (Th) 2-dominant pathways toward a more regulatory and tolerogenic profile. Current evidence

from randomized trials and real-world cohorts demonstrates that cow’s milk oral immunotherapy
(CM-OIT) achieves desensitization in most treated children, reduces accidental reaction risk, and
improves quality of life, although sustained unresponsiveness remains variable and protocol-de-
pendent. Marked heterogeneity exists across protocols regarding dosing, antigen formulation,
maintenance targets, and escalation speed, reflecting differing therapeutic philosophies rather
than standardized practice. Safety concerns, including dose-related reactions and rare cases
of eosinophilic esophagitis, underscore the need for careful patient selection, optimization of
comorbid atopic diseases, and shared decision-making. Advances in precision immunology, includ-
ing component-resolved diagnostics, epitope mapping, basophil activation testing, and emerging
transcriptomic and microbiome signatures, now enable the earlier identification of children at
high risk of persistent CMA who may benefit most from OIT, while low-risk phenotypes can be
safely observed. Adjunctive biologic therapy, particularly anti-IgE agents, has improved tolera-
bility and expanded eligibility in high-risk patients. This review synthesizes current evidence on
efficacy, safety, biomarkers, protocols, and adjunctive strategies, emphasizing a personalized,
risk-adapted approach to CM-OIT and outlining future directions toward standardized formula-
tions, biomarker-guided stratification, and integrated biologic-assisted immunomodulation.
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Introduction

Immunoglobulin E (IgE)-mediated cow’s milk allergy (CMA)
remains the most common pediatric food allergy world-
wide, affecting approximately 2-3% of children. Although
many patients present with mild to moderate cutaneous
or gastrointestinal symptoms, CMA has remained a leading
cause of food-induced anaphylaxis in early life, accounting
for up to 10-20% of anaphylactic reactions in infants and
young children. Fatal reactions to cow’s milk are rare but
have been reported, particularly in children with concom-
itant asthma or delayed recognition of symptoms. Among
milk proteins, casein and whey proteins, especially p-lac-
toglobulin and a-lactalbumin, are the major allergens, with
casein sensitization being associated with more persistent
and severe disease. Cow’s milk remains one of the most
prevalent and clinically significant food allergens world-
wide." Although up to 50-90% of affected children even-
tually surmount CMA, a substantial subset develops a
persistent and clinically impactful disease course extending
into later childhood or adolescence.®” For these children,
strict dietary avoidance has traditionally been the corner-
stone of management. However, this passive strategy does
not modulate underlying immune reactivity, places a life-
long psychosocial and nutritional burden on families, and
fails to prevent accidental reactions despite optimal edu-
cation and emergency preparedness.®'°

Oral immunotherapy (OIT) has been increasingly
explored as a disease-modifying approach for the manage-
ment of food allergy. Previous studies have demonstrated
the efficacy of OIT protocols in inducing desensitization
in common food allergies, including peanut, hen’s egg,
and tree nuts, leading to reduced reaction severity and
improved quality of life (QoL) in selected patients. These
experiences have provided a foundation for investigating
OIT strategies in CMA." Cow’s milk oral immunotherapy
(CM-0IT) aims to raise the reactivity threshold (desensi-
tization) and, in some cases, achieve sustained unrespon-
siveness (SU), which is a lasting tolerance after stopping
treatment. Pilot studies have advanced to randomized
controlled trials (RCT) and real-world cohort data, leading
to growing international recognition of CM-OIT as a viable
treatment option for carefully selected children. Several
national guidelines now recognize CM-OIT for persistent
IgE-mediated CMA. However, protocols remain highly het-
erogeneous, and there is no universally standardized reg-
imen.'>"® Meanwhile, advances in precision immunology,
including component-resolved diagnostics, basophil activa-
tion testing (BAT), serum allergen-specific immunoglobulin
E (slgE)/epitope profiling, and evolving transcriptomic and
microbiome signatures, now enable the identification of
children at high risk of persistent CMA before irreversible
T-helper (Th) 2 immune memory is established."”®

This review synthesizes current clinical evidence on
CM-OIT, exploring its immunologic basis, treatment effi-
cacy, safety profile, patient selection criteria, and the
emerging significance of biomarkers and biologic adjuncts.
Instead of advocating a one-size-fits-all protocol, it
emphasizes a risk- and goal-based approach that tailors
OIT intensity to each individual’s immunologic and clinical
profiles.

Immunopathogenesis

Immunoglobulin E-mediated CMA results from a failure of
early-life oral tolerance, driven by impaired epithelial bar-
rier integrity, altered antigen presentation, and skewed
T-cell differentiation.” Upon exposure to cow’s milk pro-
teins, most notably caseins and whey proteins such as
B-lactoglobulin and a-lactalbumin, antigen-presenting cells
in the gut mucosa present these allergens to naive cluster
of differentiation 4* (CD4*) T cells. Instead of differentiating
into regulatory T cells (Tregs), these cells aberrantly polarize
toward a Th2 phenotype under the influence of cytokines,
such as interleukin (IL)-4, IL-5, and IL-13. This Th2-skewed
response promotes class switching to allergen-specific IgE,
which binds to high-affinity FceRI (high-affinity IgE) recep-
tors on mast cells and basophils. Upon re-exposure, even
trace amounts of cow’s milk allergens can cross-link IgE and
trigger immediate hypersensitivity reactions through rapid
release of histamine and other inflammatory mediators."

In children who fail to outgrow CMA, this allergic
immune profile is reinforced immunologically. Persistent
disease is characterized by the expansion of long-lived
Th2 memory cells, insufficient induction of suppressive
FoxP3* Tregs, low levels of protective IgG4 (constitutes
about 5% of total immunoglobulin G [IgG]) “blocking anti-
bodies,” and, in some cases, spreading of progressive
epitope. Additionally, gut dysbiosis and epithelial alarmin
signaling, particularly Interleukin-33 (IL-33) and thymic
stromal lymphopoietin (TSLP), perpetuate Th2 activation
and impair tolerance acquisition, creating a self-sustaining
allergic loop.?°

Oral immunotherapy is designed to counteract this
pathogenic cascade by actively reprogramming the immune
system rather than suppressing exposure. Through grad-
ual, controlled allergen administration, OIT progressively
increases the activation thresholds of mast cells and baso-
phils (early desensitization) while shifting humoral immu-
nity toward a more protective profile characterized by
rising allergen-specific 1gG4 and eventual decline in IgE.
Importantly, OIT promotes the expansion of IL-10- and
transforming growth factor-beta (TGF-p)-producing Tregs,
along with a relative increase in interferon gamma (IFN-y)-
secreting Th1 cells, thereby correcting the Th2-dominant
imbalance.?"?? Qver time, this adaptive remodeling may
extend beyond transient protection and enable SU, although
this outcome remains variable and patient-dependent.

Clinical Efficacy of Cow’s Milk Oral
Immunotherapy

Desensitization is the most reliably proven and clinically
significant outcome of CM-OIT, offering meaningful protec-
tion against accidental ingestion and cross-contamination,
benefits that significantly reduce caregiver anxiety and
daily disease burden.z

In various RCTs, approximately 60-70% of children with
IgE-mediated CMA achieve clinically meaningful desen-
sitization, supported by meta-analyses reporting pooled
success proportion of around 68%.24% Cochrane evidence
also confirms tolerance to 150-243 mL of milk in 62% of
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treated children, compared to only 8% in elimination-only
controls.*® Two recent high-quality meta-analyses fur-
ther confirmed these findings, showing a relative risk of
2.51 (95% Confidence Interval [CI] 1.54-4.09) with a signif-
icant increase in tolerated threshold (standardized mean
difference [SMD] ~3.6), and an even larger effect size in
another review (relative risk [RR]: 5.88; 95% Cl 2.27-15.18),
representing one of the most notable therapeutic impacts
observed to date in food allergy immunotherapy.'?"

These clinical effects are supported by consistent
immunologic evidence. Several independent studies show
significant decrease in milk- and casein-specific IgE, along
with a notable increase in milk-specific 1gG4, indicating
a favorable shift toward a blocking antibody-dominated
immune profile.?627332  Although cytokine and cellular
immune data remain limited across studies, the steady
decline in effector activity and increase in regulatory sig-
nals strongly suggest genuine immune modulation, rather
than just temporary suppression of reactivity.'>?!

While desensitization indicates an active, treatment-
dependent state, SU represents a more durable and clin-
ically meaningful outcome. Conceptually, SU reflects
treatment-independent immune regulation and is there-
fore considered a closer indicator of genuine immuno-
logic tolerance. However, its assessment remains far from
standardized processing. Current CM-OIT trials define
SU after withdrawal periods ranging from 2 weeks to 6
months, creating significant variability across studies and
complicating inter-study comparisons.?*3* Early observa-
tional studies showed promising persistence; long-term fol-
low-up reveals that about 46-65% of patients who initially
achieved desensitization can still regularly consume cow’s
milk after 4-7 years.*37 RCTs report SU in about 30-60% of
patients after 1-3 years of OIT, although long-term durabil-
ity appears considerably lower in real-world.?3® Together,
these findings emphasize a critical distinction: CM-OIT
can induce SU in a significant group of patients, but life-
long, exposure-independent tolerance remains unpredict-
able and unproven in most cases. SU should therefore be
regarded not as a definitive cure but as a favorable immu-
nologic trend, one that might still require continued, or at
least regular, allergen exposure to persist.

Quality of Life Outcomes

While desensitization remains the primary clinical endpoint
of CM-OIT, its effect on health-related QoL has been rela-
tively underinvestigated. Dantzer et al. have used a vali-
dated disease-specific instrument to evaluate QolL, utilizing
the Food Allergy Quality of Life Parent Form (FAQLQ-PF)
or Food Allergy Quality of Life Child Form (FAQLQ-CF).
Notably, a clinically meaningful improvement was observed
from baseline to 12 months of treatment.** Another study
involving 191 children aged 4-12 years undergoing OIT for
cow’s milk and other food allergies (including egg, pea-
nut, sesame, or tree nuts) demonstrated that FAQLQ-PF
significantly improved from the initiation to the mainte-
nance phase of OIT across multiple domains. In contrast,
scores remained stable in the control group. Factors asso-
ciated with greater improvement included having a sin-
gle food allergy, younger age at initiation of OIT, and a

poorer baseline QoL score.® Although limited in number,
these findings are consistent with real-world observations
that successful desensitization lowers anticipatory anxi-
ety, enhances participation in social and school activities,
and reduces the psychologic burden predominantly experi-
enced by caregivers.

These data highlight the importance of including QoL
as a co-primary endpoint in future CM-OIT trials, particu-
larly given that risk perception and emotional safety often
influence family decisions more than biochemical or immu-
nologic results. Incorporating standardized, validated QoL
tools should be considered essential for accurately mea-
suring the real-world therapeutic benefits of OIT beyond
immune desensitization alone.

Protocols and Optimization Strategies for
Cow’s Milk Oral Immunotherapy

An internationally standardized protocol for CM-OIT has yet
to be established. Current clinical practice remains highly
heterogeneous regarding the optimal form of milk pro-
tein, initial and maintenance doses, and treatment dura-
tion, shaped more by differing therapeutic philosophies
than by technical limitations."'¢#'42 Some protocols aim
for complete dietary liberalization, while others focus on
minimizing risk and preventing accidental exposure, rather
than allowing unrestricted intake. Despite this variabil-
ity, most CM-OIT programs follow a standard three-phase
structure: an initial dose escalation (IDE) performed under
medical supervision to determine an individualized safe
starting dose; a build-up phase with stepwise outpatient
dosing every 1-2 weeks and daily home administration; and
a maintenance phase, which may continue for months to
years to preserve desensitization and, in selected cases,
attempt progression toward SU.344

Globally, rush or semi-rush escalation models target
rapid dose achievement, sometimes reaching maintenance
within days through aggressive intra-hospital up-dosing.*
In contrast, traditional slow-updosing strategies increase
doses more gradually over weeks to months, emphasizing
safety and tolerability at the cost of delayed protection.*
A similar divergence occurs in maintenance targets: high-
dose protocols aim for 100-200 mL/day to achieve full
dietary normalization, whereas low-dose protocols (3-10
mL/day) focus on offering strong protection against acci-
dental exposures while minimizing burdens and adverse
events (Table 1).444647

Antigen formulation remains a key challenge for clinical
translation. Cow’s milk contains both heat-sensitive whey
proteins and heat-stable caseins, making its immunogenic-
ity highly dependent on processing temperature, duration,
and the matrix composition. Raw or minimally processed
milk preserves conformational epitopes, leading to strong
IgE cross-linking and, in some trials, better desensitization
efficacy compared to heated formulations.”® Extensively
heated or baked milk destroys conformational epitopes but
preserves linear casein epitopes, providing a less inflam-
matory option, especially suitable for highly sensitized or
anaphylaxis-prone children. However, household-baked
products (such as muffins and pancakes) exhibit uncon-
trolled variability in protein distribution, heat penetration,
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and epitope preservation, issues that directly reduce
reproducibility and lead to conflicting trial outcomes. In
response, pharmaceutically engineered and analytical vali-
dation platforms, such as the SUTMEK (Standardized Bakery
Product/Standardize Edilmis Firin Uriinii) (Turkey) and the
Japanese Heated Milk Powder systems, have emerged,
offering standardized thermal processing, accurate protein
measurement, preserved epitope integrity, matched pla-
cebos, and suitability for Double-Blind Placebo-Controlled
Food Challenges (DBPCFC) and therapeutic OIT at a reg-
ulatory level.®% Early feasibility studies have shown
promising translational signals, with approximately 60% of
participants achieving baked-milk tolerance and success-
fully incorporating heated milk into their daily intake.

Standardization of antigen formulations, along with
harmonizing dosing thresholds, maintenance strategy
definitions, and immunologic endpoints, is now an urgent
requirement for moving CM-OIT from heterogeneous prac-
tices to truly global precision immunotherapy.

Safety Profile of Cow’s Milk Oral
Immunotherapy

Safety remains a key concern in OIT, with adverse reactions
most common during the initial escalation and build-up
phases. Although most reactions are mild and self-limited,
severe anaphylaxis can still occur.?> Notably, CMA carries
a higher intrinsic risk than other allergens; adrenaline is
administered in approximately 26.8% of milk OIT cases,
compared with 11.3% for non-milk allergens.?’ In a 20-year
retrospective study comprising 342 children with persistent
CMA, 3.5% experienced severe reactions during therapy,
and 6.3% of those who discontinued OIT suffered severe
reactions following accidental milk ingestion, including two
fatalities.’' These results highlight that although OIT shifts
the timing and setting of allergic reactions to a super-
vised environment, it does not eliminate the risk. Notably,
meta-analytic data suggest that OIT does not significantly
increase the overall proportion of adverse reactions com-
pared with control groups (RR: 2.05; 95% Cl 0.96-4.37), nor
the proportion of severe reactions (RR: 2.65; 95% ClI 0.79-
16.90), but it highlights substantial heterogeneity across
protocols. A minority of patients (about 4%) may develop
eosinophilic esophagitis (EoE), a late-onset complication
that requires prolonged monitoring of maintenance."”
Given that traditional high-dose oral immunother-
apy (HOIT) protocols have been associated with long-
term reactions in up to 75% of patients and anaphylaxis
in approximately 19%, there has been a progressive shift
toward safer, risk-adapted approaches, such as low-dose
oral immunotherapy (LOIT) (Table 1).#” Controlled trials
using daily maintenance doses as low as 0.2-5 mL (7-170 mg
protein) have achieved SU in 33-38% of children, with mark-
edly lower adrenaline use (0-8%).4¢%2 Long-term follow-up
reveals higher adherence and lower dropout proportions
with LOIT (11% vs. 24% in HOIT), accompanied by mean-
ingful immunologic remodeling, including a 78% reduc-
tion in milk-specific IgE (although slightly less pronounced
than the 88% reduction observed with HOIT).>**4 Moreover,
reducing the allergenicity of the allergen, for example, by
using heated or baked milk, has been shown to improve

tolerability without compromising immunologic benefit. In
one study conducted by Nagakura et al., SU proportions
were comparable between heated and raw milk OIT (35%
vs. 50%), yet the heated group experienced fewer adverse
reactions.”

Collectively, these data support an evolving paradigm
toward personalized, precision-based OIT strategies that
prioritize safety without sacrificing efficacy, incorporating
lower maintenance doses, structurally modified antigen
formulations, and, where appropriate, adjunctive biologic
therapies in high-risk patients.

Patient Selection and Indications for Cow’s
Milk Oral Immunotherapy

Cow’s milk OIT has now been included in international
guidelines as a treatment option for children with IgE-
mediated CMA. It is a potential therapeutic option, par-
ticularly when strict avoidance therapy is ineffective,
imposes significant dietary or psychosocial limitations, or
significantly impacts QoL. A confirmed diagnosis is crucial
before starting OIT. In the absence of a clear history of
immediate hypersensitivity to cow’s milk or dairy product,
an oral food challenge (OFC) must be performed to confirm
the diagnosis and establish a baseline reactivity threshold,
which serves as an individualized reference for monitoring
treatment.'164!

Given the highly heterogeneous immunologic and clin-
ical profiles observed in CMA, it is now widely accepted
that no single OIT protocol can be applied universally to all
patients. Most international guidelines recommend priori-
tizing OIT for children aged >4 years because most low-risk
children spontaneously outgrow the allergy by age 5, and
early intervention may unnecessarily increase treatment
burden during this natural tolerance window." However,
recent studies have suggested a potential advantage for
earlier intervention in carefully selected high-risk patients,
particularly those with high baseline casein-specific IgE,
atopic multimorbidity, or a history of prior anaphylaxis,
in whom spontaneous resolution is doubtful.5>¢ Beyond
persistence prediction, baseline immunologic burden and
reaction phenotype now play a central role in therapeu-
tic decision-making. Parameters such as milk- or casein-
specific IgE levels, Skin Prick Test (SPT) wheal diameter,
basophil activation thresholds, and atopic multimorbidity
(e.g., asthma and AD) are increasingly used not only to
predict OIT responsiveness but also to anticipate safety in
the escalation phase.***” Consequently, high-risk patients
(e.g., those with very high sIgE, a history of anaphylaxis,
or uncontrolled asthma) are now preferentially directed
toward low-dose, heated/baked antigen protocols or bio-
logic-assisted induction. In contrast, moderate-risk children
with persistent CMA for >4 years represent ideal candi-
dates for standard-dose conventional or semi-rush OIT.#58
Several baked-milk or low-dose protocols have reported
high tolerance proportions within 24-36 months, but with
simultaneously high reaction proportions, emphasizing the
need for precision in-patient selection rather than univer-
sal early treatment.>

Because CM-OIT is a long-duration, adherence-
dependent procedure associated with a predictable risk
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of adverse reactions, careful assessment of family readi-
ness is critical.®® This includes assessing motivation, reli-
ability, and the ability to recognize and manage reactions
promptly. Families with high anxiety, poor access to emer-
gency care, or difficulty in attending frequent clinic visits
may be better suited for low-dose or stepwise OIT, or even
delayed OIT with interim introduction of baked-milk.¢'

Before starting treatment, uncontrolled asthma and
moderate-to-severe atopic dermatitis (AD) should be med-
ically optimized, as these conditions significantly raise the
risk of severe reactions. Additional relative contraindica-
tions include mastocytosis, active malignancy, systemic
autoimmune disease, or any condition that prevents safe
adrenaline use. A history of anaphylaxis to cow’s milk is
not usually an absolute contraindication in most expert-led
programs as long as the family is fully trained and therapy
is provided in an experienced and well-equipped center.'43*

A risk-stratified patient selection algorithm for CM-OIT
is presented in Figure 1.

Predictive Biomarkers for Treatment Selection
Prior to Cow’s Milk Oral Immunotherapy

Emerging data support a biomarker-guided approach to
determining who should start OIT versus who does not

need to.%2 Children with low and declining milk/casein sIgE
trajectories, shrinking SPT wheals, limited epitope breadth
(narrow IgE recognition, predominantly whey, rather than
casein), and a lower IgE-IgG4 ratio tend to follow a spon-
taneous tolerance path and may be observed rather than
treated.”® Recent infant cohort studies further support this,
showing that the absence of anaphylaxis at initial presen-
tation, no family history of atopy, and low baseline milk-/
casein-specific IgE levels independently predict early tol-
erance to baked forms within the first 2 years of life.”'® By
contrast, high and persistent casein-specific slgk, broad/
high-affinity IgE epitope repertoires (including casein/Bos d
8 [casein] binding), robust basophil activation at low aller-
gen doses (low EC50; strong CD63/CD203c response), and
rising or plateaued sIgE over time signal immunologic per-
sistence and favor early OIT consideration.”?%62¢4 Clinical
context refines these signals: multimorbidity (uncontrolled
asthma, severe AD), history of anaphylaxis, and older age
with ongoing reactivity (24-5 years) increase the pretest
probability of persistence, whereas infants/toddlers with
minimal SPT, low sIgE, and improving trajectories often
achieve tolerance with observation alone.2%% Exploratory
markers (e.g., component-resolved diagnostics, serum/
secretory IgA, blood transcriptomic Th2/Treg signatures,
and microbiome features) are increasingly promising but
require further standardization and external validation.'34

Confirm IgE-mediated CMA +
Baseline OFC

Low-risk profile
e Age <4-5 years
o Improving trajectory sIgE/SPT
« Baked tolerant
o Whey-dominant
o Mild reactions
« No asthma/well-controlled

Moderate-risk profile
¢ Persistent CMA 24 years
o Stable or slowly declining sIgE
e Moderate baseline SPT
o No anaphylaxis
e Mild asthma, controlled
o No major red flags on basophil

High-risk profile
o Very high milk/casein-specific IgE
« Broad/high-affinity epitope
binding
o Strong basophil activation at low
allergen doses

mild AD testing (if available) * Anaphylaxis
o Severe asthma/AD
N Y, L J 1\ )
OBSERVE Consider Consider LOIT/
monitor sIgE, standard-dose Heated OIT/
SPT, consider oIT . Biological-
baked ladder 50-200 mL/day ) i
FAMILY READINESS asisted OIT

CHECK

!

Risk-stratified clinical algorithm for 1nitiating cow’s milk oral immunotherapy (CM-OIT). The figure illustrates a stepwise,

Figure 1

risk-adapted decision algorithm integrating clinical, immunologic, and family-centered factors before initiating oral immunotherapy
in children with IgE-mediated cow’s milk allergy. Notes. AD: atopic dermatitis; CMA: cow’s milk allergy; LOIT: low-dose oral
immunotherapy; OFC: oral food challenge; OIT: oral immunotherapy; sIgE: serum allergen-specific IgE; SPT: skin prick test.
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Practically, a composite, longitudinal algorithm that inte-
grates sIgE/SPT kinetics, cysteine-rich domains (CRD)-
defined epitope dominance, and BAT thresholds, layered
on clinical risk, is likely to outperform any single marker
in selecting candidates for early, benefit-weighted CM-OIT.

Adjunctive Strategies

Despite growing success with CM-OIT, variability in long-
term durability and concerns about safety have accelerated
interest in adjunctive strategies designed to enhance tol-
erability, accelerate dose progression, or deepen immune
deviation. Among these, biologic agents have emerged as
the most promising co-therapeutic option, especially in
patients with high baseline IgE, severe atopic multimorbid-
ity, or poor protocol tolerance.¢

Omalizumab (anti-IgE), recently approved by FDA for
food allergy, is the most extensively studied adjunct to
CM-OIT.%® Multiple randomized trials demonstrate that
pre-treatment with omalizumab substantially reduces
escalation-phase reactions and enables faster progression
to maintenance, particularly in children with high milk-
specific IgE or a history of anaphylaxis. However, while
omalizumab clearly improves safety and tolerability, its
effect on SU remains inconsistent.®®7°

Other biologics, such as dupilumab (anti-interleukin-4
receptor alpha [IL-4Ra]) and etokimab (anti-IL-33), target
upstream Th2 signaling and may offer dual advantages, not
only reducing reactivity risk but also potentially enhancing
genuine immune deviation during OIT. Early-phase stud-
ies in cow’s milk and peanut OIT show encouraging trends
toward deeper modulatory effects.344748

Future Perspectives

The therapeutic landscape of IgE-mediated CMA is now
shifting from empiric desensitization toward preci-
sion-guided immune modulation, driven by three major
forces actively reshaping the field: protocol standardiza-
tion, immunologic stratification, and the integration of
biologic adjuncts. The most immediate need remains the
development and regulatory validation of standardized,
pharmaceutical-grade allergen formulations that ensure
reproducible protein content, epitope integrity, and
DBPCFC compatibility. This not only eliminates significant
heterogeneity sources across current OIT studies but also
enables global harmonization of clinical trial endpoints and
safety thresholds. In parallel, early-stage patient stratifica-
tion is expected to move rapidly from crude sIgE and SPT
cutoffs to multidimensional biomarker algorithms incorpo-
rating component-resolved diagnostics, epitope diversity
mapping, basophil reactivity, microbiome signatures, and
eventually transcriptomic tolerance-predictive profiles.
Such tools are on the verge of enabling truly risk-adaptive
OIT, escalating aggressively only in low-risk immune phe-
notypes while guiding others toward low-dose, adjunct-as-
sisted, or even non-OIT immune-repair strategies.

Perhaps the most transformative frontier is the emergence
of biologic-adjunct OIT, where agents such as omalizumab or
dupilumab are not merely used to “make OIT safer,” but also

reimagined as immunologic gateways that unlock therapy in
patients who were previously considered high-risk to attempt
desensitization at all. Early data suggest that biologic-guided
OIT could reduce escalation-phase morbidity, accelerate
maintenance achievement, and expand therapeutic eligibility
beyond the current “carefully selected” minority.

Conclusion

Cow’s milk allergy remains a common and potentially severe
food allergy in childhood, with a substantial impact on
patient safety, dietary practices, and family QoL. Our find-
ings contribute to the growing body of evidence support-
ing OIT as a promising approach for selected children with
CMA, offering the potential to increase reaction thresholds
and reduce the risk of accidental reactions. Nevertheless,
OIT should be implemented with careful patient selection,
close monitoring, and appropriate expertise, given the
risk of adverse reactions. Further prospective studies with
standardized protocols and long-term follow-up are needed
to better define the optimal candidates, safety profile, and
sustained outcomes of OIT in CMA.
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