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@ Randomized trial of early infant formula introduction to prevent cow’s milk allergy

Overview of the SPADE study

General population

Enroliment Randomization OFC, CMF 100mL
Intervention period —» Proportions of CMA
% at 6 months of age
Ingestion group (n=243) || Breastfed N 8.0 P< 001
Breastfed + CMF (=10mL/day) = CMF !
6.0
Breastfed
+ CMF 40
2.0
Avoidance group (n=249) ||| Breastfed |,
Breastfed *= soy formula = CMF 0 0.8%
Ingestion Avoidance
Within 5 1 month 3 months 6 months ~ 9roUP group
days of birth of age of age of age

SPADE: Strategy for Prevention of Milk Allergy by Daily Ingestion of Infant Formula in Early Infancy
CMF: Cow’s milk formula

OFC:  Oral food challenge

CMA: Cow’s milk allergy
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2. Abstract

Background: Previous research has produced conflicting evielemcthe preventative effects of
early cow’s milk protein introduction on cow’s middlergy (CMA).

Objective: Through a randomized controlled trial, we soughdétermine whether the early
introduction of cow’s milk formula (CMF) could senas an effective strategy in the primary
prevention of CMA in a general population.

Methods: We recruited newborns from 4 hospitals in Okinaldempan. Participants were randomly
allocated to ingest10 mL of CMF daily (ingestion group) or avoid CM&vpidance group)
between 1 and 2 months of age. The avoidance gngoplemented breastfeeding with soy formula
as needed. An oral food challenge was performédainths of age to assess CMA development.
Continuous breastfeeding was recommended for botlpg until 6 months of age.

Results: We identified 504 infants for randomization ink@t2 groups. Twelve participants declined
to receive the intervention, and the study sampieprised 491 participants (ingestion group: 242;
avoidance group: 249) for a modified intention+teat analysis. The number of CMA cases was 2
(0.8%) of 242 in the ingestion group and 17 (6.8%349 in the avoidance group (risk ratio: 0.12;
95% confidence interval: 0.01-0.98.001). The risk difference was 6.0% (95% confidgenc
interval: 2.7-9.3). Approximately 70% of particigameceived breastfeeding at 6 months of age in
both groups.

Conclusions:Daily ingestion of CMF between 1 and 2 monthsgd prevents CMA development.

This strategy does not compete with breastfeeding.

This trial is registered with the University HogpiMedical Information Network Clinical Trials
Registry (Trial ID: UMIN0O00025402; Available at

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctewicgi?recptno=R000029128).
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3. Key messages

Daily ingestion o£10 mL of cow’s milk formula between 1 and 2 montfisge prevents the

development of cow’s milk allergy.

This strategy does not compete with breastfeeding.

4. Capsule summary
This multicenter randomized controlled trial inants from the general population demonstrates a
safe and practical strategy (daily ingestion of ‘'sawilk formula between 1 and 2 months of age)

for preventing cow’s milk allergy.

5. Keywords
Food allergy, milk allergy, early introduction, gestion, cow’s milk, randomized controlled trial,

birth cohort, infant formula, cow’s milk formulagyg formula

6. Abbreviations

Cl (Confidence interval), CMA (Cow’s milk allergyEMF (Cow’s milk formula), CMP (Cow’s

milk protein), EAT (Enquiring About Tolerance), 3 (Food protein-induced enterocolitis
syndrome), OFC (Oral food challenge), RCT (Randeshizontrolled trial), RR (Risk ratio), SPADE
(Strategy for Prevention of Milk Allergy by Dailygiestion of Infant Formula in Early Infancy),
SPT (Skin prick test), UMIN-CTR (University Hosgitdedical Information Network Clinical

Trials Registry)
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7. Text

Introduction
Cow’s milk allergy (CMA) is relatively common in g childhood with an estimated prevalence of
0.5-4.9%-2 and approximately 50% of children outgrow their &Mithin the first 5 years of lifé:*
In Japan, neonates and their mothers usually remanaternity hospitals for one week after birth,
during which a proportion of neonates are given'sawilk formula (CMF) if required. Due to
general recommendations for exclusive breastfeediMJ- ingestion is frequently discontinued
after hospital discharge. Some of these infantg laawvelevated risk of developing CMA with the
introduction of baby food containing cow’s milk peo (CMP) or the reintroduction of CMF.
Recent systematic reviews and a meta-analysisndbraized controlled trials (RCTs) reported that
the early introduction of allergenic foods can ervthe development of the corresponding
allergies™® Similarly, observational studies have found ttetyeCMP introduction was associated
with a lower risk of CMA developmeri£° In one such study, exposure to CMP at age 15-9g! da
had an increased odds of CMA development when coedpsith exposure in the first 14 days of
life.” However, no RCTs have demonstrated the effica@adff CMP exposure to prevent CMA
development:®

An RCT from Japan in 2019 showed that the avoidah¢&MP for the first 3 days of life
suppressed milk sensitization and prevented CM/A&lkigwment at 2 years of affeHowever,
previous RCTs have generally been limited by facsorch as low adherence to diet regintéfete
intervention*? and lack of information about the continuatiorCMIF ingestion> Accordingly,
there is insufficient evidence of the CMA preveiviaeffects of early CMP introduction. In order to
provide better evidence for the possible prevergatifects of early CMF introduction, we designed
and conducted an RCT that accounted for the timfi@MF introduction, adherence, ingestion
duration, and ingestion quantities.

Here, we report the results of the Strategy fov@mngon of Milk Allergy by Daily
Ingestion of Infant Formula in Early Infancy (SPAP&udy, which was a randomized controlled

intervention study on infants recruited from thagmel Japanese population. This trial was designed
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to determine whether the early introduction of Ctdluld serve as an effective strategy in the

primary prevention of cow’'s milk sensitization aaltergy in a general population.
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Methods
Study design and participants

The SPADE study was a multicenter, open-label RE&gufe 1). The trial recruited newborns within
5 days of birth from 4 hospitals in Okinawa, Jafldeartlife Hospital, Okinawa Kyodo Hospital,
Naha City Hospital, and University of the Ryukyusdfiital). The inclusion criteria were a
gestational age of35 weeks and a birth weight ®2,000 g. Candidate participants were excluded if
they had complications of any severe underlyingakie (i.e., severe neonatal asphyxia, severe
respiratory/cardiovascular diseases, and endoorétabolic diseases). Written informed consent
was obtained from each participant’s parents upwoallenent. Shortly after birth, all participating
families received a standardized baseline quesdiomabout the mother’s elimination diet during
pregnancy, parental smoking, pet ownership, anenpalrhistory of atopy (including food allergy,
bronchial asthma, atopic dermatitis, and allerinitis). The mothers were advised to follow the
Japanese Guidelines for Food Allergy 2017, whicimalorecommend food elimination as an allergy
prevention measure for pregnant and lactating msifi@he investigators checked the daily
guantity of CMF consumed by each participant basetis/her medical records during the initial
maternity hospitalization. Participants ingestedFCas required to supplement breastfeeding before
1 month of age. Adverse events and the daily giesmtf CMF consumed were recorded in an event

diary by parents, and physicians checked thesgdiduring monthly visits up till 6 months of age.

Screening oral food challenge

A screening oral food challenge (OFC) was performedll participants at 1 month of age. Here,
participants ingested 20 mL of CMF at one timetiBigants with a negative result were randomly
assigned to either a CMF ingestion group (desightite “ingestion group”) or elimination group

(“avoidance group”).

Randomization and allocation
Participants were randomly assigned to the ingegfioup or avoidance group in a 1:1 allocation

ratio. The allocation plan was created by an ingastr (TS) and carried out using the block
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randomization method (block size: 4). AssignmergsaAbased on a computer-generated random
number table, and the results were orally commuitto the treating physicians and the

participants’ parents.

Intervention

Participants in the ingestion group were assignedgest-10 mL of CMF (equivalent to 150 mg of
CMP) daily between 1 and 2 months of age. Thismegispecified a minimal average
administration of CMF for20 days/month with a maximum interruption of 1 weleking the
intervention period until the participant reacheah@nths of age. There was no upper limit on CMF
intake, and the participants’ parents were to p@€MF as needed. Although the type of CMF was
not specified, parents were instructed not to yskedhyzed or amino acid-based formulas.
Participants in the avoidance group were assigmeddid CMF (<10 days/month) between 1 and 2
months of age. The participants’ parents were advis supplement breastfeeding with soy formula
when required during the intervention period. Cumid breastfeeding throughout the study period
was recommended for both groups.

Skin prick tests (SPTs), an open OFC at 3 montlegef(1st OFC), and an open OFC at 6
months of age (2nd OFC) were performed to assegs adlk sensitization and CMA (See
Supplementary Methods). With the exception of itdamith a positive 1st OFC result, the
participants ingested CMF on demand to supplemeatstfeeding after reaching 3 months of age.
The 2nd OFC was performed in all participants,udiig those with positive 1st OFC results. While
there were generally no restrictions on the ingestf complementary food, participants were not

allowed to ingest dairy products except for CMHAIuhe 2nd OFC was performed.

Outcome measures
The primary outcome measure was the proportioradfgipants with CMA confirmed by the 2nd
OFC at 6 months of age. The secondary outcome mesasere the proportion of participants with a

positive SPT response to cow’s milk; wheal diamefe¢he cow’s milk SPT; and serum titers of
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cow's milk-specific IgE, casein-specific IgE, arasein-specific IgG4 in cow’s milk-sensitized

infants at 6 months of age.

Sample size

We predicted that the prevalence of IgE-mediatedd@ithe general population would be <5%
based on published repoftsWe estimated that 344 infants were required i emoup (foro = .05
andp = .20) to detect a 75% reduction of CMA at 6 menthage (avoidance group: 4.9% vs
ingestion group: 1.2%). Allowing for a 10% dropoate during the follow-up period (until the 2nd

OFC), we originally aimed to recruit a total of 7iéfants.

Statistical analysis

We performed an analysis of all participants wheeieed the intervention and could be assessed for
the primary outcome irrespective of whether they tiacontinued treatment before the scheduled
visit at 6 months of age (modified intention-toar@nalysis). We also analyzed the per-protocol
population, which only included participants whailtbbe assessed for the primary outcome and
had adhered to the assigned regimen.

Inter-group comparisons were performed using Fistexact test for categorical variables
and the Mann-Whitnel test for continuous variables. The risk ratio (RRYl 95% confidence
intervals (CI) for the outcome measures were catedl We set the level of statistical significance
at .05 (two-tailed). All statistical analyses weerformed using EZR software (Saitama Medical
Center, Jichi Medical University, Saitama, Jadﬂﬁ)he institutional ethics committee of each
participating hospital approved the study protogbis trial is registered with the University
Hospital Medical Information Network Clinical Triddegistry (UMIN-CTR Trial ID:

UMIN000025402).
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Results
Study population

The study population is outlined in the CONSORTgdian (Fig 2). SPADE study enrollment took
place from January 1, 2017 to August 31, 2019. §utéSnber 1, 2019, enroliment was ceased
before reaching the target sample size due to fignanstraints. Data collection was completed on
March 30, 2020. Of 518 infants enrolled within Yslaf birth, 12 declined to participate before
allocation and 2 were excluded as they develodedya reactions to the screening OFC. One of the
excluded infants was diagnosed as having food ipratduced enterocolitis syndrome (FPIES) for
CMP. The remaining 504 candidate participants wenelomized into 2 groups, but 12 (2.4%)
declined to receive the intervention. The studygamomprised 492 participants (ingestion group:
243; avoidance group: 249). Among these, 462 (9B&fénded their scheduled visit at 6 months of
age to undergo the SPT and 2nd OFC. Thirty paditgvoluntarily withdrew from both groups; of
these, 29 confirmed by phone that they had ingesté@ mL of CMF with no allergic reaction at 6
months of age. These participants were includedearprimary intention-to-treat analysis, but
excluded from the per-protocol analysis. Due to-adherence to the regimens, 23 (10.1%)
participants in the ingestion group and 40 (17.@%}icipants in the avoidance group were excluded

from the per-protocol analysis.

Baseline characteristics

The participants’ baseline characteristics are sariz@d in Table’] and Table E1. There were no
significant inter-group differences in the baselileenographic and clinical characteristics. None of
the mothers had eliminated CMP from their diet glgipregnancy. The proportions of CMF
avoidance for the first 3 days of ffeand start of daily CMF ingestion in the first 1dyd of life

were similar between the groups.

Intervention adherence
In the ingestion group, 89.9% of participants ingdsCMF for>20 days/month with a maximum

interruption of 1 week during the intervention pekiln the avoidance group, 83.0% of participants

10
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did not ingest CMF for20 days/month during the intervention period (Fig.E

Clinical outcomes at 6 months of age

The clinical outcomes at 6 months of age are suizethin Table’]. The proportion of participants
with daily CMF ingestion between 3 and 5 monthagd was significantly higher in the ingestion
group than the avoidance group (54.2% vs 35P24)01). Approximately 70% of participants were
still being breastfed at 6 months of age in bothugs. None of the mothers had eliminated CMP
from their diet during lactation. There were nondfigant inter-group differences in the proportion
of clinician-diagnosed eczema (including mild ecaemot considered to be atopic dermatitis) and

sensitization to egg white, wheat, and soy.

Primary outcome measure
The primary outcomes are shown in Figure 3. Inpifiary intention-to-treat analysis population,
the number of OFC-confirmed CMA cases at 6 monttege was 2 (0.8%) of the 242 ingestion
group participants and 17 (6.8%) of the 249 avaidagroup participants (RR: 0.12, 95% CI: 0.01—-
0.50,P<.001). The risk difference was 6.0% (95% CI: 2.3}9or the worst-case scenario analysis
(in which participants who withdrew and were lasfdllow-up from the ingestion group and
avoidance group were considered positive and negatispectively, for the primary outcome), 3
(1.2%) of the 243 ingestion group participants @é&C-confirmed CMA compared with 17 (6.8%)
of the 249 avoidance group participar®s.,001).

In the per-protocol analysis population, none ef204 ingestion group participants had
OFC-confirmed CMA compared with 17 (8.7%) of thé E¥oidance group participan<.001).

The clinical details of participants with positigad OFC results are presented in Table E2.

Secondary outcome measures
The number of participants with a positive SPT oege to cow’s milk at 6 months of age was 11

(4.8%) of the 227 ingestion group participants 88d16.2%) of the 235 avoidance group

11



299

300

301

302

303

304

305

306

307

308

309
310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

participants (RR: 0.26, 95% CI: 0.12-0.5%,.001). Although the wheal diameter of the egg &hit
SPT was similar between the groups, the wheal de&moé the cow’s milk SPT was larger in the
avoidance group than in the ingestion graep.Q01) (Fig 4). The median titer of cow’s
milk-specific IgE in participants with a positivé®$ response to cow’s milk at 6 months of age
(n=49) was 0.51 kUA/L (range: <0.10-0.78 kUA/L)tire ingestion group and 0.55 KUA/L (<0.10-
21.1 kUA/L) in the avoidance group£.20). The median titer of casein-specific IgE wasl0
kUAJ/L (range: <0.10-0.33 KUA/L) in the ingestiorogip and <0.10 KUA/L (<0.10-26.3 KUA/L) in
the avoidance group€.40). The median titer of casein-specific IgG4 ®a&l mgA/L (range:

0.45-10.46 mgA/L) in the ingestion group and 0.2 (0.08-0.33 mgA/L) in the avoidance

group P=.02) (Fig 5).

Safety outcomes

No CMF-related adverse events occurred duringttieysOne avoidance group participant had an
FPIES-type reaction (delayed, recurrent, and peofigeniting) and was advised to stop the assigned
regimen. Twenty avoidance group participants expegd transient gastrointestinal symptoms (9
had vomiting, 8 had constipation and 3 had diairbéar ingesting soy formula. A total of 30

(6.1%) participants (ingestion group: 16; avoidagaup: 14) withdrew from the trial after the
intervention began. No participants withdrew duadweerse reactions caused by the trial formula
(Table E3). We also monitored the hospitalizatibparticipants throughout the study period. The
majority of hospitalizations were due to infectipaad the proportions of hospitalized cases did not

significantly differ between the groups (Table E4).
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Discussion

This RCT demonstrated that the daily consumptioa sinall quantity of CMF between 1 and 2
months of age prevented the development of OFCiooed CMA in infants recruited from the
general population. These findings are clinicaiyportant because the strategy does not hinder

continued breastfeeding.

Timing of CMF introduction, intervention adherence, ingestion duration, and ingestion
quantities

While some observational studies have shown thrt EMF introduction is associated with a lower
risk of CMA,”®° a meta-analysis of 2 RCTs did not find any sigatffit preventative effects (RR:
0.76, 95% CI: 0.32—1.7§)However, the results of those RCTs should bepné¢ed with several
caveats in mind. One RCT had recruited infantsgit Hisk of atopy, and reported the CMA
prevalence within the first 2 years of life to h@% in the soy formula (avoidance) group and 3.1%
in the conventional CMF group (odds ratio: 1.36%961: 0.46—4.00f" However, the adherence rate
to the allocated regimen was only 63% at 6 montlage, which may have contributed to the
non-significant results. The other RCT was basetherEnquiring About Tolerance (EAT) study,
which recruited infants from the general populatiGMA prevalence was 0.67% in the standard
introduction group and 0.53% in the early introdreigroup (RR: 0.79, 95% ClI: 0.18-3.56).
However, the EAT study had defined CMP avoidanca daily formula milk intake <300 mL,
resulting in the possible early introduction of Civifboth groups. In addition, infants in the early
introduction group only began CMF ingestion fromm8nths of age, which may be too late to
effectively prevent CMA developmefht®

Because our trial did not perform a screening Séfork the intervention, the participants
may have included infants who were sensitized ww<milk at the time of assignment.
Nevertheless, the lack of adverse events durinintkevention period indicates that the daily
ingestion of 10 mL of CMF is safe. In addition, ttedatively low minimum intake of CMF in our
strategy is practical and may have facilitated aglnee. However, 2 cases showed allergic reactions

after ingesting 20 mL of CMF in the screening OBDe case involved an FPIES-type reaction, and

13
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the other developed skin symptoms without anaplg/l&arly intervention from the neonatal period
may be beneficial because IgE-mediated CMA canldpugefore 1 month of age. Urashima et al.
recruited newborns with a high risk of atopy, aeparted that the prevalence of CMA by 2 years of
age was 0.7% in infants who were breastfed foeadtlthe first 3 days of life and 6.6% in infants
who ingested CMF from the first day of life (RR10, 95% CI: 0.01-0.77f.In our study, there

were no differences in breastfeeding or CMF feegiatgerns during the neonatal period between the
ingestion and avoidance groups (Table 1 and Fig &g none of the 31 participants who avoided
CMF for the first 3 days of life developed CMA (F). A prospective study found that exposure to
CMP during the initial maternity hospitalizatiorcneased the risk of CMA, and subsequent or
continued exposure may promote toleralidemong our participants, the ingestion group and
avoidance group had a higher and lower proportigspectively, of daily CMF ingestion after the
intervention period; the intervention may haveueficed each participant’s post-intervention
feeding pattern.

A dose-response analysis was performed on thearsgaip between the ingestion
quantities of CMF and CMA development, which showret none of the participants who
consumed70 mL of CMF per week between 1 and 2 months ofdayeloped CMA (Fig E3).

These results therefore support our interventi@baaol involving a daily minimum of 10 mL of

CMF.

Intervention period and breastfeeding

As the randomization of breastfeeding in infantsristhical, we recommended breastfeeding to both
groups. Furthermore, limiting CMF supplementatiomiidg the neonatal period may be associated
with various risks, such as jaundice, hypoglycemia poor weight gain. Thus, we set the start of
the intervention at 1 month of age. Infant feediagterns in the first 3 months after birth are
important in preventing CMA developmétitand the intervention period was therefore sehtbat

3 months after birth. The EAT study detected nfedéince in the breastfeeding continuation rate

between the early introduction group (starting Ciktieke at 3 months of age) and standard

14
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introduction group (starting CMF intake at 6 montiisige) Similarly, we did not observe any
inter-group difference in the proportion of breastfing up to 6 months of age in our subjects. In
Okinawa, the proportion of breastfeeding contirarats approximately 70% (comprising similar
proportions of exclusive breastfeeding and mixedliieg) at 6 months of age in the general
population*’ Therefore, even the ingestion group participamtsiir study had higher breastfeeding

continuation rates than the general population.

Study strengths

The main strength of the SPADE study is that it designed for the general population, and its
findings have a high level of generalizability.dddition, the participants performed the regimens
safely with high levels of adherence, and the iretion did not interfere with breastfeeding. RCTs
involving the early introduction of infant formutae often impaired due to the high proportion of
mothers who wish to maintain exclusive breastfegpdim addition, it would be ethically
unacceptable to prohibit infant formula ingestiorthie control group, and it is difficult for parerib
accept amino acid-based formulas that have inféaigte and nutritional value. To overcome these
problems, our intervention allowed unlimited CMIgéstion during the neonatal period. The
avoidance group was provided with soy formula atost between 1 and 2 months of age to
facilitate CMP avoidance. In addition, CMA was detmed by OFC in all cases (including infants
who disliked CMF ingestion) excluding withdraweFhis ensured the accuracy of CMA incidence
at 6 months of age. However, CMA occurred in 6.8%he avoidance group, which is substantially
higher than previously reported prevalent&€She dose-response analysis showed that all
participants who developed CMA ingested less tltamE of CMF per week between 1 and 2
months of age (Fig E3). The higher incidence of Cidhe avoidance group may therefore be due

to their restricted CMF ingestion, but further aisak are required to understand this finding.

Study limitations and future issues

First, this study did not employ masking or alld@atconcealment. Because it is difficult to blindly
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408 and randomly assign infant formula, we employedpen-label intervention. Second, we did not
409 perform a double-blinded, placebo-controlled OF€dnfirm CMA. Therefore, the physicians were
410 aware of each participant’s allocated group, whetders the evaluations susceptible to investigator
411  bias. Also, this lack of masking may have influahtge results, as a larger number of participants i
412  the ingestion group declined the intervention timatie avoidance group. However, due to the low
413  prevalence of CMA in the general populatidhye posit that the difference in declined caseslevou
414  not have a substantial impact on our findings.armnore, objective physical findings were used to
415  identify sensitization, and each evaluation wasgpered by>2 investigators. Third, blood samples
416  were only drawn from cow’s milk-sensitized infartowever, the SPT is more sensitive than

417  analyses of allergen-specific IgE levels for idiitig sensitizatior!® Fourth, eczema severity was
418 not quantitatively evaluated using thymus and atiim-regulated chemokines or the Scoring

419  Atopic Dermatitis tool. For this reason, we perfedra subgroup analysis for the presence or

420 absence of eczema (Fig E2). Both groups used the skin care intervention, and there was no
421  difference in the prevalence of eczema or the piapoof participants with food sensitization

422  (excluding CMP). Fifth, mothers in both groups wea instructed to avoid dairy products. It is
423  therefore possible that some avoidance group paatits had ingested a small amount of CMP via
424 breast milk between 1 and 2 months of age. Howeletary restrictions for mothers are not

425 recommended. Our results indicate that CMA canrbegmted by daily ingestion of CMF in infants
426  without restricting mothers’ intake of dairy prodsic

427 This study did not examine the effectiveness objartics and the role of gut microbiota in
428 preventing CMA. Previous studies have reportedsso@ation between gut microbiota and

429  regulatory T-cell inductiod®*° Feehley et al. noted that the transfer of heaftfants’ microbiota to
430 mice protected against allergic responses to CMtRhe microbiota of CMA infants had no such
431  effects?® It may therefore be important to introduce CMRfhe establishment of gut microbiota
432  that can induce regulatory T-cells. Our study shbtat cow’s milk-sensitized participants in the
433 ingestion group had higher casein-specific lgG4lethan the avoidance group, suggesting that

434  CMF ingestion from the first month induces tolerabac CMA. If CMF is ingested within the first 3
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days of life, CMA may be prevented by consistegestion of CMF from the first month onward.

Conclusions
Daily ingestion of CMF between 1 and 2 months @& pgevents CMA development. This strategy

does not interfere with breastfeeding.
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Fig 1. Study design.

Infants in the ingestion group ingestetd mL of cow’s milk formula (CMF) daily between hd2
months of age. Infants in the avoidance group ambdMF between 1 and 2 months of age. At 3
and 6 months of age, participants in both grougienment oral food challenges (OFCs) with a total

of 50 mL (1st OFC) and 100 mL (2nd OFC) of CMFpedively.
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Fig 2. SPADE study enrollment, screening, and partipant flow.

*At 1 month of age, participants underwent a scregoral food challenge (OFC) involving a

single dose of 20 mL of cow’s milk formula (CMF)nfants in the ingestion group ingestetd mL

of CMF daily between 1 and 2 months of aljefants in the avoidance group avoided CMF between
1 and 2 months of agéThe 1st OFC consisted of a cumulative dose of 5@ACMF. "The 2nd

OFC consisted of a cumulative dose of 100 mL of CSHT, skin prick test.
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Fig 3. Primary outcome in the modified intention-tatreat analysis and per-protocol analysis.
Proportions of positive results in the cow’'s mitkkrhula oral food challenge (cumulative dose of
100 mL) at 6 months of age in the (A) modified itten-to-treat analysis that included participants
who withdrew voluntarily, but not those lost tolél-up; and (B) per-protocol analysis that only
included participants who adhered to the assigeguinen. P values were calculated using Fisher’s

exact test. CMA: cow’s milk allergy.
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Fig 4. Wheal diameter of cow’s milk and egg whiteksn prick test at 6 months of age.

P values were calculated using the Mann-Whitneysdtl te
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Fig 5. Titers of cow’s milk-specific IgE, casein-sgcific IgE, and casein-specific IgG4 in cow’s
milk-sensitized infants at 6 months of age.

Serum titers of (A) cow’s milk-specific IgE, (B) ain-specific IgE, and (C) casein-specific IgG4
were measured in participants with cow’s milk seraiion confirmed by the skin prick test.

values were calculated using the Mann-Whitney ttl tes
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SUPPLEMENTARY TABLES

Table E1. Additional baseline characteristics of pdicipants at randomization

Ingestion group (n=243)

Avoidance group (n=249)

Characteristics Missing Number or | Percentage o Missing Number or | Percentage or| P value
value median IQR value median IQR

Gestational age (weeks) 0 39 38-40 0 39 38 -4(Q 34

Birth weight (g) 0 3026 2805 - 3276 0 2995 279383 .08

No siblings 0 91 374 0 95 38.2 .78

Maternal age 0 32 28 - 36 0 32 29-36 .6

Maternal body mass index

before pregnancy 3 20.7 19.2-231 2 21.2 19.5 - 234 11

Maternal weight gain during ) )

pregnancy 5 10.0 8.0-12.6 1 9.7 74-11.9 .26

Maternal smoking 0 10 4.1 0 6 2.4 .32

Paternal age 0 33 29 - 37 2 33 29 -37 .86

Paternal smoking 0 81 33.3 2 82 32.9 >.99

Domestic dog exposure at birth 0 41 16.9 0 27 10.8 .07

Domestic cat exposure at birth 0 16 6.2 0 15 6.0 99 >.

P values were calculated using Fisher’s exact tgstdtegorical variables and the Mann-Whitkey

test for continuous variables. IQR, interquartdage.
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Table E2. Clinical details of participants with pogtive results in the oral food challenge to

cow’s milk formula at 6 months of age

Cumulative Total IqE m?l:lf- st,sec Casein-sp
CMF (CMP) 9 k-Sp ecific IgE | Casein-specifi
Group dosage at first at6 ific IgE at6 clgG4 at 6

No. allocation appearance 0 Symptoms Medication rg;)ggés m?)tn?hs months | months of age|

symptoms, (U/mL) of age of age (mga/L)

ml (mg) (KUAJL) (KUA/L)
17 Ingestion 100 (1500) LU None 53.2 0.78 <0.1(¢ 0.09
2 Ingestion 5 (75) LU None 9.0 0.53 <0.10 <0.07
3 Avoidance 100 (1500) LU None 8.3 1.26 <0.10 0.12
4 Avoidance 20 (300) LU None 35.0 0.52 0.20 0.07
5 Avoidance 100 (1500) LU None 19.6 0.69 <0.10 <0.07
6 Avoidance 50 (750) LU None 23.0 0.90 <0.10 0.19
7 Avoidance 5 (75) SuU Antihistamine 152 5.04 5.19 0.13
8 Avoidance 50 (750) LU None 14.2 3.64 <0.10 <0.07
9 Avoidance 5 (75) LU None 32.7 0.48 0.42 0.09
10 | Avoidance | 20 (300) coSuLé]h\igg Antihistamine, 156 20.2 5.19 0.09
L Salbutamol ' ’ '
wheezing

11 Avoidance 20 (300) LU None 115 0.57 <0.10 0.08
12 Avoidance 100 (1500) LU None 106 1.09 0.30 0.13
13 Avoidance 100 (1500) LU None <5.0 0.49 0.44 NA
14 Avoidance 5 (75) LU None 338 3.39 2.60 0.09
15 Avoidance 100 (1500) LU None 5.9 0.19 0.16 NA
16 Avoidance 100 (1500) LU None 13.9 1.04 0.37 NA
17 Avoidance 50 (750) LU None 67.1 1.13 <0.1(¢ NA
18 Avoidance 20 (300) SU Antihistamine 152 21.1 326. NA
19 Avoidance 20 (300) LU, V None 11.8 0.51 <0.1(¢ NA

CMF, cow’s milk formula; CMP, cow’s milk protein;, localized urticaria referring to noncontact

urticarial reactions; SU, systemic urticaria; Vmiting. "Excluded from the per-protocol analysis

due to insufficient adherence to the assigned regifne., ingestion of CMF <10 days a month in

the avoidance group and regular ingestion of CME#8 days a month with a maximum

interruption of 1 week in the ingestion group).

S2



Table E3. Details of participants who withdrew fromthe trial after the intervention

Group allocation

Age at withdrawal

Reason for withdrawal

Allergic reaction caused by

(months) the trial formula
Ingestion 5 Stopped tak|_ng cow's milk formula due to None
disliking the taste
Ingestion 3 Unknown Unknown
. Difficulties in visiting the hospital for
Ingestion 3 . None
appointments
Ingestion 3 Difficulties in visiting the hospital for None
appointments
) Difficulties in visiting the hospital for
Ingestion 3 appointments None
Ingestion Moved None
Ingestion Difficulties in visiting the hospital for None
appointments
) Difficulties in visiting the hospital for
Ingestion 4 appointments None
Ingestion 4 Difficulties in V|s!t|ng the hospital for None
appointments
. Refused to undergo oral food challenge fo|
Ingestion y None
assessment of the primary outcome
Ingestion Moved None
Ingestion 6 Difficulties in V|s!t|ng the hospital for None
appointments
Ingestion 6 Difficulties in visiting the hospital for None
appointments
) Difficulties in visiting the hospital for
Ingestion 6 appointments None
. Difficulties in visiting the hospital for
Ingestion 6 appointments None
Ingestion 6 Difficulties in V|s!t|ng the hospital for None
appointments
Avoidance 5 Stopped ta_kmg the soy formula due to None
disliking the taste
Avoidance 2 Exacerbation of maternal mental illness None
Avoidance 2 Treatment of a ventricular septal defec None
. Stopped taking the soy formula due to
Avoidance 3 disliking the taste None
Avoidance 3 Difficulties in V|s!t|ng the hospital for None
appointments
Avoidance 3 Moved None
. Difficulties in visiting the hospital for
Avoidance appointments None
Avoidance 4 Difficulties in V|s!t|ng the hospital for None
appointments
Avoidance 5 Difficulties in visiting the hospital for None
appointments
. Difficulties in visiting the hospital for
Avoidance 5 appointments None
. Difficulties in visiting the hospital for
Avoidance 5 appointments None
Avoidance 5 Refused to undergo oral _food challenge fo| None
assessment of the primary outcome
Avoidance 6 Difficulties in visiting the hospital for None
appointments
Avoidance 6 Difficulties in visiting the hospital for None

appointments

S3




Table E4. Hospitalization during the study period

Ingestion grou Avoidance grou
’ (n=227g) P (n=235? P Pvalue

Total number of hospitalizations 17 (7.5%) 11 (H7% .24
Reason for hospitalization

Respiratory syncytial virus infection 12 5

Influenza virus infection 1 3

Human metapneumovirus infection 1 0

Acute bronchiolitis 1 0

Viral pneumonia 1 0

Viral meningitis 0 1

Febrile seizure 1 2

Data are presented as patient number P#galue was calculated using Fisher’s exact test.

S4




Table|. Baseline characteristics of participantsat randomization

Ingestion group (n=243) Avoidance group (n=249)
Characteristics Missing | Number or | Percentage off Missing | Number or | Percentage or] P value
value median IQR value median IQR

Male 0 127 52.3 0 142 57.0 .32
Caesarean section 0 53 21.8 0 62 24.9 .46
Season of birth: spring/summer 0 155 63.8 0 168 5 67. .40
Maternal food allergy 0 39 16.0 0 27 10.8 A1
Maternal bronchial asthma 0 31 12.8 0 33 13.3 .89
Maternal atopic dermatitis 0 24 9.9 0 18 7.2 .34
Maternal allergic rhinitis 0 63 25.9 0 70 28.1 .61
Paternal food allergy 0 39 16.0 2 36 14.5 71
Paternal bronchial asthma 0 33 13.6 2 30 12.0 .69
Paternal atopic dermatitis 0 19 7.8 2 12 4.8 .20
Paternal allergic rhinitis 0 56 23.0 2 56 22.5 >.99
Amount of CMF intake per da
during the neonatal periog 8 80 0->200 8 80 0->200 .61
(mL)
Frequency of CMF intake per
month during the neonatal 8 27 8-30 8 26 9-30 .94
period
Avoidance of CMF for the first

8 18 7.4 8 13 5.2 .36
3 days of life
Started daily ingestion of CMFK

8 115 47.3 8 117 47.0 >.99
in the first 14 days of life

P values were calculated using Fisher’s exact testdtegorical variables and the Mann-Whithgy

test for continuous variables. IQR, interquartdage; CMF, cow’s milk formula.



Table (1. Clinical outcomesin theintention-to-treat analysis population

Ingestion group (n=242) Avoidance group (n=249)

Clinical outcomes P value

Missing value| Number or median  Percentage or IQR ssMg value| Number or medign  Percentage or IQR
Amount of CMF intake per day between 1 and 2 moaoftagye (mL) 9 106 30 - >200 8 0 0-0 <.001
Frequency of CMF intake per month between 1 ane@ths of age 9 30 26 - 30 8 2 0-8 <.001
Amount of CMF intake per day between 3 and 5 mooffegge (mL) 16 >200 0->200 15 100 0 ->200 <.001
Frequency of CMF intake per month between 3 anasths of age 16 30 8.5-30 15 26 0-30 <.0p1
Daily ingestion of CMF between 3 and 5 months &f ag 16 123 54.2 15 82 35.0 <.00L
Continuation of breastfeeding up to 3 months of age 6 212 89.5 6 218 89.7 >.99
Continuation of breastfeeding up to 6 months of age 16 164 72.2 14 159 67.7 .31
Body weight at 6 months of age (g) 26 7560 7130 - 8220 24 7415 6965 - 8138 2B
Eczema before 3 months of age 4 121 50.6 5 126 51.6 .86
Eczema between 3 and 5 months of age 15 70 30.7 13 75 31.8 .84
Positive SPT response to egg white at 6 monthgef a 16 64 28.2 14 64 27.2 .84
Positive SPT response to wheat at 6 months of age 6 1 2 0.9 14 2 0.9 >.99
Positive SPT response to soy at 6 months of age 16 1 0.4 14 0 0.0 .49
Positive SPT response to cow’s milk at 6 monthagef 16 11 4.9 14 38 16.2 <.001L
Cow’s milk allergy at 6 months of age 0 2 0.8 0 17 6.8 <.001]

P values were calculated using Fisher’'s exact testcliegorical variables and the Mann-Whitngytest for continuous variables. tModified

intention-to-treat analysis included participanttowhad confirmed the intake of dairy products afteluntarily withdrawing from the trial. 1QR,

interquartile range; CMF, cow’s milk formula; SRBKin prick test.
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SUPPLEMENTARY FIGURES
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Fig EL1. Proportions of daily CMF ingestion quantities
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CMA at 6 months of age

CMA at 6 months of age

CMA at 6 months of age
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Fig E2. Outcomes of the post-hoc subgroup analyses

S1




g, 8
«<
S 1200 8
=z 8
g &
2 1000 g
q
=
3 800 8
g %
=
S 600
E &
2 S
80
E 400
@}
) 200
o 51.3 mL
J1.0
B o T
S 0
=
Non-CMA CMA
(n=443) (n=19)

Fig E3. Mean weekly CM F ingestion quantities between 1 and 2 months of agein
non-CMA and CMA infants

S1



Enrollment  Screening OFC 1st OFC, 2nd OFC,

within 5 o CMF 50 mL CMF 100 mL
days of birth Randomization (equivalent to 750 mg of (equivalent to 1500 mg of cow’s
cow’s milk protein) milk protein)
Ingestion group
Breastfed and CMPE(0 Breastfed and spontaneous
mL/day) ingestion of CMF

v

Avoidance group

Breastfed supplemented with Breastfed and spontaneous
soy formula ingestion of CMF

v

mth mth mth mth



Inclusion criteria: gestational

Eligible for enrollment (n=518)

age>35 weeks and birth weight

Declined to receive screening OFiG=6)
Positive screening OFC (n=2)

A

>2,000 g

A 4

\ 4

Declined to receive intervention before allocation (n=6)

Randomization (n=504)

Declined intervention (n=9)

A

Ingestion group (n=243)

Withdrew voluntarily* (n=6)
- Lost to follow-up (n=1)

Assessment at 3 months of age (n=237)
Positive SPT response to cow’s milk (n=5)
Cow’s milk allergy confirmed by 1st OFC(n=1)

Withdrew voluntarily* (n=10)
- Lost to follow-up (n=0)

A

Assessment at 6 months of age (n=227)
Positive SPT response to cow’s milk (n=11)
Cow’s milk allergy confirmed by 2nd OF@n=2)
Modified intention-to-treat analysis (n=242)
Cow’s milk allergy (n=2)

Excluded due to inadequate treatment adherence (n+€6

Per-protocol analysis (n=204)
Positive SPT response to cow’s milk (n=8)
Cow’s milk allergy confirmed by 2nd OF@n=0)

Declined intervention (n=3)

Avoidance group(n=249)

Withdrew voluntarily* (n=6)
- Lost to follow-up (n=0)

>

\4

Assessment at 3 months of age (h=243)
Positive SPT response to cow’s milk (n=10)
Cow’s milk allergy confirmed by 1st OFQn=6)

Withdrew voluntarily* (n=8)

) - Lost to follow-up (n=0)

v

Assessment at 6 months of age (n=235)
Positive SPT response to cow’s milk (n=38)
Cow’s milk allergy confirmed by 2nd OF@n=17)
Modified intention-to-treat analysis (n=249)
Cow’s milk allergy (n=17)

>

Excluded due to inadequate treatment adherence (n

=40)

A 4

Per-protocol analysis (n=195)
Positive SPT response to cow’s milk (n=36)
Cow’s milk allergy confirmed by 2nd OF@n=17)
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SUPPLEMENTARY METHODS

Oral food challenges

The 1st oral food challenge (OFC) was performebiih groups at 3 months of age, and consisted
of a cumulative dose of 50 mL of cow’s milk formfaMF; equivalent to 750 mg of cow’s milk
protein). Infants who had a positive reaction ® ¢ow’s milk skin prick test (SPT) were
administered 5 mL, 15 mL, and 30 mL of CMF oralfy\88-minute intervals. Infants who had a
negative reaction to the cow’s milk SPT ingestedriOof CMF at one time.

The 2nd OFC was performed in both groups at 6 nsooftlage, and consisted of a
cumulative dose of 100 mL of CMF (equivalent to @%0g of cow’s milk protein). Infants who had
a positive reaction to the cow’s milk SPT were adstered 5 mL, 15 mL, 30 mL, and 50 mL of
CMF orally at 30-minute intervals. Infants who readegative reaction to the cow’s milk SPT
ingested 100 mL of CMF at one time.

In accordance with the Japanese Guidelines for Rdlerhy 2017 criterid;" the OFC
results were defined as positive for cow’s milleedly (CMA) if the following objective clinical
reactions were observed: urticaria, angioedemaijtir@mdiarrhea, continuous cough, wheezing,
stridor, or a decrease in blood pressure. Partitdpaith positive 1st OFC results continued to
participate in the study, and underwent the 2nd @F&€months of age. We also confirmed by phone
the intake of dairy products in withdrawers whegytheached 6 months of age. If allergic symptoms
were observed after intake of dairy products, ffected participant was urged to visit a physician

for examination and treatment.

Immune parameters
Blood samples were drawn from participants withifpasreactions to the cow’s milk SPT. We
measured serum titers of cow’s milk-specific Iggs&in-specific IgE, and casein-specific IgG4

using the ImmunoCAP® system (Thermo Fisher Diagoe$.K., Tokyo, Japan).

Application of corticosteroid ointment for eczema
We aggressively treated any episode of eczemargtamd maintained control without exacerbation

throughout the intervention period. Specificalbpital corticosteroids were applied as proactive
S1
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treatment for infants with moderate-to-severe e@zélpical corticosteroids were applied until
eczema had cleared, and were used intermittenthaiatain remission. Monthly clinical
assessments, including growth parameters and peséatopic eczema on examination (based on

the Japanese Guidelines for Atopic Dermatitis 20Wgye performed up to 6 months of &ge.

Skin prick tests

SPTs with commercial allergen extracts of cow'skirelgg white, wheat, and soy (Torii
Pharmaceutical Co. Ltd., Tokyo, Japan) were peréorosing a standard technique. Histamine
dihydrochloride (10 mg/mL) served as a positivetoanand 50% glycerol solution was used as a
negative control. A wheal diameteB mm larger than the negative control or largenthalf of the

positive control was regarded as a positive regpéorssensitization.

Post-hoc analyses

We performed post-hoc subgroup analyses in thegpyimutcome population (excluding
withdrawers) stratified by parental history of atomode of delivery, perinatal (maternal and/or
newborns within the first 7 days of life) antibiotise, eczema in the neonatal period, eczema
between 1 and 2 months of age, eczema between 3 modths of age, CMF ingestion in the first
24 hours after birth, CMF ingestion in the firsti&ys of life, and daily CMF ingestion between 3
and 5 months of age. We also evaluated the meakiyiagestion quantities of CMF between 1 and

2 months of age in CMA and non-CMA patrticipantaatose-response analysis.

Conflicts of interest

Participants in the ingestion group were provideigiji Hohoemi RakuRaku Cube®” infant
formula, which was provided free of charge from jMdbldings Co. Ltd., Tokyo, Japan. The
investigators provided a total of 2,000 mL of CM&f @ months to each ingestion group participant.
Participants in the avoidance group were providgahlact i®”, which is a prepared soymilk
powder formula. Sample packages of Bonlact i® vpeowided free of charge from Asahi Group
Foods Ltd., Tokyo, Japan. To supplement the sapgtkages, Heartlife Hospital purchased larger

Bonlact i® 360 g cans for distribution to the awaide group participants as required. The
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companies that provided the formulas had no ro&tudy design, data collection and analysis, the

decision to publish, or manuscript preparation.

SUPPLEMENTARY RESULTS

Post-hoc analysisresults

We carried out post-hoc subgroup analyses stratifeeording to parental history of atopy, mode of
delivery, perinatal antibiotic use, presence oketa, and CMF ingestion outside of the intervention
period. In all subgroups, the superiority of thgastion group was maintained (Fig E2). Participants
who avoided CMF for the first 3 days of life angé@sted CMF daily between 3 and 5 months of age
did not develop CMA at 6 months of age. The dospaase analysis showed that all participants

who developed CMA ingested <70 mL of CMF per weetngen 1 and 2 months of age (Fig E3).

SUPPLEMENTARY DISCUSSION

Daily ingestion of CMF between 3 and 5 months of age

As shown in our post-hoc subgroup analysis, CMArditioccur in infants who ingested CMF daily
between 3 and 5 months of age in either group. Wew¢he possibility of reverse causation means
that we cannot determine if CMF introduction frorm8nths of age had a preventative effect on the
development of CMA. In other words, some particisanay have continued to ingest CMF because

they did not have CMA.
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117 Fig E1. Proportionsof daily CMF ingestion quantities
118 The figure shows the proportions of daily CMF int@s quantities throughout the study period. The
119 ingestion quantities were classified into 6 groupsiL, 1-9 mL, 10-39 mL, 40-99 mL, 100-199
120 mL, and>200 mL. CMF, cow’s milk formula.
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Fig E2. Outcomes of the post-hoc subgroup analyses

Post-hoc analyses that evaluated the incidencd/i# R=tween the ingestion group and avoidance
group stratified by (A) parental history of atof§) mode of delivery, (C) perinatal (maternal amd/o
newborns within the first 7 days of life) antibotise, (D) eczema in the neonatal period, (E)
eczema between 1 and 2 months of age, (F) eczemadre3 and 5 months of age, (G) ingestion of
CMF in the first 24 hours after birth, (H) ingestiof CMF in the first 3 days of life, and (l) daily
ingestion of CMF between 3 and 5 months of &yealues were calculated using Fisher’s exact test.
CMA, cow’s milk allergy; CMF, cow’s milk formula; B, vaginal delivery; C/S, caesarean section;

NaN, not a number.
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175 Fig E3. Mean weekly CM F ingestion quantities between 1 and 2 months of agein
176  non-CMA and CMA infants

177  This dose-response analysis evaluated the meandyw@BIE ingestion quantities from 1 to 2
178 months of age in participants with and without CMBMF, cow’s milk formula; CMA, cow’s milk

179  allergy.
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