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1 | INTRODUCTION

The standard care of patients with IgE-mediated food allergy con-
sists of strict avoidance and the use of injectable adrenaline in case
of reactions.! This approach is vulnerable to accidental exposures

Abstract

Background: Oral immunotherapy (OIT) is currently recommended as a treatment
option for peanut-allergic patients. Data regarding its long-term compliance and ef-
ficacy in real life are required.

Methods: Peanut-allergic patients aged 24 years were enrolled in a single-center
clinical OIT program. Buildup to 3000 mg peanut protein was performed. Patients
reaching this dose before or after 12/2014 were instructed to consume 3000 or
1200 mg daily, respectively. Patients were followed =6 months after reaching main-
tenance and rechallenged to 3000 mg.

Results: Of the 145 patients studied, 113 (77.9%) were fully desensitized to 3000 mg
and 133 (91.7%) were desensitized to 2300 mg. 21/145 patients (14.5%) required
adrenaline for home-dose reactions during buildup. Non-anaphylactic gastrointesti-
nal symptoms, experienced by 9 patients (6.2%), reversed with dose reduction. Of
the 111 patients available for analysis 6 months after reaching 3000 mg, 97 (87.4%)
continued regular peanut consumption. Only 2/111 patients (1.8%) required adrena-
line over the long-term (median, range; 18, 6-75 months) follow-up. Adherence to
treatment was significantly higher in patients consuming 1200 mg (73/76, 96.1%) vs
those consuming 3000 mg (24/35, 72.2%), (P = .001). A higher maintenance dosage
and home adrenaline requirement during buildup predicted adherence cessation (OR
12.5, P =.001; and OR 7.8, P = .02, respectively). 63/64 patients (98.4%) consuming
1200 mg maintenance dose were successfully rechallenged to 3000 mg.
Conclusions: This real-life experience demonstrates the efficacy of peanut OIT long-
term. A lower maintenance dose minimized treatment cessation while maintaining
desensitization. OIT should be performed in qualified centers given the prevalence of

adverse reactions, particularly during buildup.
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which may result in severe anaphylactic and even fatal reactions®”>
and impairs patients’ quality of life.*

In recent years, oral immunotherapy (OIT) has become a prom-
ising treatment alternative for patients with IgE-mediated food al-
Iergy.f"8 The success rate reported for OIT in desensitizing patients
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with food allergy is high, ranging from 60% to 90%, depending on
the food treated.®”*®1? Most allergic reactions during treatment are
mild, although some require injectable adrenaline.” % Successful de-
sensitization is associated with an immunological shift toward toler-
ance, including a reduction in SPT wheal diameter, increased levels
of slgG4, and decreased sIgE and basophil reactivity.1*1>1%20

Various studies demonstrated that, while some patients achieve
sustained unresponsiveness, after 1-3 months of treatment with-
drawal, many subsequently lose it after longer withdrawal pe-
riods.’31¢¥ These results illustrate that OIT in most patients
maintains a state of desensitization dependent on the regular con-
sumption of the allergenic food. For a clinical treatment program, a
more realistic approach to prevent allergy recurrence would there-
fore be to recommend regular consumption of the allergenic food.
However, the optimal dose required for that is unknown.®’” Most
previous studies aiming to fully desensitize peanut-allergic patients
required regular consumption of high doses (3000-4000 mg) of pea-
nut protein.}*'51718 While regular consumption of such high doses
is feasible in randomized controlled studies, maintaining it in real life,
where patient compliance and follow-up are different may prove
difficult.®’

We describe real-life experience of a large number of patients
treated at a single clinical center with a well-defined protocol and
long-term follow-up period. We compared long-term compliance
and desensitization status in patients consuming high (3000 mg) vs

low (1200 mg) maintenance dose of peanut protein.

2 | METHODS

2.1 | Patients

Patients aged 24 years with IgE-mediated peanut allergy were en-
rolled into an open-label OIT treatment program at the Institute
of Allergy, Immunology and Pediatric Pulmonology at the Assaf
Harofeh Medical Center, Zerifin, Israel, between May 2010 and April
2016. Inclusion and exclusion criteria were previously described’
and are described in detail in the methods section of the Data S1.
Informed parental or patient (>age 18) written consent was obtained
from all participants. Data on the course and outcome of OIT were
collected retrospectively. Helsinki committee approval for the docu-
mentation and publication of patient data was obtained.

2.2 | Peanut OIT protocol

The buildup part of the program was similar to that of our previ-
ously described milk-OIT program.(’J The initial days of the first dose-
escalation round served as an OFC up to 3000 mg peanut protein
(Table S1). Patients who did not react were classified as non-allergic
and excluded. If a reaction occurred, the following days served to
identify the single highest tolerated dose (SHTD), defined as the
maximal amount of peanut protein the patients could safely con-
sume. The SHTD was then consumed at least once daily at home for
24 days. Subsequently, monthly rounds of ambulatory day care visit

for dose escalations were performed in clinic, followed by periods
of 24 days of home treatment with fixed doses of peanut protein,
until the goal of 3000 mg peanut protein was achieved (additional
details in the Data S1). Patients who reached at least 300 mg pea-
nut protein (equivalent to a single peanut) but had difficulty reaching
3000 mg were instructed to consume the dose they reached daily.
Patients who could not reach 300 mg peanut protein were consid-
ered failures. No dose increases were allowed at home. A staff physi-
cian was on call 24/7 for consultation, and patients were instructed
to send a daily detailed report of their home-dose consumption via
e-mail or a web-based reporting system.?! Adverse reactions dur-
ing in-clinic treatment were categorized based on the World Allergy
Organization Subcutaneous Immunotherapy Systemic Reaction

Grading System??

2.3 | Maintenance phase

Patients were instructed to continue daily consumption of their final
dose for unlimited time. All patients were advised to continue car-
rying injectable adrenaline at all times and were informed about the
risk of peanut allergy recurrence in the case that regular peanut pro-
tein was discontinued. Electronic reporting during the maintenance
phase was mandatory only for cases of reactions. Ad lib consumption
of additional peanut-containing products was allowed for patients
who reached the full dose of 3000 mg peanut protein. Given pa-
tients’ report of difficulties in consuming such a high daily dose, we
changed our instructions for patients who achieved 3000 mg after

12/2014, to consume a daily dose of only 1200 mg peanut protein.

2.4 | Follow-up

All patients who had reached both full or partial dose maintenance
by December 2017 and continued treatment for 26 months were
contacted. Information about peanut consumption, reactions ex-
perienced, and treatments given was obtained. Patients were asked
whether their QOL perception following treatment was worsened,
unchanged, or improved. Patients were invited to clinic where
SPT and peanut OFCs were performed. All patients who reached
3000 mg and reported a regular dose consumption of at least three
times per week were challenged with a single dose of 3000 mg pea-
nut protein. Patients who reported irregular or rare (less than three
times a week) peanut consumption and patients whose final dose
was lower than 3000 mg underwent a graded OFC.

2.5 | Statistics

Statistical analyses were performed using SPSS software (version 20;
SPSS, Inc, Chicago, IL, USA). The Mann-Whitney and Kruskal-Wallis
tests were used for non-normally distributed continuous variables.
Fisher’s exact test was used to analyze differences in categorical
variables. Multivariate analyses using logistic regression were used
to determine significance of factors affecting the discontinuation of
OIT. Kaplan-Meier curves and Cox regression analysis were used to
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FIGURE 1 Oralimmunotherapy treatment protocol and long-term follow-up of maintenance dosing. A flow diagram is presented
demonstrating patient enrollment and OIT treatment outcomes after completion of the buildup phase (above dotted line) and long-term
efficacy of high- vs low-dose full maintenance and partial dose maintenance (below dotted line) as determined by a full-dose (3000 mg)
oral food challenge. *Two of the 3 patients who reacted after low-dose consumption were consuming <1200 mg protein against our

recommendation

determine factors affecting time to discontinuing OIT. All analyses
were 2-tailed, and a P-value of less than .05 was considered signifi-
cant. Bonferroni correction was applied when multiple comparisons
were made.

3 | RESULTS

3.1 | Buildup phase

Patient characteristics (demographic, pre-OIT, and during OIT) are
shown in Table S2. Most patients were <11 years (n = 128, 88.3%),
11 (7.6%) were between 11-18 years, and 6 (4.1%) were >18 years
old. The single highest tolerated dose (SHTD) during the initial dose-
escalation week was <5 mg in 18 patients (12.4%) and <15 mg in 60
patients (41.3%). Description and severity of reactions occurring in
clinic during buildup are shown in Table S3. Adrenaline was required
for hospital and home doses in 18 (12.4%) and 21 (14.5%) patients,
respectively. Non-anaphylactic gastrointestinal symptoms (Gl symp-
toms not temporally related to dose administration) occurred in 9 pa-
tients and resolved with dose reduction.?® Subsequently, 5 of these
patients reached 3000 mg, one reached 1350 mg, and 3 patients
discontinued treatment.

Of the 145 patients treated, 113 (77.9%) were fully desensitized
to 3000 mg of peanut protein, 20 (13.8%) patients were partially de-
sensitized to 300-2400 mg, and 12 patients (8.3%) failed (Figure 1).
Patients who failed treatment were significantly younger compared

to those who were partially or fully desensitized (Table 1). Reasons
for failing treatment were refusal to take the daily dose (n = 5), re-
peated reactions (n =4; 1 in association with periodic fever, aph-
thous stomatitis, pharyngitis, and adenitis), and gastrointestinal
symptoms unrelated to the dose (n = 3). Patients who reached full
desensitization had significantly less reactions and reactions requir-
ing adrenaline at home compared to the other 2 groups (Table 1).

We next evaluated the OIT course and outcome in asthmatics
shown to be at increased risk of failing oral immunotherapy treat-
ment.?* 17/56 patients with asthma (30%) were using daily controller
therapy before OIT. In an additional 30%, controller treatment was
initiated during our pre-OIT evaluation. Forty-three asthmatics were
able to perform spirometry with a mean baseline FEV1 = 101 + 16%,
FVC =103 + 20%, and FEV1/FVC = 94 + 16%, and 9 patients (16%)
had significant bronchodilator responsiveness. Although 23.2% of
asthmatics vs 5.6% of non-asthmatics had SHTD <5 mg (P =.003),
the 2 groups were comparable in pre-OIT reaction severity and in
the course and outcome of OIT.

Another group requiring special attention are patients who re-
quire adrenaline during home buildup therapy (n = 21). These pa-
tients were markedly different as compared to those not requiring
adrenaline treatments at home by their pre-OIT reaction severity.
They had a significantly higher number of: anaphylactic reactions
(66.7% vs 40.3%, P = .032), hospitalizations (23.8% vs 6.5%, P = .023),
and reactions requiring adrenaline (42.9% vs 13.7%, P =.003).
These patients also experienced a more difficult OIT course: more
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TABLE 1 Comparison of patients based on status at end of buildup

Group 1 Group 2 Group 3
Period Parameter Desensitized to 3000 mg (n = 113) Desensitized to 300-2400 mg (n = 20) Failed (n = 12)
Demographics Male gender 0 (62%) 13 (65%) 7 (58%)
Age (y) 6(4.5-8) 5.8 (4.6-7) 4.2 (3.9-5.9)°
HDM sensitivity 2 (73.2%) 12 (63.2%) 9 (75%)
Asthma 44 (39%) 9 (45%) 3(25%)
Pre-OIT Anaphylaxis 49 (43%) 10 (50%) 5(42%)
Injectable adrenaline 21 (19%) 4 (20%) 1 (8%)
Emergency room 41 (36%) 8 (40%) 4 (33%)
Hospitalization 9 (8%) 3(15%) 1 (8%)
SPT wheal size (mm) 8 (6-10) 8 (7-10) 10 (8-12)
Buildup SHTD (mg) 5(8.8-150) 7.5 (5-14.4)° 10 (4-30)
Reactions-hospital (#) 1(1-2) 2.5(1-3.8)° 5(1-2.8)
Adrenaline-hospital 3(12%) 2 (10%) 3 (25%)
Reactions-home (#) 1(0-3) 7.5 (0-21)2 6 (1-14.5)°
Adrenaline-home 0 (9%) 9 (45%)° 2 (17%)
NAN Gl symptoms® 4 (4%) 2 (10%) 3(25%)¢

SHTD, single highest tolerated dose; NAN, non-anaphylactic.

Categorical variables are presented as mean (%). Continuous variables had abnormal distribution and are presented as median (interquartile range).

Significant difference from group 1 after applying Bonferroni correction.

bSigniﬁcant difference from group 1 and group 3 applying Bonferroni correction.
‘Refers to gastrointestinal symptoms unrelated to the consumption of the daily dose.

dSignificant difference compared to patients who continued treatment.

reactions requiring adrenaline at clinic during up-dosing (28.6%
vs 9.7%, P =.026), lower SHTD (mean 27 + 64 mg vs 94 + 152 mg,
P =.001), longer treatment (13.5 + 6.7 months vs 8.4 + 6.3 months,
P =.001), and lower rate of reaching full desensitization (47.6% vs
83.1%, P < .001).

3.2 | Long-term follow-up

Of the 133 fully or partially desensitized patients, 130 (111 full and
19 partial, 97.7%) were already >6 months on maintenance at the
time of the study and were available for analysis (Figure 1). Three
patients were not available despite repeated attempts in various
ways. Forty-nine (38%) patients described occasional short (<7)
days breaks, and 15 (12%) had >7 day breaks in maintenance dose
consumption but subsequently continued treatment without re-
actions. Only 12 patients experienced objective reactions, and 2
patients (1.6%) required injectable adrenaline during this part of
the treatment. Non-anaphylactic gastrointestinal symptoms were
not reported during maintenance. Median length of follow-up for
those continuing consumption of peanut was 18 months (range,
6-75 months). Of the 130 patients followed, 17 (13%), 14 with full
and 3 with partial desensitization, discontinued treatment after a
median of 4 months (range, 1 week-21 months). Reasons for dis-
continuing treatment were food aversion in 13 patients, difficulty
in incorporating the dose with daily activities in 3, and complaints of
heartburn (normal gastroscopy) in one. Information regarding long-

term follow-up of patients who stopped maintenance after reaching

full desensitization is presented in Table S4. Of the 97 patients who
continued daily peanut consumption, 33 were already >2 years after
reaching maintenance. Patients followed up for >2 years were com-
parable to those followed <2 years in skin sensitivity, QOL percep-
tion, and reactions experienced during maintenance. These patients
had more short breaks (<7 days duration) during treatment as com-
pared to those followed up for <2 years (30% vs 8%, P = .006). This
could potentially reflect their increased confidence or alternatively,
since most of them were required to consume a high daily dose
(72.7% vs 0O, P < .001) compliance was difficult.

3.3 | Factors affecting discontinuation of treatment
after reaching full desensitization

Discontinuing peanut consumption after reaching full dose was as-
sociated with more adrenaline-treated reactions both before OIT
and during its buildup phase but not after reaching maintenance
(Table 2). Patients who discontinued treatment were more likely to
consume a high (3000 mg) maintenance dose (P < .001). Peanut SPT
wheal diameter decreased by 50% and skin sensitivity decreased sig-
nificantly (P = .03) in patients who continued treatment but did not
significantly change in those who stopped (Table 2). On multivari-
ate analysis, a low maintenance dosing (1200 mg) regimen (OR 12.5,
95% Cl 2.9-52.8, P =.001) and not requiring adrenaline at home
during the buildup phase of OIT (OR 7.8, 95% Cl 1.4-43.5, P =.02)
significantly predicted a patient’s likelihood to continue peanut con-

sumption during maintenance.



NACHSHON ET AL.

TABLE 2 Comparison of patients

WILEY--22

Stopped
based on long-term outcome Continued i
Period Parameter treatment (n = 97) (n=14) P value
Demographics Male gender 62 (64%) 8(57%) 77
Age (y) 6.1(4.5-8) 6.7 (4.5-12) 41
HDM sensitivity 71 (74%) 10 (71.4%) .53
Asthma 38 (39%) 6 (43%) .78
Other food 47 (49%) 3 (21%) .08
allergies
pre-OIT Anaphylaxis 38 (39%) 10 (71%) .04
Injectable 15 (16%) 6 (43%) .025
adrenaline
Emergency room 35 (36%) 6 (43%) 77
Hospitalization 8 (8%) 1(7%) 1.0
SPT wheal size 8 (6-10) 8 (5-13.5) .62
(mm)
Histamine wheal 3(2-5) 3(1-5) 93
size (mm)
Median SPT (C, ) 0.01 (0-0.1) 0 (0-0.06) .2
Buildup Starting dose (mg) 25 (10-125) 35 (6.9-300) .55
Reactions-hospital 2 (1-2) 2 (1-3.3) .33
(#)°
Adrenaline- 9 (9%) 4 (29%) .06
hospital
Reactions-home 1(0-3) 0.5(0.5-3) .58
(#)°
Adrenaline-home 6 (6%) 4 (29%) .022
Length (m) 8.8(4.3-12.8) 6.8(2.6-13.7) 46
Maintenance Low maintenance 73 (75%) 3(21%) <.001
dose
Reactions (#) 0(0-0) 0 (0-0) 4
Adrenaline 2(2.1%) 0 1.0
SPT wheal size 4(3-7) 8(7-12) .003
(mm)*
SPT wheal 0.54 (0.32-0.75) 1.0 (0.6-1.9) .015
change!

Calculated per ref 30

bCategorical variables are presented as mean (%). Continuous variables had abnormal distribution
and are presented as median (interquartile range).
“Available for 85 patients in those who continued and 7 in those who stopped.
dCalculated as SPT wheal size at follow-up/SPT wheal size at enrollment

Significant values are presented in bold print.

The 36 patients who continued daily consumption of 3000 mg
protein (higher dose group) and the 76 consuming 1200 mg (low-dose
group) did not differ in pre-OIT characteristics or in the course of
OIT (data not shown). 31.4% of patients in the high-dose group dis-
continued treatment compared to only 3.9% of those in the low-dose
(P =.001; Figure 2A). A Kaplan-Meier curve with log-rank test analysis
demonstrates that the time to treatment cessation in the high-dose
group was significantly shorter (Figure 3). Patients who liked or were
indifferent to peanuts continued treatment, while patients with signifi-
cant food aversion, despite having comparable reaction severity before

and during OIT, were more likely to discontinue treatment (Figure 2B).

3.4 | Efficacy of low maintenance dosing

Sixty-six patients of the fully desensitized low-dose group were
challenged to 3000 mg peanut protein and 63 (95.5%) passed. Of the
3 who failed, 2 did not follow our recommendation and consumed
less than 1200 mg. A single patient, who was consuming 1200 mg
daily, reacted and required injectable adrenaline. All patients in the
high-dose group (3000 mg) who continued regular consumption
and arrived for follow-up (n = 22) passed a challenge to 3000 mg.
Of the partially desensitized group, consuming 300-2400 mg, 3 dis-

continued treatment and 10 patients were challenged to 3000 mg.
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All 10 patients (8 consuming <1200 mg) passed the OFC. Thus, 123
patients (113 initially and 10 after long-term maintenance, shaded
boxes in Figure 1) of the 145 enrolled (84.8%) were able to reach
full desensitization. After long-term follow-up, 61.1% of patients
initially tolerating <5 mg achieved full desensitization compared to
88.2% of patients who tolerated =5 mg (P =.006, Figure 4). Of the
142 patients followed, 113 (79.6%, rectangles in Figure 2) continued

regular peanut consumption long-term.

4 | DISCUSSION
The current study provides data on “real-life” experience with OIT
in a large group of peanut-allergic patients. We found that peanut

OIT is effective in most patients, including those with a very low

threshold, prior anaphylactic reactions, or the presence of asthma.
We show that difficulty in taking the recommended daily dose is the
main obstacle leading to cessation of treatment, both during buildup
and after reaching maintenance phase of treatment. Difficulties
during maintenance were almost completely overcome by reduc-
tion in the required dose while desensitization efficacy remained
unchanged.

Peanut allergy affects a growing number of patients, posing a risk
of life-threatening reactions upon accidental exposure and impairing
quality of life.?"> Unlike milk and egg, most peanut-allergic patients will
Previous randomized controlled studies
have shown that peanut OIT is effective, with 61% to 90% achieving

retain their allergy overtime.?

full desensitization (for review see 6). However, some studies excluded
“high risk” patients, such as those unable to tolerate at least 1.5 mg of

peanut protein.12 We demonstrate the high efficacy of peanut OIT in
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FIGURE 4 Treatment outcome according to the maximal
tolerated starting dose. Treatment outcome at the end of long-
term follow-up for patients reaching full (3000 mg) or partial (300
to <3000 mg) desensitization and those who failed is shown for
groups categorized according to the highest single tolerated dose at
initial escalation week

a “real-life” setting and over a long maintenance period. Our findings
add support to the recent EAACI recommendation that OIT for peanut
should be recommended in clinical prat:tice.8 The fact that patients
aged >11 years had similar outcome as younger children is important
given that these age groups are at increased risk for near-fatal and
fatal reactions.®

Some of the main obstacles in food OIT are adverse reactions
experienced during treatment.”?4?7 Although most reactions in our
study were mild (grade 1 or 2), 21 patients (14.4%) had home reac-
tions requiring injectable adrenaline, during the buildup phase. While
this is a significant number, adrenaline use is encouraged in our OIT
program and this number might reflect overtreatment. Importantly,
most patients who required adrenaline continued treatment and
were able to achieve full or partial desensitization, although their
course was more difficult. This finding does emphasize, however, the
importance of performing OIT only in qualified centers with the ex-
pertise of providing this form of treatment. Our unique web-based
reporting system and the availability of on-call physician 24/7 pro-
vide additional support to the patients and improve safety.?!

Fourteen patients (12.6%) in our cohort discontinued treatment
after reaching full desensitization. Cessation of treatment was not
due to adverse reactions during maintenance, as reported by oth-
ers,” but primarily due to an aversion to peanuts. Following reduc-
tion in the maintenance dose to 1200 mg peanut protein the rate
of discontinuing treatment dropped markedly. Adrenaline-treated
reactions at home during buildup were also associated with treat-
ment cessation, perhaps by contributing to anxiety and increasing
food aversion.

Nearly all patients consuming 1200 mg daily retained their full
desensitization on follow-up. Moreover, patients who were partially
desensitized initially and were consuming low daily doses were also
fully desensitized on follow-up. Several previous studies used low-
dose maintenance during peanut OIT but subsequently challenged

patients to 1400 mg only or to repeated doses of 830 mg which are

not the typical end-points for peanut OFC.?”?8 Our study provides
evidence that low-dose maintenance is effective in preserving full
desensitization. While some patients consuming <1200 mg protein
also passed an OFC to 3000 mg, as described by others,?’ the rate
of failure in this group was higher. Future studies are needed to ex-
amine whether longer duration of maintenance would enable further
reduction in the daily dose.

Being a clinical “real-life” description, no control group was
used in this study. Peanut OIT has already been shown to be ef-
fective in randomized controlled trials® and for the goals of this
study, to examine how OIT can be implemented in clinical practice,
the clinical character of our treatment program was advantageous.
Furthermore, the observation that patients who stopped mainte-
nance treatment in our study did not have reductions in SPT and
greater than 90% were reactive upon accidental exposure or re-
challenge negates the notion that these patients would sponta-
neously recover.

In summary, this study presents promising short- and long-term
results for peanut OIT under “real-life” conditions in a large group of
patients. The findings that most patients, including highly reactive
ones and asthmatics, have high success rates and that adverse reac-
tions, after reaching maintenance, are relatively few is encouraging.
Still, it should be emphasized that severe reactions requiring injectable
adrenaline occur and that the treatment should be performed only in
food allergy specialized centers. As patients will likely be required to
consume peanuts regularly long after reaching full desensitization, a
low maintenance dose could offer the advantage of better compliance

without impairing treatment efficacy.

ACKNOWLEDGMENTS

We would like to thank Tehila Abargil for her support in patient re-
cruitment and follow-up. We would like to acknowledge Dr. Naama
Schwartz for generation of the Kaplan-Meier curve. Dr. Goldberg
is funded by a Kamea grant from the Ministry of Health, Israel.
Professor Katz is supported by the Leon Alcalay Chair in Pediatric

Immunology, Tel Aviv University.

CONFLICT OF INTEREST

Liat Nachshon, Michael R Goldberg, Yitzhak Katz, Michael B Levy,
and Arnon Elizur do not have any conflict of interests to disclose.

ORCID

Liat Nachshon http://orcid.org/0000-0003-4377-472X

Michael R. Goldberg http://orcid.org/0000-0003-1355-1533

REFERENCES

1. Muraro A, Werfel T, Hoffmann-Sommergruber K, et al. EAACI food
allergy and anaphylaxis guidelines: diagnosis and management of
food allergy. Allergy. 2014;69:1008-1025.


http://orcid.org/0000-0003-4377-472X
http://orcid.org/0000-0003-4377-472X
http://orcid.org/0000-0003-1355-1533
http://orcid.org/0000-0003-1355-1533

2 | wiLEy

2.

10.
11.

12.

13.
14.

15.
16.
17.

18.

NACHSHON ET AL.

Fleischer DM, Perry TT, Atkins D, et al. Allergic reactions to foods in
preschool-aged children in a prospective observational food allergy
study. Pediatrics. 2012;130:e25-e32.

Bock SA, Munoz-Furlong A, Sampson HA. Further fatalities
caused by anaphylactic reactions to food, 2001-2006. J Allergy Clin
Immunol. 2007;109:1016-1018.

King RM, Knibb RC, Hourihane JO. Impact of peanut allergy
on quality of life, stress and anxiety in the family. Allergy.
2009;64:461-468.

Sicherer SH, Sampson HA. Peanut allergy: emerging concepts
and approaches for an apparent epidemic. J Allergy Clin Immunol.
2007;120:491-503.

Yee CS, Rachid R. The heterogeneity of Oral Immunotherapy clin-
ical trials: implications and future directions. Curr Allergy Asthma
Rep. 2016;16:25.

Gernez Y, Nowak-Wegrzyn A. Immunotherapy for food allergy: are
we there yet? J Allergy Clin Immunol Pract. 2017;5:250-272.

Pajno GB, Fernandez-Rivas M, Arasi S, et al. EAACI Guidelines
on allergen immunotherapy: IgE-mediated food allergy. Allergy.
2017;73:799-815.

Levy M, Elizur A, Goldberg M, Nachshon L, Katz Y. Clinical predic-
tors for favorable outcomes in an oral immunotherapy program
for IgE-mediated cow’s milk allergy. Ann Allergy Asthma Immunol.
2014;112:58-63.e1.

Jones SM, Pons L, Roberts JL, et al. Clinical efficacy and immune
regulation with peanut oral immunotherapy. J Allergy Clin Immunol.
2009;124:292-300, 300.e1-97.

Wasserman RL, Factor JM, Baker JW, et al. Oral immunotherapy for
peanut allergy: multipractice experience with epinephrine-treated
reactions. J Allergy Clin Immunol Pract. 2014;2:91-96.

Varshney P, Jones SM, Scurlock AM, et al. A randomized con-
trolled study of peanut oral immunotherapy: clinical desensitiza-
tion and modulation of the allergic response. J Allergy Clin Immunol.
2011;127:654-660.

Burks AW, Jones SM, Wood RA, et al. Oral immunotherapy
for treatment of egg allergy in children. N Engl J Med. 2012;367:
233-243.

Vickery BP, Scurlock AM, Kulis M, et al. Sustained unresponsive-
ness to peanut in subjects who have completed peanut oral immu-
notherapy. J Allergy Clin Inmunol. 2014;133:468-475.

Syed A, Garcia MA, Lyu SC, et al. Peanut oral immunotherapy re-
sults in increased antigen-induced regulatory T-cell function and
hypomethylation of forkhead box protein 3 (FOXP3). J Allergy Clin
Immunol. 2014;133:500-510.

Jones SM, Burks AW, Keet C, et al. Long-term treatment with
egg oral immunotherapy enhances sustained unresponsiveness
that persists after cessation of therapy. J Allergy Clin Immunol.
2016;137:1117-1127.

Narisety SD, Frischmeyer-Guerrerio PA, Keet CA, et al. A random-
ized, double-blind, placebo-controlled pilot study of sublingual
versus oral immunotherapy for the treatment of peanut allergy. J
Allergy Clin Immunol. 2015;135:1275-1282.e1-6.

Tang ML, Ponsonby AL, Orsini F, et al. Administration of a probiotic
with peanut oral immunotherapy: a randomized trial. J Allergy Clin
Immunol. 2015;135:737-744.8.

19.

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

Caminiti L, Pajno GB, Crisafulli G, et al. Oral immunotherapy
for egg allergy: a double blind placebo controlled study, with
post-desensitization follow-up. J Allergy Clin Immunol Pract.
2015;3:532-539.

Elizur A, Appel MY, Goldberg MR, et al. Clinical and laboratory 2-
year outcome of oral immunotherapy in patients with cow’s milk
allergy. Allergy. 2016;71:275-278.

Nachshon L, Goldberg MR, Elizur A, Levy MB, Schwartz N, Katz Y.
Web site-based reporting system for monitoring home treatment
during oral immunotherapy for food allergy. Ann Allergy Asthma
Immunol. 2015;114:510-515.e1.

Cox L, Larenas-Linnemann D, Lockey RF, Passalacqua G. Speaking
the same language: the World Allergy Organization Subcutaneous
Immunotherapy Systemic Reaction Grading System. J Allergy Clin
Immunol. 2010;125:569-574, 574.e1-574.€7.

Goldberg MR, Elizur A, Nachshon L, et al. Oral immunotherapy-
induced gastrointestinal symptoms and peripheral blood eosinophil
responses. J Allergy Clin Immunol. 2017;139:1388-1390.e4.

Elizur A, Goldberg MR, Levy MB, Nachshon L, Katz Y. Oral immu-
notherapy in cow’s milk allergic patients: course and long-term
outcome according to asthma status. Ann Allergy Asthma Immunol.
2015;114:240-244.e1.
Wood RA. The natural
2003;111:1631-1637.
Virkud YV, Burks AW, Steele PH, et al. Novel baseline predictors of
adverse events during oral immunotherapy in children with peanut
allergy. J Allergy Clin Immunol. 2017;139:882-888.

Blumchen K, Ulbricht H, Staden U, et al. Oral peanut immunother-
apy in children with peanut anaphylaxis. J Allergy Clin Immunol.
2010;126:83-91.el.

Anagnostou K, Islam S, King Y, et al. Assessing the efficacy of
oral immunotherapy for the desensitisation of peanut allergy in
children (STOP I1l): a phase 2 randomised controlled trial. Lancet.
2014;383:1297-1304.

Vickery BP, Berglund JP, Burk CM, et al. Early oral immunotherapy
in peanut-allergic preschool children is safe and highly effective. J
Allergy Clin Immunol. 2017;139:173-181.e8.

Dreborg S. Evaluation of skin reactivity: the Concept of Histamine
Equivalent Allergen Threshold concentration (Cha). J Med Diagn
Meth. 2017;6:2

history of food allergy. Pediatrics.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Nachshon L, Goldberg MR, Katz Y,
Levy MB, Elizur A. Long-term outcome of peanut oral
immunotherapy—Real-life experience. Pediatr Allergy Immunol.
2018;29:519-526. https://doi.org/10.1111/pai.12914



https://doi.org/10.1111/pai.12914

SUPPLEMENTARY MATERIAL

Patients:

Inclusion criteriaincluded aclinical history of an immediate reaction (cutaneous,
gastrointestinal, respiratory and/or systemic symptoms occurring within 2 hours) to peanut
following accidental ingestion in the past year or a positive open label oral food challenge (OFC)
together with evidence for peanut sensitization based on a positive skin prick test (SPT) and/or
specific serum IgE (>0.35k U/L). Patients with uncontrolled asthma, a medical contra-indication
to recelve adrenaline, or inability to adhere to protocol were excluded. A comprehensive
medical history was obtained from each patient/parent including the occurrence of previous
reactions, treatments provided including the use of injectable adrenaline, emergency department
visits and hospital admissions. Patients/parents were asked about other atopic diseases including
additional food allergies. SPT to peanuts (1:10 w/v; ALK-Abello, Port Washington, New Y ork)
were performed on the volar surface of the forearm of all patients with single peak lancets (Heinz
Herenz, Hamburg, Germany) and mean wheal diameter was measured after 20 minutes.
Histamine 1 mg/mL (ALK-Abello) and saline were used as positive and negative controls. A
positive SPT was defined as awheal diameter = 3 mm over the negative control. C, was
calculated before and after OIT (30). Informed parental (for patients < age 18 years) or patient
(for patients = age 18 years) consent was obtained from all participants. Institutional Review

Board Committee approval was obtained for the publication of patient data.

Peanut dose preparation: Peanut doses up to 300 mg were prepared from peanut flour (12%
fat, Byrd Mill, Ashland Va.) which received no special standardization other than being placed
into solution. Briefly, 80 gram of Light Roast peanut flour was placed in atotal of 400 ml of

mineral water pH 7.9 and blended at high speed for 15 minutes. Blending was repeated three



times with fifteen minute intervals between each cycle to alow the mixture to cool. The peanut
suspension did not reach > 45° C during blending cycles. The peanut suspension (100 mg/ml)
was then used or frozen in aliquots at -20° C for future use. Peanut doses of =300 mg were given
asregular peanuts.

Peanut OIT Protocol: Theinitia days of the first dose-escalation round served as an OFC up to
3000 mg peanut protein (Table 1s). Patients who did not react were classified as non-allergic and
excluded. If areaction occurred, the following days served to identify the single highest tolerated
dose (SHTD), defined as the maximal amount of peanut protein the patients could safely
consume (previously defined maximal individualized tolerated dose (MITD) (9)). Following the
initial dose-escalation week, patients were instructed to consume the SHTD daily at home for 24
days under parental supervision for 1.5 hours. Patients were instructed to avoid physical activity
30 minutes before and 2 hours after the dose, and not to take the dose on an empty stomach.
Anticipatory home treatment guidance to patients and parents was given. Each patient received
antihistamines, bronchodilators and two up-to-date Epi-Pens® with instructions to administer at
any severe reaction (severe abdominal pain, dyspnea, or apathy). A staff physician was on call
24/7 for consultation and patients were instructed to send a daily report of their home dose
consumption, including any experienced reactions and any treatments provided, viae-mail or a
web-based reporting system (21). A 30% reduction in the daily dose and antihistamine for 5 days
was recommended if mild reactions occurred and/or during viral infections. Dose reduction by
30% for the duration until the next up-dosing in clinic, was performed in cases of repeated or
severe reactions requiring adrenaline. The first home treatment period was followed by a second
4-day up-dosing cycle with agoal of 4-fold dose increase. This was followed again by 24 days of

fixed dose consumption at home. The 3rd cycle consisted of 3 days with agoal of 3-fold dose



increase. The 4th and 5th cycles consisted of 2 days each with a 2-fold dose increase. Following
that, patients arrived for 1 day cycles with agoal of 50% dose-increase until the goal of 3000 mg

peanut protein was achieved



Table 1s: First week peanut oral immunotherapy protocol

Dose Amount Interval
(mg peanut protein) (min)

Day 1 1 0.1 0
2 0.2 10

3 0.5 10

4 1.25 20

5 5 20

6 10 30

7 15 30

8 25 30

9 50 45

10 50° 90

- Observation 90

Day 2 1 50 0
2 100 20

3 150 30

4 200 30

5 250 30

6 300 30

7 300 90

8 900 90

9 3000 90

-- Observation 90

Day 3 1 A dose below the MITD 0
2 MITD 90

MITD 90

-- Observation 90

Day 4 1 MITD 0
MITD 90

- Observation 90

% If no reaction occurred on day 1 the protocol continued to day 2. Once a reaction occurred,
the following days were used to determine the maximal dose that could be safely consumed by
the patient.



Table 2s: Characteristics of the study population

Parameter Frequency*
Demographics Male gender 89 (62%)
Age (y) 5.8(4.5-7.8)
Asthma 56 (39%)
Other food allergies | Tree-nuts 44
Sesame 21
Milk 9
Egg 8
Pre-OIT Anaphylaxis 64 (44%)
Injectable adrenaline 26 (18%)
Emergency room 53 (37%)
Hospitalization 13 (9%)
SPT wheal size (mm) 8(6.3-10)
OIT treatment Starting dose (mg) 20 (7.5-100)
Treatment duration (m) 8.7(3.8-12.8)

median (interquartile range)

"Categorical
variables are
presented as mean
(%). Continuous
variables had
abnormal
distribution and
are presented as



Table 3s: Induction and home adverse reactions’ during OIT build-up phase

Phase

Adverse reactions

Number (percentage)

Induction doses

Perioral 6 (4%)
Skin 60 (41%)
Upper respiratory 59 (41%)
Eye 13 (9%)
Lower respiratory 21 (15%)

Gastro-intestinal

105 (72%)

>2 systems 64 (44%)
Grade 1 75 (52%)
Grade 2 105 (72%)
Adrenaline 18 (12%)
Home doses No reaction” 58 (40%)
A single reaction 25 (17%)
2-4 reactions 29 (20%)
>5 reactions 33 (23%)
Adrenaline 21 (15%)
Non-anaphylactic symptoms 9 (6%)




“Induction adverse reactions are based on the World Allergy Organization Subcutaneous
Immunotherapy Systemic Reaction Grading System (29)
" Reflects no anaphylactic or non-anaphylactic reactions



Table 4s. Follow-up of Patients who stopped OIT after reaching full desensitization

Patient Length Reason Subsequent OFC Resumed
(months) reactions oI’
1 18 GERD™ No Positive No
2 6 Refusal to continue No Positive No
3 1 Refusal to continue No Positive No
4 0.25 Refusal to continue No Positive Yes
5 0.25 Refusal to continue No Refused No
6 0.25 Refusal to continue No Refused No
7 21 Refusal to continue No Negative No
8 18 Refusal to continue No Positive No
9 12 Technical’ Yes Not done No
10 12 Refusal to continue Yes Not done Yes
11 12 Technical Yes Not done No
12 0.25 Refusal to continue Yes Not done No
13 1 Refusal to continue Yes Not done No
14 1 Refusal to continue Yes Not done Yes

"The 3 patients who resumed OIT were desensitized to 3000 mg

™ GERD- Gastro-Esophageal Reflux Disease - A 32-year-old women, stopped OIT due to complaints of

"heartburn". Upon evaluation, her gastroscopy was normal.

TRefers to 2 teenage patients who discontinued their daily dose because of a long travel away from

home on their own
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