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Oral peanut immunotherapy in children with peanut

anaphylaxis

Katharina Blumchen, MD,? Helen Ulbricht,? Ute Staden, MD,? Kerstin Dobberstein,? John Beschorner,?
Lucila Camargo Lopes de Oliveira, MD,? Wayne G. Shreffler, MD, PhD,” Hugh A. Sampson, MD,” Bodo Niggemann, MD,?

Ulrich Wahn, MD,? and Kirsten Beyer, MD?

Background: The only treatment option for peanut allergy is
strict avoidance.

Objective: To investigate efficacy and safety of oral
immunotherapy (OIT) in peanut allergy.

Methods: Twenty-three children (age, 3.2-14.3 years) with
IgE-mediated peanut allergy confirmed by positive double-
blind, placebo-controlled food challenge (DBPCFC) received
OIT following a rush protocol with roasted peanut for 7 days. If
a protective dose of at least 0.5 g peanut was not achieved,
patients continued with a long-term buildup protocol using
biweekly dose increases up to at least 0.5 g peanut.

A maintenance phase for 8 weeks was followed by 2 weeks of
peanut avoidance and a final DBPCFC. Immunologic
parameters were determined.

Results: After OIT using the rush protocol, patients tolerated a
median dose of only 0.15 g peanut. Twenty-two of 23 patients
continued with the long-term protocol. After a median of 7
months, 14 patients reached the protective dose. At the final
DBPCFC, patients tolerated a median of 1 g (range, 0.25-4 g) in
comparison with 0.19 g peanut at the DBPCFC before OIT
(range, 0.02-1 g). In 2.6% of 6137 total daily doses, mild to
moderate side effects were observed; in 1.3%, symptoms of
pulmonary obstruction were detected. OIT was discontinued in
4 of 22 patients because of adverse events. There was a
significant increase in peanut-specific serum IgG4 and a
decrease in peanut-specific IL-5, IL-4, and IL-2 production by
PBMC:s after OIT.

Conclusion: Long-term OIT appears to be safe and of some
benefit in many patients with peanut allergy. With an increase in
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threshold levels and a reduction of peanut-specific Ty2 cytokine
production, the induction of tolerance may be feasible in some
patients. (J Allergy Clin Immunol 2010;m=N: ENN-ENN,)

Key words: Allergy, anaphylaxis, children, food, oral immunother-
apy, peanut, specific oral tolerance induction, tolerance

Peanut allergy is a common disease with a prevalence of 1% to
2% in the pediatric population.l’3 In peanut allergic individuals,
ingestion of small quantities of the allergen may lead to severe
and potentially life-threatening allergic reactions.* Although pa-
tients try strictly to avoid peanuts in everyday life, accidental in-
gestions are common because of the widespread use of peanut by
the food industry and problems with accurate labeling.”® Acci-
dental exposure to peanuts is reported to be one of the most com-
mon causes of fatal and near-fatal anaphylactic reactions,
especially in the pediatric population.”

Some food allergies in early childhood, like cow’s milk and
hen’s egg allergy, usually resolve over time.” In contrast, peanut
allergy tends to persist over a lifetime, and only about 20% of
young children outgrow their disease.'® It has been reported
that the severity of future allergic reactions to peanuts cannot be
predicted from former allergic reactions in the patient’s history."'
Thus, most patients with peanut allergy face the fear of anaphy-
laxis throughout their life. This constant uncertainty has a major
psychological burden on the quality of life of the children and
their families.'?

Currently, the only treatment available is strict avoidance of
peanuts. In case of accidental exposure, patients need to use
rescue medications such as self-injectable epinephrine.6 Ten
years ago, the therapeutic option of subcutaneous immunotherapy
with peanut extract was considered for patients with peanut al-
lergy.l'%’14 Although patients tolerated a higher amount of peanut
and showed fewer symptoms after a peanut challenge, these
studies were stopped because of frequent and severe adverse reac-
tions. Novel therapeutic approaches for peanut allergy such as
treatment with anti-IgE antibodies,'> immunotherapy with
mutated recombinant protein,]6 or Chinese herbal medicine!”
are under investigation but are not feasible yet, or the proof of
efficacy in human beings is still lacking.

Therefore, the aim of our study was to investigate the efficacy
and safety of oral immunotherapy (OIT) in patients with peanut
allergy. We hypothesized that patients with severe peanut allergy
who were at risk of anaphylaxis would be able to tolerate a
sufficient amount of peanut to protect them against accidental
ingestions and to increase their threshold levels after OIT.
Furthermore, clinical outcomes would be paralleled by changes
in immunologic parameters.
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Abbreviations used

DBPCFC: Double-blind, placebo-controlled food challenge
OIT: Oral immunotherapy
SPT: Skin prick test

METHODS
Study population

Seventy-four peanut-sensitized children were screened either consecu-
tively from the outpatient clinic or from a list of peanut-sensitized children
followed in the Department of Pediatric Pneumology and Immunology,
Charité, Berlin. Patients with unstable asthma or undergoing any kind of other
immunotherapy were excluded from the study. Twenty-seven children/parents
agreed to participate; inclusion criteria included being more than 3 years of
age and being peanut-sensitized (peanut IgE >0.35 kU/L). Two refused the
baseline double-blind, placebo-controlled food challenge (DBPCFC), and
2 patients were tolerant on baseline DBPCFC. Twenty-three children with
IgE-mediated peanut allergy confirmed by DBPCFC were finally enrolled in
the study. All patients included were on a peanut-free diet before and during
the entire study. The local ethics committee approved the study, and informed
consent was obtained from the subjects and their families.

Study design

During the baseline visit, patients’ histories were obtained (Fig 1).
A physical examination and skin prick tests (SPTs) were performed, and blood
samples were collected. During a screening period of 8 weeks, patients/
parents had to fill out a diary documenting asthma symptoms and allergic
reactions to peanuts. After this period, children were admitted to the hospital
for a baseline DBPCFC.

DBPCFCs

Patients received placebo or whole crushed roasted peanuts in boiled apple
as a matrix on 2 different days in a randomized order. A maximum of 7
increasing titration steps (0.03 g,0.06 g,0.13 2,0.252,0.5 g, 1 g,2 g) of whole
crushed roasted peanut, corresponding to 0.0075 to 0.5 g peanut protein,'®
were given at intervals of 30 minutes. If no objective reaction occurred, a sin-
gle open dose of 4 g whole peanut (1 g peanut protein) was given on a third day.
The procedure was stopped if objective clinical symptoms were observed (eg,
urticaria, angioedema, wheezing, dyspnea, allergic rhinitis or conjunctivitis,
repeated vomiting, diarrhea, tachycardia and/or drop in blood pressure) or
the highest dose was reached.

Oral immunotherapy using a rush protocol

After a positive DBPCFC, OIT using an initial rush protocol was started the
next day (Fig 1) on the hospital ward. Increasing doses of crushed roasted pea-
nuts were given 2 to 4 times a day for a maximum of seven days. OIT was
started with approximately 1/100 of the eliciting reaction dose during
DBPCFC (Table I). In patients who started OIT with >6 mg whole peanuts,
doses were doubled each time until the maximum dose was reached. In highly
reactive children who started OIT with <6 mg peanuts, incremental steps were
initially doubled, but starting at a dose of 80 mg, doses were increased by only
20% of the previous dose because of feared side effects. The aim was to reach
at least 500 mg whole crushed peanuts (= 1 small peanut kernel = 125 mg
peanut protein'®) in all patients. In patients who tolerated more than 500 mg
whole peanut during DBPCFC, the aim during the rush phase was to achieve
at least double the amount of their tolerated dose during DBPCFC. The rush
protocol was stopped if the maximum dose was reached, or after 1 week.

Oral immunotherapy using a long-term buildup
protocol

The general aim was to reach at least 500 mg whole peanut in all of the
study subjects. Patients who tolerated 500 mg peanut or more after the rush
phase went directly to the maintenance phase (Fig 1).
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In case a dose of 500 mg peanut was not achieved during the rush protocol,
patients were discharged and continued on their individual tolerated dose of
peanut eaten on a daily basis. All individual peanut doses were weighed and
supplied to the patient by the investigators. Further dose increases were
performed in our outpatient department every 2 to 4 weeks following a long-
term buildup protocol until the goal of at least 500 mg peanut was reached
(Table I). In children with few side effects, doses were increase up to 2 g pea-
nut. In general, a 20% dose increase was given at each outpatient visit. If side
effects occurred, increases in the dose escalation schedule were decreased to
only 10%. In between dose escalation visits, the patients ingested their toler-
ated dose on a daily basis. When patients developed an infection, such as a vi-
ral respiratory tract infection, only 50% of the tolerated peanut dose was given
for 4 to 5 days to prevent adverse reactions. Thereafter, children received 75%
of the previously tolerated dose for another 4 to 5 days followed by a return to
100% of the maintenance dose. A similar approach was used during exposures
to additional allergen contact, such as cat contact in a friend’s house in indi-
viduals with cat allergy, or during pollen season in individuals with pollen al-
lergy. Throughout the study, a 24-hour-per-day telephone hotline was
available for immediate advice, especially for dosing instructions.

After a dose of at least 500 mg whole peanut was achieved and maintained
without any side effects for 8 weeks, maintenance was considered to be stable
and patients stopped OIT, thus completely avoiding exposure to peanuts for 2
weeks, followed by a final DBPCFC to determine whether higher threshold
doses eliciting symptoms were attained (Fig 1). Before the start of the study and
throughout the study, patients strictly avoided peanuts except for OIT dosing.

Skin prick testing

An SPT for peanut was performed as a prick-to-prick test with the natural,
intact, roasted whole peanut before the therapeutic intervention (pre-OIT),
after the maintenance period of OIT (post-OIT, before avoidance) and after
OIT was stopped for 2 weeks, before the final DBPCFC (post-OIT, before
final DBPCFC; Fig 1). Saline solution was used as a negative control, and
10 mg/mL histamine dihydrochloride (ALK-Albello, Wedel, Germany) was
used as the positive control. SPTs were read after 15 minutes and the wheal
size recorded.

Measurement of serum allergen-specific IgE and
IgG4

Blood samples were drawn from all patients at the time of skin testing (Fig
1) and analyzed for specific IgE to peanut, cow’s milk, birch, timothy, mug-
wort, and house dust mite as well as specific IgG, to peanut by using the Pha-
dia CAP-System FEIA (Phadia Diagnostics, Uppsala, Sweden) following the
manufacturer’s instructions. The lower detection limit of the Phadia CAP-
System was 0.35 kUA/L for specific IgE and 0 mg/L for peanut-specific
IgGy. In cases in which peanut-specific IgE exceeded 100 kUA/L, further
dilutions of sera were performed to obtain exact values.

In vitro stimulation of PBMCs

PBMCs of all patients were isolated at the time of skin testing (Fig 1) by
density gradient separation (Lymphoprep; Fresenius Kabi AG, Bad Homburg,
Germany) of heparinized venous blood. PBMCs (2 X 10° cells/S00 wL) were
cultured in vitro for 48 hours at 37°C in 5% CO, with (1) crude peanut extract
(50 pg/mL, LPS-free!®), (2) a casein mixture (a-s, B, and k casein, 50 pg/mL;
Sigma-Aldrich, St Louis, Mo) as an allergen-specific negative control, and (3)
medium alone (RPMI 1640 containing 10% autologous serum) as negative
control in single measurements. After centrifugation, supernatants were
collected and stored at —80°C for further analysis.

Measurement of cytokine production in cell culture
supernatants

Supernatants were analyzed for the presence of IL-2, IL-4, IL-5, IL-10,
IFN-v, and TNF-a by a multiplex bead assay (BD cytometric bead array,
human Ty 1/TyH2 cytokine kit; BD Biosciences, San Diego, Calif) according to
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FIG 1. Study protocol. Black arrow, Visit (patient history/physical examination/blood drawing/SPT).

the manufacturer’s instructions. Cytokine secretion was correlated to a stan-
dard of lyophilized human Ty1/TH2 cytokines (10-5000 pg/mL) supplied by
the manufacturer. The BD FACSCalibur was used to acquire the data, which
was analyzed by BD CellQuest and BD CBA Software. Results are expressed
as the amount of cytokine production detected after in vitro stimulation with
the allergen minus the amount of cytokine detected after in vitro stimulation
with the negative control.

Differential blood count
Differential blood cell counts were performed from EDTA-blood on an au-
tomated coulter counter (Sysmex XE-2100; Sysmex Corp, Kobe, Japan).

Statistical analysis

All statistical analyses were performed with SPSS (version 16.0 for
Windows; SPSS Inc, Chicago, I11). Continuous data are presented as medians
with ranges. To compare results before and after intervention, paired data of
continuous variables, such as threshold doses during DBPCFCs, IgE and IgG4
levels, SPT results, and levels of cytokines, were used. Assuming a non-
Gaussian distribution of the data, the Wilcoxon matched-pairs test was used
to compare the values at baseline with those after intervention. For strength
of correlation between the maximum tolerated dose following OIT using the
rush protocol and peanut-specific IgE levels, the Spearman correlation coeffi-
cient was computed. To compare the safety of OIT under the rush protocol
and the long-term buildup protocol, proportions of total single allergic reac-
tions/total servings during the rush protocol or the long-term protocol for
each patient were recorded as well as the number of organ-specific allergic re-
actions/total servings for each patient. Results of OIT under the rush protocol
versus the long-term protocol were compared by Wilcoxon matched-pairs test.
A 2-tailed P value of less than .05 was considered statistically significant.

RESULTS
Clinical responses during OIT using a rush protocol

Of the 23 children with peanut allergy between 3 and 14 years
of age (median age, 5.6 years) enrolled in the study, 70% were
male; 65% had asthma or increased airway reactivity. Over 80%
of patients had a history of allergic reactions to peanut after
accidental ingestion. The median peanut-specific IgE was 95.6
kUA/L (range, 3-2071 kUA/L), and 74% of patients were also
sensitized to other food and/or aeroallergens.

Of the 23 patients enrolled, 22 patients finished the rush
protocol. One patient dropped out during the rush protocol
because of anxiety after an allergic reaction experienced during
the initial DBPCFC (Fig 2). Patients received a median of

14 peanut servings (range, 9-21 servings) during the rush protocol
within 1 week (range, 4-7 days). In most patients, the amount of
peanut tolerated did not change during rush OIT compared with
the initial food challenge (Table I). The median maximum toler-
ated dose at baseline DBPCFC (median, 0.13 g peanut; range,
0.015-1 g peanut) was not different from the median dose toler-
ated after rush OIT (median, 0.15 g peanut; range, 0.024-3 g
peanut; Table I). In 17 of 22 patients, the goal to tolerate at least
500 mg whole peanut after OIT with the rush protocol was not
achieved (Table I). These patients were discharged and continued
on their individual tolerated dose of peanut after rush OIT. Post-
rush OIT doses were taken on a daily basis and ranged from 24 mg
to 400 mg peanut (Table I). Five patients reached the goal of at
least 500 mg peanut at the end of the rush protocol (median, 1 g
peanut; range, 0.9-3 g peanut; Table I). There was a significant
difference in peanut-specific IgE levels between the group of pa-
tients who reached the goal of 500 mg or more of peanut (median
peanut IgE, 9.1 kUA/L; range, 2.97-27 kUA/L) and those who
tolerated a lesser amount after rush OIT (median peanut IgE,
212 kUA/L; range, 14.3-2071 kUA/L; P <.01). There was a signif-
icant inverse correlation between the level of specific IgE and the
amount of peanut tolerated after the OIT using the rush protocol,
as shown in Fig 3.

Clinical responses during OIT using the long-term
buildup protocol

Of the 22 patients who underwent OIT either directly with the
maintenance phase or using the long-term buildup protocol after
finishing the rush protocol, 14 patients reached their maintenance
dose of at least 500 mg peanut daily (Table I). One patient was a
partial responder who could only consistently tolerate a smaller
dose of peanut (200 mg peanut) during maintenance because of
repeated subjective dyspnea, subjective lip swelling, and anxiety.
Therefore, he did not qualify for the final DBPCFC. In 7 patients,
OIT was discontinued during the long-term buildup phase. One
patient was admitted to the hospital because of a severe infection,
and the daily peanut intake had to be discontinued. The youngest
patient (age, 3.1 years) stopped OIT because of dislike of the taste
and spitting out OIT doses after a while on OIT. One patient did
not show up in the outpatient clinic for up-dosings. Four patients
were discontinued by the study physician because of adverse
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TABLE I. Comparison of the tolerated dose of peanut before OIT (at baseline DBPCFC), after the initial 7-day rush protocol, after the
long-term buildup protocol, and after OIT (at final DBPCFC, after 2 weeks of peanut avoidance)

Maximum tolerated

Daily tolerated dose = Maximum tolerated Time of peanut

Patient dose before OIT, at Starting dose of Tolerated dose after after long-term dose after OIT, at exposure during
no. baseline DBPCFC (g)  OIT at rush phase (g) the rush phase (g) buildup phase (g)* final DBPCFC (g)t long-term buildup (d)
4 0.13 0.0032 0.16 1.0 0.5 81

10 0.13 0.0032 0.08 0.5 0.25 334

7 0.5 0.012 0.16 0.5 1.0 158
12 0.25 0.006 0.9 1.0 1.0 47

14 0.06 0.0016 0.03 0.5 1.0 314
16 0.13 0.0032 0.14 0.5 1.0 251

21 1.0 0.024 3.0 2.0 2.0 88
23 0.25 0.006 0.4 1.0 4.0 230
25 0.015 0.0004 0.14 0.5 1.0 154
28 0.5 0.012 1.2 1.0 4.0 134
30 1.0 0.024 1.0 1.0 4.0 0
24 0.13 0.0032 0.05 0.5 1.0 389
22 0.25 0.006 0.4 0.5 0.5 476
18 0.06 0.0016 0.04 0.5 0.25 560
26 0.06 0.0016 0.14 0.2 No provocation 458

8 0.13 0.0032 0.16 Dropout Dropout Dropout
9 0.13 0.0032 0.024 Dropout} Dropout? Dropout?
13 0.13 0.0032 0.12 Dropout Dropout Dropout
15 0.03 0.0008 0.04 Dropout} Dropout Dropout}
19 0.5 0.012 1.0 Dropout Dropout Dropout
20 0.13 0.0032 0.18 Dropout} Dropout} Dropout}
29 0.25 0.006 0.12 Dropout} Dropout} Dropout}

*Daily tolerated dose of peanut at maintenance after OIT using the long-term buildup protocol.
TMaximum tolerated dose of peanut at final DBPCFC (after OIT with the long-term buildup protocol and 2 weeks of peanut avoidance).

{Dropout because of pulmonary adverse events.

number of patients

+ started OIT with
rush protocol:
n=23

who consented to participate
+ baseline DBPCFC positive

dropout during OIT

with rush protocol:
n=1 because of anxiety

patients who went on

n=22

with long-term build-up protocol:

dropout during OIT

/\_.

with long-term build-up protocol:
n=4 because of side effects
n=2 because of compliance

patients who finished
study protocol:
(reached maintenance dose
of 0.5-2 g peanut
+ underwent final DBPCFC):

partial responder:

(tolerating 0.2 g peanut
during maintenance,

did not qualify for final
DBPCFC):

n=14 n=1

n=1 because of severe infection

FIG 2. Flow diagram of children with peanut allergy recruited into the study.

allergic reactions and were considered to be treatment failures
(see section “Clinical and laboratory safety data”).

If all patients are considered in the analysis of the whole study,
including all treatment failures because of side effects or being a
partial responder and also including all dropouts (because of
compliance, anxiety, or infection) who did not finish the protocol,
14 of 23 patients included into the study (61%) reached the goal of
a final protective dose of OIT.

All 14 patients who reached their stable maintenance dose of at
least 500 mg whole peanut daily completed the study protocol
with a final DBPCFC (Fig 2). These 14 patients required a median
of 7 months (range, 0-560 days) to reach their individual stable
maintenance dose (0.5-2 g peanut) after the rush phase. The toler-
ated amount of peanut during maintenance was significantly
greater than during the initial DBPCFC in most of the patients
(P = .002; Table I). The median tolerated dose during baseline
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FIG 3. Correlation of peanut-specific IgE and the tolerated peanut dose after
OIT following the rush protocol. Shown is the inverse correlation between
level of peanut specific IgE (kU /L) at enrollment vs tolerated dose of peanut
after 7 days of OIT after the rush protocol (P = .003; Spearman r = -0.6).

maximum tolerated dose of peanut (g)

pre OIT
at baseline DBPCFC

post OIT
at final DBPCFC

FIG 4. Clinical responses after OIT following the long-term buildup proto-
col. Shown are the tolerated peanut doses at baseline DBPCFC and at final
DBPCFC post-OIT following the long-term buildup protocol of 14 patients
who completed the whole study. The horizontal line represents the median
of tolerated peanut dose. **P < .01.

DBPCEFC (0.19 g peanut) could be increased to a median of 0.5 g
peanut as a daily maintenance dose. After a median of 8 weeks
(range, 7-13 weeks) on the daily stable maintenance dose, these
14 patients discontinued OIT for 2 weeks (range, 14-22 days) fol-
lowed by a final DBPCFC. Even after 2 weeks off OIT, all patients
showed a significant increase in threshold when baseline and final
DBPCFCs were compared (Table I; Fig 4). A median 4-fold in-
crease in the tolerated amount of peanut was seen when baseline
and final DBPCFC were compared. The tolerated dose of peanut
increased to a median of 1 g peanut at final DBPCFC (P = .001;
Fig 4). Three patients (23, 28, and 30) did not react at all during
DBPCEFC, tolerating the highest peanut dose of 4 g (Table I).

Interestingly, despite discontinuing OIT for 2 weeks and not
ingesting peanuts, 8 of these 14 patients had a higher threshold at
the final DBPCFC than their maintenance peanut dose (median
change, +0.5 g peanut; Table I). Only 3 patients tolerated less
peanut during the final DBPCFC than their maintenance dose, in-
dicating a breakthrough in the maintained desensitization after
2 weeks without therapy. No marked clinical or laboratory char-
acteristic could be identified to distinguish these patients further.
Three patients tolerated the same amount of peanut during
maintenance and final DBPCFC (Table I).
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TABLE Il. Comparison of adverse allergic reactions and their
treatment during the rush phase of peanut OIT and the long-term
buildup with maintenance phase

OIT: long-term

OIT: rush buildup with
Adverse reactions and treatment phase maintenance***
Total single doses of OIT, n 317 6137%%:*
Total objective symptoms,* n (%™ 25 (7.9) 160 (2.6)***
Cardiovascular symptoms,* n (%% 0 (0) 0 (0)
Respiratory symptoms,* n (%™ 9 (2.8) 79 (1.3)
Gastrointestinal symptoms,* n (%) 11 (3.5) 53 (0.9)
Skin symptoms,* n (%") 10 (3.2) 26 (0.4)
Upper respiratory symptoms,* n (%) 5 (1.6) 15 (0.2)
Use of epinephrine, n (%**) 0 (0) 0 (0)
Use of salbutamol and cetirizine 5 (1.6) 17 (0.3)

and/or prednisolone, n (%**)

Use of salbutamol alone, n (%**) 3(0.9) 53 (0.9)
Use of cetirizine and/or prednisolone 2 (0.6) 5 (0.08)

alone, n (%**)

*Objective symptoms included cardiovascular symptoms (loss of consciousness,
somnolence, hypotension), pulmonary obstruction (wheezing, dyspnea, dry cough
with improvement after inhalation of (3,-agonist), gastrointestinal symptoms (emesis,
diarrhea), skin symptoms (urticaria, angioedema, flush), and upper respiratory
symptoms (rhinitis, nasal congestion, conjunctivitis, hoarseness).

**%, % of treatment needed/total single doses of OIT.

***Total single doses and adverse events during long-term buildup and maintenance
phase including 8 objective adverse events during 136 doses (5.8%) given at the
outpatient clinic with increasing doses and 25 objective adverse events during 851
doses given with maintenance at home (2.9%).

#%, % of total objective symptoms/total single doses of OIT or total events of
pulmonary obstruction/total single doses of OIT.

Clinical and laboratory safety data

In 4 patients, OIT was discontinued by the study physician
because of adverse allergic reactions. All 4 of these patients had
stable mild to moderate asthma before the start of the study.
During the long-term buildup protocol, their asthma worsened so
that asthma controller therapy had to be increased. Two of these
patients consistently showed a general worsening of their asthma
when peanut doses were increased over a certain threshold. Three
of these patients also had recurrent diarrhea and flatulence.
Because of the small number of patients discontinuing OIT, no
risk factors could be identified.

Clinical safety data on allergic symptoms during OIT in all
patients including those who terminated OIT are presented in
Table II. Only objective symptoms, not subjective symptoms such
as abdominal pain, nausea, worsening of eczema, or oral pruritus,
are shown. During OIT using the rush protocol, adverse reactions
were frequent: of 317 total doses of OIT using the rush protocol
(n = 22 subjects), 25 doses were associated with objective aller-
gic symptoms. Gastrointestinal symptoms such as emesis and di-
arrhea followed by skin symptoms such as urticaria, angioedema,
and flush were the most common. Patients experienced symptoms
of pulmonary obstruction such as wheezing, dyspnea, and dry
cough in nine cases of 317 total doses given during the rush phase.
Eight had to be treated with an inhaled, short-acting {3,-agonist.
The 5 patients who tolerated 500 mg peanut or more after the
rush protocol were able to increase their dose during the rush pe-
riod with almost no or only mild subjective adverse reactions such
as abdominal pain. However, all except 1 of these patients had to
decrease their dose again because of either strong dislike of the
taste of peanut (n = 2) or mild respiratory reactions after the in-
gestion of the OIT dose on the third day of home dosing (n = 2).
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Reported adverse allergic symptoms were no less common in
patients using the long-term buildup protocol compared with the
rush protocol (Table II). In total, 6137 doses of OIT during the
long-term buildup protocol (including home doses during
buildup, outpatient doses when doses were increased, and home
doses applied during maintenance) were administered with
1.3% resulting in pulmonary symptoms, which constituted the
most common adverse reactions. All of these pulmonary episodes
were treated with a short-acting 3,-agonist, which led to a rapid
improvement of symptoms. It is also noteworthy that the majority
of these reactions occurred in the 4 patients who did not complete
the study because of adverse reactions. Cardiovascular symptoms
did not occur. No patient received self-injectable epinephrine.
However, 1 patient with moderate pulmonary obstruction and
hives who self-administered inhaled salbutamol, oral cetirizine,
and prednisolone was admitted to the hospital for monitoring.
Most of the adverse allergic reactions occurred during home dos-
ing. On 8 occasions, mild adverse reactions with no pulmonary
symptoms were observed during the incremental dosing of OIT
while the patient was monitored in the outpatient clinic.
Twenty-five objective adverse events occurred during 851 doses
given during maintenance therapy (2.9%), and of these, 22 were
reported in 1 patient during a vacation and were not initially re-
ported to the research team. Excluding this patient, one can con-
clude that once patients reached the maintenance phase, adverse
events were rare (2/790; 0.3%).

Oral immunotherapy did not lead to increased eosinophilia
(median eosinophil count before OIT, 6.9%; range, 2.2% to 21%;
vs post-OIT, 6.0%; range, 2.0% to 11.2%). OIT also did not alter
sensitization to other allergens such as cow’s milk, birch, timothy,
mugwort, or house dust mite (data not shown).

Immunologic changes during peanut OIT

In the 14 patients who completed the study protocol, cytokine
production of peanut-stimulated PBMCs in vitro was compared at
baseline (pre-OIT) and at the end of OIT treatment (post-OIT, be-
fore avoidance) at a median of 9 months (range, 2-22 months; Figs
1 and 5). There was a highly significant reduction in the secretion
of IL-5, IL-4, and IL-2 from all patients’ PBMCs post-OIT (Fig 5,
A-C). The detection of other cytokines measured (IFN-vy, TNF-a,
and IL-10) was just above the detection limit after in vitro stimu-
lation with peanut extract. A change in production of these cyto-
kines during OIT could not be demonstrated (data not shown).
Cytokine secretion was allergen-specific because in vitro stimula-
tion of PBMCs with a different allergen (cow milk caseins)
showed almost no detectable production of IL-4 or IL-5 but
detectable and stable IL-10, IFN-vy, and TNF-a production (see
this article’s Table El in the Online Repository at www.
jacionline.org). After discontinuing OIT for 2 weeks (post-OIT,
after avoidance, before final DBPCFC; Fig 1), the reduction of
peanut-induced IL-5, IL-4, and IL-2 secretion was stable in
most of the patients (Fig 5, A-C). However, in some patients,
this reduction was not stable during the 2 weeks off OIT, and cy-
tokine levels increased after the allergen-avoidance phase; for ex-
ample, 4 patients showed an increase in IL-2 production after
allergen avoidance of 2 weeks, almost returning to their baseline
values (Fig 5, patient # 7, 25, 28, 24). However, in most of the
cases, the increases did not match the course of other cytokine
levels, peanut-specific IgE, or SPT within the same patients.
These changes did not correlate with the clinical outcome of the
final DBPCFC (Table I) or with the length of time necessary to
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achieve the maintenance OIT dose. In most cases, patients who
tolerated less peanut during the final DBPCFC compared with
maintenance dosing did not show an increase in peanut-specific
cytokine production.

There was a small but significant reduction of peanut SPT
wheal diameter after OIT (Fig 5, D). After 2 weeks of peanut
avoidance, this reduction was no longer evident. Peanut-specific
IgE levels as well as total IgE levels did not change after the in-
tervention. However, after 2 weeks of peanut avoidance,
peanut-specific IgE (Fig 5, E) and total IgE (data not shown)
decreased significantly. As expected, peanut-specific IgG, levels
increased significantly after OIT in all patients (Fig 5, F). After
2 weeks off OIT, there was a small but significant drop in
peanut-specific IgGy levels for all patients (Fig 5, F).

DISCUSSION

In the current study, it has been shown that OIT using a long-
term buildup phase may be a safe and effective way to treat many
patients with peanut allergy to prevent severe reactions caused by
accidental ingestion. Our study population belongs to the group of
patients at high risk for anaphylactic reactions because they were
highly sensitized and two thirds had asthma."!

Clinical efficacy and safety of OIT using a rush
protocol

In contrast with the recently published study on OIT in children
with cow’s milk allergy using a rush protocol,zo efficacy of a rush
protocol in peanut OIT seems to be poor in most children with
peanut allergy. We found that only children with low levels of
peanut-specific IgE reached a maintenance protective dose after
OIT by using the rush protocol. Adverse reactions were also quite
common during the rush protocol. Furthermore, most patients
who achieved a protective dose during the rush phase subse-
quently had their dose decreased because of adverse events or re-
fusal to take the dose because of the taste. In combination, the rush
protocol does not seem like a feasible therapeutic strategy in most
patients with peanut allergy.

Clinical efficacy of OIT using a long-term buildup
protocol

However, a slow, long-term buildup protocol of OIT appears to
be effective, as demonstrated by 2 clinical outcome parameters of
our study:

1. Fourteen of 23 patients (61%) starting the study reached a
maintenance stable dose of at least 500 mg whole peanut
(125 mg peanut protein = 1 small peanut kernel). It is gen-
erally believed that accidental exposure to peanut is un-
likely to exceed this threshold.'>2!22 Therefore, a well
tolerated daily intake of 500 mg peanut or more is likely
to provide significant protection.

2. We could also demonstrate a significant increase in the
threshold dose after OIT comparing pre and post DBPCFCs.
Furthermore, 8 of 14 patients tolerated even more peanuts at
the final DBPCFC despite 2 weeks off OIT than during their
maintenance phase. Three patients, in fact, even tolerated the
highest dose given without any symptoms.

These results are similar to other published findings reported in
small case reports of patients with peanut allergy in the last few
years.23 = Recently, Jones et al’® also demonstrated that 29
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FIG 5. Comparison of laboratory and SPT results pre-OIT at baseline DBPCFC, directly post-OIT, and
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specific IgE (E), and IgG, (F) for 14 patients who completed the study (*P < .05; **P < .01; ***P < .001).
Selected patients are marked (#) to follow the individual course.

patients with peanut allergy of 39 recruited (74%) could tolerate a
daily dose of approximately 300 mg peanut protein during a first
maintenance phase on OIT using a long-term protocol. Threshold
levels also increased. However, in contrast with our study, peanut
allergy was not verified by an initial food challenge, allowing for
the possibility that some peanut-tolerant patients were enrolled,
and making a true comparison of threshold reactivity before
and after OIT difficult.

In contrast with our study, all other studies on peanut OIT to
date have adopted a study design in which the increase of

threshold dose was demonstrated directly after or during ongoing
OIT. Because we chose a different study design, we could
show—for the first time—that even after 2 weeks of discontin-
uation of daily peanut exposure, ingestion of 500 mg whole
peanut was safe in all but 2 of the patients who underwent OIT.
The 35% (8/23) dropout rate in the current study is quite high
compared with other studies.?*® In 4 of these patients (17%), the
study was terminated early because of adverse reactions. Jones
et al*® reported that only 4 of 39 (10%) patients were discontinued
because of repeated adverse side effects. In 2 of our patients,
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compliance was lacking, maybe because they expected to reach a
protective dose after 7 days following an inpatient rush protocol.

Clinical safety of OIT using a long-term buildup
protocol

Using the long-term OIT buildup protocol, objective adverse
reactions were quite common but not more frequent than in other
OIT studies.””* Although our results cannot be directly com-
pared with those of other OIT studies because we reported only
objective adverse reactions, the rates seem to be quite similar to
other studies when comparing the frequency of medical treatment
required by the patients during OIT. For example, salbutamol in-
halation was given in 0.9% of the total doses taken during our
long-term buildup protocol, which is similar to the studies of Skri-
pak et al*” and Hofmann et al,>* who reported B-agonist use in ap-
proximately 0.9%.

During OIT, some of our patients experienced chest symptoms
that would require the use of epinephrine as recommended by the
international guidelines.***! These guidelines were developed for
patients’ self-management in emergency situations after the acci-
dental ingestion of an unknown amount of allergen. However, in
our study, allergic reactions during OIT occurred in a controlled,
monitored setting, with a known dose of peanut that had been well
tolerated on a daily basis beforehand, and with various augment-
ing factors (eg infections, exercise). Therefore, patients on OIT
and their caretakers were instructed to use self-injectable epi-
nephrine in life-threatening events after the intake of OIT such
as sudden severe wheezing or shortness of breath because of la-
ryngeal edema, moderate pulmonary obstruction with no relief af-
ter the use of a short-acting {3,-agonists, somnolence, and/or
unconsciousness. Using these criteria for self-treatment of
adverse events, none of our patients required treatment with epi-
nephrine. Overall, we conclude that the frequency of adverse
events can be considered acceptable as a therapeutic side effect.
However, the risk-benefit ratio has to be evaluated further in a
placebo-controlled study.

Immunologic changes during peanut OIT

T cells from children with peanut allergy show allergen-specific
Twu2 cytokine production after in vitro stimulation with peanut.*?
‘We hypothesized that cytokine production of children with peanut
allergy would be skewed toward Tyl cytokine production after
OIT similar to results from children with peanut allergy who
had spontaneously outgrown their disease.’® Interestingly, we
could demonstrate peanut-specific downregulation of Ty2 cyto-
kine production (IL-4 and IL-5) but not a shift toward Ty1. There
was a downregulation of IL-2 secretion, which is more consistent
with the hypothesis of clonal anergy or clonal deletion.**** Al-
though it has been postulated that regulatory T cells secreting
IL-10 are involved in the induction of oral tolerance,*> we could
not demonstrate an upregulation of IL-10, which might be because
that we evaluated cytokine production at a median of 9 months af-
ter OIT and may have missed the time point when peanut-specific
regulatory T cells were induced. Consequently, the old concept of
active suppression followed by clonal anergy/clonal deletion in
oral tolerance induction is still open for discussion.***

Our data on peanut-specific cytokine production before and
after OIT differ from recently published data.®® Jones et al*¢
showed a significant increase of IL-5 and TNF-a production by
PBMCs stimulated in vitro with peanut extract after OIT.
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However, Jones et al*® reported on baseline levels of cytokines
that were very low in general: for example, baseline median
peanut-specific IL-5 secretion was reported to be approximately
2 pg/mL, whereas our baseline IL-5 levels were much higher (me-
dian, 212 pg/mL). Furthermore, they could not detect any IL-4,
IL-2, IL-10, or IFN-y secretion after allergen stimulation.

The maintenance phase in our study was only 8 weeks.
Therefore, it is not surprising that some patients still reacted
after provocation and immunologic changes seemed unstable
within our study group. No risk factor could be ascertained from
the data to identify patients who would be either clinically or
immunologically unstable after 2 weeks off OIT. Long-term
tolerance was not yet established in most of our patients.
However, tolerance induction with robust immunologic changes
seems feasible with a prolonged time on a stable maintenance
dose of OIT, as has been shown for subcutaneous immunotherapy.

Recently, studies on sublingual immunotherapy with inhalant
allergens have demonstrated good clinical efficacy and safety®-’
when children received a stable maintenance dose for approxi-
mately 7 months. Obviously, the oral application followed by
swallowing of crushed peanut in our study cannot be directly
compared to sublingual immunotherapy with inhalant allergens.
However, more and more promising data are published showing
that the mucosal route of the gastrointestinal tract might be a
good target for immunotherapy.

In conclusion, peanut OIT using a long-term buildup protocol
appears to be a safe and effective treatment to protect many high-
risk patients with peanut allergy against accidental reactions.
Moreover, an increase in threshold levels above the daily main-
tenance dose and changes of immunologic parameters suggest
that this form of therapy may be useful in achieving long-term
tolerance induction. These promising results reinforce the need
for further well controlled studies, including long-term trials with
more patients within a placebo-controlled randomized study
design. Until the risk-benefit ratio has been further evaluated,
OIT for patients with peanut allergy cannot be considered as a
therapeutic strategy for routine clinical practice.

We thank Petra Ellensohn, Margeret Oberreit, Alexander Rohrbach, and
Gabriele Schulz for technical assistance in the laboratory.

Key messages

o Rush oral immunotherapy is not successful in most chil-
dren with peanut allergy.

In contrast, a long-term buildup protocol for peanut OIT
appears to be safe and effective in reaching clinically rel-
evant protective doses for high-risk patients with peanut
allergy.

With an increase in peanut threshold levels and a reduc-
tion of peanut-specific Ty2 cytokine production, the in-
duction of long-term tolerance may be feasible following
OIT in some children with peanut allergy.
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TABLE E1. Comparison of cytokine production after in vitro
stimulation with milk proteins of PBMCs of 14 children with
peanut allergy pre-OIT and directly after peanut OIT and after 2
weeks off peanut OIT (before final DBPCFC)

Post-OIT before Post-OIT after
Pre-OIT median avoidance median avoidance median
Cytokines (range), pg/mL (range), pg/mL (range), pg/mL
1L-4 1 (0-8) 0 (0-4) 0 (0-8)
IL-5 1 (0-24) 0 (0-7) 1 (0-9)
1IL-10 220 (35-755) 149 (42-513) 135 (51-597)
IFN-y 37 (0-237) 11 (0-584) 24 (0-190)

TNF-a 120 (0-863) 114 (21-7227) 189 (0-2168)
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