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Summary

Background Peanut allergy is severe and rarely resolves.
Objective To test the efficacy and safety of a new oral immunotherapy (OIT) protocol for
peanut allergy.
Method Twenty-two peanut-allergic children underwent oral challenge. OIT was administered
by gradual updosing with 2-weekly increments (8–38 weeks) to 800 mg of protein (5 peanuts/
day) followed by 30-week maintenance. Oral challenge was repeated after 6 and 30 weeks
maintenance.
Results Twenty-two children (median 11 years) had positive challenges (threshold 1–110 mg).
Nineteen of 22 (86%) tolerated updosing and maintenance at 800 mg protein/day. One of 22
dropped out; 2/22 tolerated updosing and maintenance at 200–400 mg protein. Reactions,
mostly mild, occurred in 86% during immunotherapy, adrenaline was not required. Eight of 8
with pre-immunotherapy peanut IgEo27.3 kU/L required no dose adjustment compared with
5/13 with pre-immunotherapy peanut IgEX27.3 kU/L. Twelve of 22 (54%) required a
transient dose reduction because of reactions possibly related to extrinsic factors: tiredness,
infection and exercise. After 6 weeks, 12/22 (54%) had no reaction to a 2.6 g protein
challenge. After 30 weeks, 14/22 (64%) tolerated 6.6 g protein. The median tolerated peanut
dose increased 1000-fold following immunotherapy, from 6 to 6459 mg of protein.
Conclusions and Clinical Relevance We used a novel protocol using gradual updosing, and
higher maintenance dose resulting in a better outcome compared with rush protocols. There
was a 1000-fold increase in the amount of peanut tolerated with a good safety profile. No
serious adverse events occurred. Most subjects tolerated five peanuts and all were protected
against amounts likely during accidental ingestion. New information is provided on ‘extrinsic
factors’, updosing method and factors associated with success (trial registration http://
ClinicalTrials.gov – ID number NCT01259804).
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Introduction

Peanut allergy is common, affecting 1–2% of young
children in Europe and the United States [1–3], and unlike
other common childhood food allergies (e.g. to hens egg),
resolution is uncommon [4]. The quality of life of the
affected families is reduced because of constant fear over
food choices and the likelihood of anaphylaxis [5, 6].
Despite the current best management, families of peanut-
allergic children have poor knowledge of how to avoid
and also treat food allergy emergencies [7]. Accidental
reactions are common (annual incidence rates for acci-

dental reactions of 3%, 14% and 50% have been reported
in large studies [8]). Nearly one-third of nut-allergic
children cannot recognize the nut to which they are
allergic – this lack of recognition puts them at an
increased risk of unintentional ingestion [9]. There is a
need to develop a disease-modifying therapy for peanut
allergy. Immunotherapy for inhalant and stinging insect
allergy by subcutaneous injection has proven efficacy and
safety. An early study of subcutaneous immunotherapy
for peanut allergy showed a trend to benefit but was
terminated after a severe adverse reaction [10]. Oral
immunotherapy (OIT) for the treatment of persistent hen’s
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egg and cow’s milk allergy has been studied [11, 12].
Sublingual immunotherapy with hazelnut extract was
studied in a small group of subjects with hazelnut allergy
demonstrating an increase in dose threshold [13]. Two
recently published studies of peanut OIT using an initial
rush protocol showed poor tolerability of the rush period,
with better efficacy after a period of gradual dose escala-
tion [14–16]. We reported previously the use of OIT as a
treatment for peanut allergy in four children, demonstrat-
ing that desensitization to peanut can be achieved [17].
We now report the follow-up data using a gradual dose
escalation and high top-dose protocol in those four and a
further 18 children, to examine efficacy and safety in
more detail.

Method

This is an uncontrolled clinical trial of 22 peanut-allergic
children treated with high-dose OIT using a slow updosing
protocol and standardized follow-up. The study was
approved by the Local Ethics and Research and Develop-
ment Committees and was funded by a local medical
charity, The Evelyn Trust. The trial had been registered
and published at http://ClinicalTrials.gov (ID number
NCT01259804). Each family gave written informed con-
sent. All investigations were performed at the Cambridge
Biomedical Research Campus, UK. Participants ap-
proached us after reading about the study in a national
patient support group newsletter (Anaphylaxis Campaign
http://www.anaphylaxis.org). They were enrolled in order
of presentation. Inclusion criteria were a positive peanut
oral challenge and the presence of peanut-specific IgE in
children aged 4–18 years. Major immunodeficiency and
an inability to comply with the study protocol were
exclusion criteria. Twenty-two children were enrolled.
Children with a history of anaphylaxis after peanut inges-
tion were included.

Skin prick tests (SPTs) were performed (peanut extract,
saline negative and histamine 10 mg/mL positive controls;
single point lancets; ALK-Abello, H�rsholm, Denmark)
and peanut SPT was interpreted as positive when the weal
diameter was at least 3 mm greater than the negative
control. Serum was analysed for whole peanut and Ara h
2-specific IgE (CAP-system FEIA; Phadia, Uppsala, Swe-
den).

Double-blind placebo-controlled food challenges

Double-blind placebo-controlled food challenges
(DBPCFCs) (low-dose challenge protocol) were performed
according to an international consensus statement [18].
Peanut was administered as ground and partially defatted
peanut flour (50% protein, light roast; Golden Peanut
Company, Alpharetta, GA, USA). The carrier was a choco-
late bar (32% fat) containing vegetable oil, sugar and

orange essence (free of egg, milk, peanut, tree nuts and
soya) and blinding was assured by a tasting panel. Placebo
and active (peanut flour) doses were administered on
separate days in random order, and dose intervals were at
least 30 min. A challenge dose regimen including 1, 5, 50
and 500 mg of peanut protein was piloted for the first
subject. The dose range was subsequently modified to 1, 5,
25, 50, 75 and 100 mg of peanut protein. The challenge
was scored positive if (a) objective symptoms occurred or
(b) subjective symptoms occurred on at least two con-
secutive doses. A negative DBPCFC was followed by an
open challenge with a cumulative dose of six peanuts
(approximately 900 mg protein). Overall, the challenge
was scored negative if there was no reaction to the
DBPCFC or open challenges [18]. Pre-intervention chal-
lenges were used to both confirm the presence of clinical
allergy to peanut and identify the highest amount of
protein tolerated before a reaction occurred (highest
tolerated dose).

Oral immunotherapy

OIT was administered in two phases; firstly, there was a
gradual updosing phase with 2-weekly increments to
800 mg/day, followed by a maintenance phase where the
highest tolerated dose (with a target of 800 mg/day) was
taken continuously for 30 weeks. The same peanut flour
used in the challenges was also used for updosing. The
updosing phase increments were 0.5, 1, 2, 5, 12, 25, 50,
100, 200, 400 and 800 mg of peanut protein. Starting
doses for immunotherapy were below the subject’s own
pre-OIT threshold. All dose increases occurred in the
Wellcome Trust Clinical Research Facility and subjects
were observed for 2 h. The same dose was administered at
home daily for 2 weeks. At the final updose, subjects were
given the choice of continuing to take peanut flour or five
to seven peanuts daily (�800 mg protein).

Participating families were advised to record and report
any symptoms that occurred during the course of the
intervention. Families were provided with oral antihista-
mines, an epinephrine auto-injector and a treatment plan,
with training [8]. Participants were asked to avoid any
other source of peanut in their diet. Children were asked to
take their dose with food and instructed not to exercise for
1–2 h after taking a dose. Families had 24 h access to the
study team by telephone. If reactions occurred that were
troublesome, the OIT dose was reduced to the previously
tolerated dose for 1–2 weeks before being increased again.
Reactions were recorded and categorized according to a
published grading system [8].

Post-oral immunotherapy challenges

An open peanut challenge using weighed roasted peanuts
was performed after completing 6 weeks of the
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maintenance phase (2.6 g peanut protein – dose intervals:
0.8, 0.45, 0.45, 0.45, 0.45 g protein; a total of approxi-
mately 12 peanuts). A further peanut challenge was
undertaken after completing 30 weeks of the maintenance
phase (6.6 g protein – eight equal dose intervals of 0.83 g
protein; a total of approximately 32 peanuts). Dosing
intervals were 20–30 min and the same criteria for scoring
the challenges were used as for the pre-OIT challenge.

Statistics

Medians of non-parametric data sets were compared with
the Mann–Whitney U-test. Means of normally distributed
data were compared with Student’s t-test. Comparison
between multiple non-parametric data sets was made with
the Kruskall–Wallis test and Dunn’s post-test comparison.
Wilcoxon’s ranked-pairs test was applied to paired non-
parametric data. Data were analysed using Graphpad
Prism (v5.0; San Diego, CA, USA).

Results

Study population

Twenty-two children aged 4–18 years were enrolled, with
a median age of 11 years. Demographic features are
summarized in Table 1.

Pre-immunotherapy peanut challenge

All 22 subjects had a positive DBPCFC (for explanation of
subject flow see Fig. 1). The highest tolerated dose of
peanut varied between 1 and 110 mg protein (median 6 mg
– see Table 2). Subject 12 had anaphylaxis during
DBPCFC. He developed rhinitis nausea, breathlessness,
tightness in the chest, pallor and severe abdominal pain.
He was promptly treated with intramuscular epinephrine,

intravenous chlorphenamine and hydrocortisone. Four
subjects passed the initial DBPCFC but they all developed
objective symptoms during subsequent open peanut chal-
lenge. There were no screening failures.

Oral immunotherapy

Updosing phase. OIT updosing was commenced in 22
subjects, with 19 tolerating updosing to the planned
maximum dose of 800 mg of protein/day (Fig. 1). The
amount of time required for updosing was 56–264 days
(median 140 days) and the mean number of attendances
for updosing was 9.7 (95% CI 8.3–11.1). Eight of 22 (36%)
required a transient dose reduction during updosing but
were able to complete the schedule up to 800 mg of
protein as planned. One subject dropped out after the first
updose at home, having developed transient abdominal
pain. There was no further contact. During updosing, six
subjects reported failure to take a dose. A total of 10 doses
were missed on nine separate occasions. No reactions
occurred following missed doses.

Table 1. Clinical characteristics of participants

Male : female ratio 1
Age at first peanut reaction 2 years (0.3–7 years)
Age at enrollment 11 years (4–18 years)
Other allergic disease Active (%) Outgrown (%)

Asthma 64 9
Rhinitis 45 5
Eczema 36 45
Egg allergy 9 36
Milk allergy 5 23

Severity of worst reaction
before enrollment

Mild 23%
Moderate 36%
Severe 14%
Unclassified� 27%

Numbers are median (range) unless otherwise specified. Age is shown in
years.
�Clinical details insufficient to classify.

Pre-OIT challenge 
n= 22

30 week challenge 
18/21†

1 drop out 

Maintenance phase 
2/21 subjects 
completed
200-400mg/day

7/19 Positive 

12/19 Negative

4/18 Positive 

14/18 Negative

6 week challenge 
19/21*

Maintenance phase
 19/21 completed 

800mg/day 

Updosing phase 

21/22 complete 

Fig. 1. Subject flow diagram. Subjects continued on maintenance
immunotherapy at 6 and 30 weeks challenge time-points. �At 6-week
challenge: n = 3 not challenged; n = 1 drop out; n = 2 could not tolerate
800 mg peanut protein OIT maintenance. wAt 30-week challenge: n = 4
not challenged, n = 1 drop out, n = 1 had not completed the dose range for
the 6-week challenge and n = 2 could not tolerate 800 mg peanut protein
OIT maintenance. OIT, oral immunotherapy.
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Maintenance phase

Nineteen of 22 (86%) subjects successfully maintained
desensitization at the maximum dose of 800 mg of protein
for the remainder of the study (Fig. 1). Subjects 20 and 21
initially received 800 mg of protein but subsequently
required lower maintenance doses of 400 and 200 mg,
respectively, after developing repeated transient episodes
of oral itching and abdominal pain. These lower doses
were well tolerated for the remainder of the study (30
weeks). Both subjects had high peanut-specific IgE and
also had protracted intercurrent illnesses during updosing
and maintenance phases. The difficulty in desensitization
did not appear to be related to the threshold dose. Overall,
there was no difference in median pre-OIT challenge
threshold between those who required dose adjustments
during OIT (and were more ‘difficult’ to desensitize)
compared with those who did not.

6-week challenge

After completing 6 weeks of the maintenance phase, 19/
22 (86%) subjects underwent challenge to 2.6 g of protein.
Eighteen of 19 (95%) ingested the full challenge dose, of
those 12/19 (63%) had no symptoms and 7/19 (37%)

developed mild/moderate symptoms. Symptoms included
abdominal discomfort, rhinitis, facial erythema and lip
angioedema. Subject 13 developed abdominal pain and
the challenge was stopped at the request of the participant,
after they had ingested 600 mg of protein. Subjects 21 and
22 were not offered a challenge because they were not
receiving the top maintenance dose (Fig. 1).

30-week challenge

After completing 30 weeks of the maintenance phase, 18/
22 (81%) subjects underwent a 6.6 g protein challenge.
Fourteen of 18 (78%) subjects did not have any symptoms
during the challenge. Four of 18 (22%) experienced mild/
moderate symptoms (mild abdominal discomfort and
vomiting) having ingested all challenge doses. Subjects
13, 20 and 21 were not offered a challenge because they
had either not passed the 6-week challenge or were not
receiving the top maintenance dose.

Change in tolerated dose after immunotherapy (Fig. 2)

The median highest amount of peanut tolerated during the
pre-OIT challenges was 6 mg (range 1–110 mg). After

Table 2. Pre-OIT total peanut and Ara h 2-specific serum IgE (kU/L), maximum tolerated dose pre- and post-OIT (mg), starting dose of OIT (mg) and
number of transient dose reductions during OIT for each subject

Subject
number

Peanut-
specific IgE
(kU/L)

Ara h
2-specific
IgE (kU/L)

Maximum-
tolerated dose
pre-OIT (mg)

Pre-OIT
challenge
symptoms�

Starting dose
of OIT (mg)

Maximum-
tolerated peanut
after OIT (mg)

Number of transient
dose reductions
during OIT

1 253 70.4 81 OI, TC, A, U, AP, N 5 3278 3
2 3.81 0.57 75 TC, AP 1 6354 0
3 5.17 2.91 110 OI, RC 5 6602 0
4 27.3 21.0 1 OI, RC 0.5 6574 2
5 46 21.3 1 OI, A 0.5 6886 0
6 29.7 15.8 6 OI, AP 1 6503 2
7 3.49 0.38 6 OI, RC, A, AP 1 6486 0
8 6.44 3.73 81 AP 25 7510 0
9 16.1 5.25 75 OI, E, U, AP, N 50 5674 0
10 287 4100 31 OI, E, AP, N 5 6663 2
11 1.54 1.41 1 OI 0.5 6801 0
12 194 NA 56 SOB, N, AP 6 6411 4
13 433 4100 1 OI, A, E 0.5 2485 0
14 395 4100 1 OI, E 0.5 2443 0
15 77.0 75.3 1 OI, TC 0.5 6250 0
16 4.25 NA 55 OI, E 5 6654 0
17 31.3 29.1 1 OI, RC, AP, N, V 0.5 800 2
18 0.41 o0.35 100 OI, TC, AP 5 6459 0
19 65.1 53.6 6 OI, TC, AP, V 0.5 6500 0
20 354 NA 1 OI 0.5 800 9
21 800 4100 81 RC, AP, V 5 800 7
22 14.3 NA 81 Dropout 25 Dropout Dropout

�All symptoms occurred on active challenge arm. There were no placebo reactions.
NA, not available. Challenge symptoms: OI, oral itching; TC, throat closing; A, angioedema; U, urticaria; E, erythema; AP, abdominal pain with
significant change in behaviour; N, nausea; V, vomit; SOB, short of breath; W, wheeze; RC, rhinoconjunctivitis; OIT, oral immunotherapy.
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updosing and maintenance, the median highest tolerated
dose during challenge (or immunotherapy if no challenge
was applied) was 6469 mg (range 800–7510 mg). For those
who underwent immunotherapy, this represents at least a
1000-fold increase in the median tolerated dose for the
group.

Reactions during immunotherapy

Nineteen of 22 (86%) subjects developed transient allergic
symptoms at some point during the updosing and main-
tenance phases. Allergic symptoms did not occur with
every dose increase. The mean number of updosing
periods where allergic symptoms occurred was 5.2 (95%
CI 3.39–7.15), i.e. in about half the updosing periods. The
most common symptoms during the updosing phase were
by far oral itching (14/22 64%) and/or abdominal pain
(50%), whereas less often rhinoconjunctivitis (27%),
wheeze (22%), nausea and vomiting (18%) occurred (see
Table 3). The majority of symptoms developed within 1 h
of taking the dose, lasted o1 h and responded well to oral
antihistamines and/or b2-agonists. Three of 22 (14%)
subjects did not have any symptoms during the updosing
period.

Reactions with extrinsic factors

During updosing, 12/22 (54%) experienced unexpected
transient and isolated reactions to a daily dose that had
been taken for up to 2 weeks without reaction (Table 4).
The episodes were transient, usually lasting o1 h and
would occur on a single day, with the same dose being
taken without reaction on subsequent days. These reac-
tions with extrinsic factors (REFs) occurred over a median
period of 3.7 months from the start of immunotherapy
(range 1.5–6.3 months).

Symptoms were usually mild/moderate and episodes
were treated with antihistamines and/or inhaled b2-ago-
nists (Table 4). Intramuscular epinephrine was not re-

quired. REFs were associated with recognizable extrinsic
factors such as exercise (up to 2 h after taking a dose),
infection (respiratory, varying from a cold to pneumonia
or gastrointestinal), tiredness (caused by sleep depriva-
tion), co-exposure to other allergens (i.e. pet dander),
anxiety and/or menstruation (Table 4).

Skin prick tests and serum-specific immunoglobulin E
levels

There was a significant reduction in SPT weal size to
peanut extract at 6 and 30 weeks compared with the
baseline (Fig. 3a median 6 vs. 5 vs. 8.5 mm, respectively).
The median serum peanut-specific IgE for the group
showed a transient rise midway through OIT (38.3 kU/L),
followed by a trend to reduction at 30 weeks (8.35 kU/L),
compared with the pre-OIT value (29.7 kU/L) (Fig. 3b).
Pre-OIT peanut IgE was compared with the ‘difficulty’ in
performing immunotherapy for each individual (mea-
sured as the number of episodes of dose reduction during

Fig. 2. Change in tolerated dose of peanut protein after immunotherapy,
comparing the highest tolerated dose of peanut protein during the pre-
OIT challenge to the highest amount tolerated during challenges, after
OIT. Results from 21 patients who completed immunotherapy are shown.
�Wilcoxon’s matched-pairs test (two-tailed). OIT, oral immunotherapy.

Table 3. Symptoms experienced and treatment administered during
gradual build up and maintenance OIT expressed as the total number of
episodes and as a percentage of the total number of OIT doses adminis-
tered during each period

Updosing phase Maintenance phase

n % n % (�10�2)

Total number of doses 2920 5406
Symptoms

Sore throat 14 0.5 0 0
Erythema 3 0.1 3 0.05
Urticaria 4 0.1 17 0.3
Angioedema 7 0.2 1 0.02
Conjunctivitis 7 0.2 0 0
Rhinitis 11 0.4 0 0
Cough 0 0 2 0.04
Wheeze 11 0.4 17 0.3
Oral itching 138 5 40 0.7
Nausea 32 1 2 0.04
Vomiting 19 0.7 0 0
Abdominal pain 115 4 31 0.6

Treatment
None 104 4 27 0.5
AH alone 213 7 53 0.9
Inhaled salbutamol alone 1 0.04 1 0.02
AH1inhaled salbutamol 10 0.4 16 0.3
IM adrenaline 0 0 0 0

The updosing OIT phase lasted from initiation of immunotherapy until a
dose of 800 mg of protein was reached. The maintenance phase includes
all subsequent doses until the 30-week challenge (note the percentages
for the maintenance phase are expressed as �10�2). Specific treatment
administered is also shown.
AH, oral antihistamines; IM, intramuscular; OIT, oral immunotherapy.
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OIT – Table 2). We found that no subject (8/8) with a
peanut IgEo27.3 kU/L required an alteration to their
immunotherapy regimen. In contrast, 5/13 (39%) with a

peanut IgEZ27.3 kU/L required a dose reduction
(P = 0.0068; Fisher’s exact test). In addition, median pre-
OIT serum peanut IgE was significantly lower in those who
passed the 30-week challenge (n = 14) compared with
those who failed (n = 4) or did not attempt it due to
reduced tolerance (n = 3; n = 1 drop out) (11.3 vs.
354.0 kU/L; �P = 0.0025; Mann–Whitney test; Fig. 4).
Serum peanut Ara h 2 IgE was also significantly
reduced in the group who passed the 30-week challenge
(Table 5). We also compared the pre-OIT challenge thresh-
old, age at enrollment, presence of current asthma and
rhinitis between these groups and found no difference
(Table 5).

Table 4. Episodes of reactions provoked by OIT combined with extrinsic factors (REFs)

Extrinsic factors

Subject #
Infection or other
intercurrent illness Exercise Tiredness Anxiety

Aero-allergen
co-exposure Menstruation

Total number of
episodes Symptoms

1 1 2 3 RC, W
4 1 3 1 5 OI, W, SOB
5 1 1 OI
6 1 1 45 45 AP, V, A
7 5 5 AP, RC, OI
12 1 1 AP, W
14 4 4 OI, AP, W
15 45 45 OI
17 1 45 45 AP, N
19 1 4 2 45 W, V
20 45 2 45 45 OI, AP
21 45 1 3 45 AP,U,W

Subjects experiencing transient symptoms due to extrinsic factors (infection/underlying illness, exercise, tiredness, anxiety, aeroallergen exposure),
total number of episodes of reactions with extrinsic factors for each subject and symptoms occurring during those episodes. ‘Tiredness’ is defined by
reduced sleep duration on the previous night/nights. Subject 21 had three episodes of reaction during three consecutive menstrual periods.

OI, oral itching; AP, abdominal pain; W, wheeze; N, nausea; V, vomiting; A, angioedema; RC, rhinoconjunctivitis; U, urticaria; OIT, oral immunotherapy.

Fig. 3. Skin prick tests (SPTs) and serum IgE. Results of (a) in vivo and (b) in
vitro testing before, during and after oral immunotherapy (OIT). Peanut
SPT weal size (mm), serum total and peanut-specific IgE are shown.
Statistical analysis was performed using the Kruskal–Wallis test with
Dunn’s post-test comparison (�Po0.05).

Fig. 4. Serum peanut-specific IgE measured before OIT for those with a
negative 30-week peanut challenge (n = 14; 6.6 g peanut protein) com-
pared with those who had positive challenge or did not undergo
challenge (n = 4 – due to sub-optimal tolerance). The difference between
medians for both groups is significant (11.3 vs. 354.0 kU/L; �P = 0.0025;
Mann–Whitney test). The Y-axis is log transformed.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 41 : 1273–1281

1278 K. Anagnostou et al



Discussion

In this study of 4–18 year-old peanut-allergic children, a
gradual updose OIT regimen resulted in a 1000-fold
increase in the amount of peanut tolerated, with an
acceptable safety profile. All subjects tolerated a main-
tenance dose well above their pre-treatment challenge
threshold, protecting against accidental ingestion.

This study has several novel features that distinguish it
from the two studies recently published on this topic and
provides valuable new information. We used a gradual
updosing regimen, compared with previously published
rush or semi-rush studies [14, 16]. We also used a higher
top immunotherapy maintenance dose (800 mg compared
with 300 mg [14] or 125 mg [16]). Also, in demonstrating
desensitization we used a more rigorous final challenge
with higher peanut dose than used in previous studies
(6.6 g protein, compared with 2 g [16] or 3.9 g [14]),
ensuring the detection of very high thresholds. We also
identified that pre-OIT peanut-specific IgE may be a useful
marker to stratify subjects into those who could be
desensitized with relative ease and those who have greater
difficulty. We performed threshold challenges before
commencing immunotherapy and used these to guide the
OIT starting dose [14]. Important new data on reactions
due to extrinsic factors are described in the context of the
overall safety data, which will inform future immunother-
apy study design.

Our regimen was well tolerated by participants (Table
3). Two other groups have used more rapid updosing
schedules, one had a 7-day rush protocol to a planned
top dose of approximately 125 mg protein followed by a
slower updosing for those who did not achieve this [16].
Seventy-four percent failed to increase their threshold
during the rush period, but after gradual updosing 15/23
(65%) could tolerate 200–2000 mg of peanut. Overall 35%
(8/23) dropped out. Jones et al. [14] used a 1-day rush to
50 mg of peanut protein with a planned top dose of
300 mg maintenance. Seventy-four percent failed to reach
the intended top rush dose of 50 mg of peanut and 10%

required adrenaline; overall 34% (10/29) withdrew from
the study. Only 11/39 (28%) eventually passed a 3.9 g
peanut challenge with no symptoms. In contrast, we
found that 19/22 (86%) tolerated gradual updosing to
800 mg protein, with a good safety profile and only one
withdrawal (Table 2). Fourteen of 22 (64%) passed a final
6.6 g peanut challenge with no reaction. A rush protocol
has the advantage of reducing the number of updosing
appointments but these studies suggest that such proto-
cols are poorly tolerated and not particularly effective.
Further study of rush protocols under anti-IgE cover is
warranted.

We used a higher top maintenance dose than previous
studies (800 mg protein vs. 300 mg [14] and 125 mg [16]),
meaning that our subjects tolerated a greater amount of
peanut and received a larger cumulative dose during
immunotherapy. In subcutaneous immunotherapy, a
higher immunotherapy dose is related to improved effi-
cacy and this may help to explain the difference in
outcome between studies. In our participants, OIT con-
ferred protection against a minimum of 1.5 peanuts –
much more than is likely to be encountered during
accidental ingestion. For the majority, their tolerated dose
was raised beyond 6.6 g of protein during challenge (14/
22: 63%), a threshold higher than any previous study (3.9
and 2.0 g protein) [14, 16]. It was not known previously
whether immunotherapy completely ablated reactivity, or
simply raised the reactive threshold to a level somewhere
above the immunotherapy dose. Using a lower cumulative
challenge dose may not detect this increased threshold as
10–15% of peanut allergic subjects may still react to a
higher dose [19].

This intervention would be most valuable to children
with severe peanut allergy and/or low-dose thresholds.
The study sample included children with typical peanut
allergy, representative of most degrees of severity and
threshold dose, with sensitization to the major peanut
allergen (Ara h 2 – Table 2). Several children with a
history of anaphylaxis were included. OIT with home
dosing was well tolerated by the 14% with a history of

Table 5. Comparison of age at enrollment, total peanut serum IgE, Ara h 2 serum IgE, presence of current asthma or rhinitis and threshold dose before
OIT between those who passed the 30-week peanut challenge (n = 14) and those who either reacted during the challenge (n = 4) or could not attempt it
(n = 1 drop out; n = 2 unable to tolerate 800 mg OIT maintenance dose and n = 1 failed 6-week challenge)

No reaction at 30-week challenge n = 14 Reaction at 30-week challenge n = 8 P-value

Pre-OIT challenge threshold (mg) 31 (1–110) 1 (1–81) NS
Serum peanut IgE (kU/L) 6.44 (0.41–287) 354 (31.3–800) 0.0025�

Serum Ara h 2 (kU/L) 10.5 (0.35–X100) X100 (29.1–X100) 0.0087�

Age (years) 12 (7–18) 9 (4–13) NS
Current rhinitis 10 (71%) 4 (57%) NS
Current asthma 6 (43%) 4 (57%) NS

Figures are medians with ranges in parentheses unless otherwise stated.
�Mann–Whitney test for significance.
NS, non-significant; OIT, oral immunotherapy.
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anaphylaxis and 8/22 with a very low threshold dose of
1 mg of peanut protein. Our data should provide reassur-
ance for researchers considering whether to include such
children in future studies. In our view, it is important that
the treatment effect and safety be defined for children
with high severity and/or low thresholds by larger studies.

The duration of OIT was shortened if the immunother-
apy starting dose was high (subjects with higher dose
thresholds were commenced on higher initial OIT doses)
and lengthened if there was difficulty in updosing. The
majority of participants tolerated the repeated planned
dose increases and completed the protocol without major
difficulty. A degree of flexibility in updosing is required
because of differences in individual response to immu-
notherapy. Where reactions occurred on updosing, the
dose was transiently reduced, but most continued to
complete the protocol.

Limitations of the study were the lack of a control group
and the small size. A control group would give further
reassurance that the disease had not resolved sponta-
neously, even though this is unlikely given the short study
duration. A small sample size was chosen because of the
lack of published studies on this intervention. Nonethe-
less, sources of bias were offset by the powerful effect size
observed.

It would be desirable to identify characteristics in
advance of performing immunotherapy, which predict
ease of desensitization or risk of reactions. Alternative
strategies could then be used (e.g. more gradual dose
increases). In this respect, the dose threshold was not
helpful in predicting outcome. However, no subject with
a peanut serum-specific IgEo27.3 kU/L required altera-
tion to their immunotherapy dose (8/8), so an IgE below
this level may be associated with ease of immunotherapy.
Further, subjects who failed or could not attempt the final
peanut challenge had a significantly higher peanut-spe-
cific IgE than those who passed. These observations will
be examined prospectively in a larger trial of peanut OIT.

An interesting and unexpected observation was that in
the early stages of OIT, subjects often developed allergic
reactions following ingestion of a previously tolerated
dose, usually when an extrinsic factor was present. We
have named these REFs. The ‘extrinsic’ factors were
various, e.g. exercise within 2 h of a dose, excessive
tiredness, exposure to an inhalant allergen known to
cause respiratory symptoms (e.g. cat), infection and men-
struation (in one subject). Asthma did not appear to relate
to REFs but asthma was universally well controlled.
Although some of these factors were present for all
subjects at one time or another, this sensitivity was
apparent in only 12/22 (54%). Such reactions could
happen at any time during immunotherapy, but most
occurred during the first few months (median time to last
reaction was 3.7 months). Hence, it would seem that even
though subjects are initially desensitized, they are still

vulnerable and may react without warning when an
extrinsic factor is applied. Although it was not observed,
we are not excluding the possibility of loss of tolerance
without an external factor. With continued immunother-
apy beyond 6 months, this vulnerability reduces. We
hypothesize that in the early stages of OIT, participants
are partially desensitized and that the external factor
lowers the reactive threshold to a level below the daily
OIT dose, resulting in a clinical reaction. These reactions
are well recognized in conventional subcutaneous injec-
tion immunotherapy, e.g. during an intercurrent infection.
However, because OIT protocols require the allergen to be
administered every day at home, there is concern that
these reactions may occur when the patient is isolated
from immediate medical assistance. We used this informa-
tion to warn participants to avoid exercise after taking
doses and if unwell to temporarily reduce the immu-
notherapy dose. Further study of the effect of extrinsic
factors on tolerance of daily dosing is warranted. This
finding also has relevance to reactions occurring ‘in the
field’ in untreated patients. There is difficulty in predicting
which peanut allergic patients are at risk of severe allergic
reactions. It has been reported that some patients who
have died of peanut anaphylaxis may have only had mild
previous reactions [20]. While dose is a major influence on
severity of individual ‘field’ reactions, extrinsic factors
may also play a part.

It is likely that maintenance treatment will be required
for at least 2–3 years, as for other forms of immunother-
apy, before tolerance is achieved. It is not surprising that
stopping peanut immunotherapy after a median of only 9
months resulted in loss of tolerance for 80% of subjects in
the Blumchen study [16]. It may be possible to reduce OIT
frequency when peanut serum-specific IgE levels have
fallen to a low level but our study and others demonstrate
that reduction in IgE takes years to occur [14, 16]. In
addition, the ideal dose and frequency of ‘occasional’
peanut ingestion required to maintain tolerance to peanut
need to be defined by long-term follow-up studies.

We recommend that peanut OIT should only be at-
tempted as part of a clinical trial. There is a need to
explore this intervention in large definitive trials. Results
of larger randomized-controlled studies are required be-
fore this is accepted as a clinical treatment for peanut
allergy.

In summary, using a new high-dose immunotherapy
protocol with gradual dose increases we have shown that
OIT is well tolerated and effective in typical peanut
allergic patients, with improved outcome and acceptabil-
ity. New information on updosing, use of peanut IgE to
predict ease of desensitization and individualization of
treatment for ‘standard’ and ‘difficult to desensitize’ pa-
tients has been provided. We have also revealed interest-
ing safety data regarding reactions with extrinsic factors
during immunotherapy. Overall, we have demonstrated
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that it is possible to achieve an apparent 1000-fold
increase in median-tolerated dose of peanut protein using
OIT to treat children with peanut allergy.
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