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Abstract
Background: Sesame is a significant food allergen causing severe and even fatal reac-
tions. Given its increasing prevalence in western diet, sesame is listed as an allergenic 
food requiring labeling in the United States and EU. However, data on the population 
reaction doses to sesame are limited.
Methods: All sesame oral food challenges (OFCs), performed either for diagnosis or 
for threshold identification before the beginning of sesame oral immunotherapy (OIT) 
between November 2011 and July 2021 in Shamir medical center were analyzed for 
reaction threshold distribution. Safe-dose challenges with 90–120 min intervals were 
also analyzed.
Results: Two hundred and fifty patients underwent 338 positive OFCs, and additional 
158 safe-dose OFCs were performed. The discrete and cumulative protein amounts 
estimated to elicit an objective reaction in 1% (ED01) of the entire cohort (n = 250) 
were 0.8 mg (range 0.3–6.3) and 0.7 mg (range 0.1–7.1), respectively, and those for 5% 
of the population (ED05) were 3.4 mg (range 1.2–20.6) and 4.5 mg (range 1.2–28.8), 
respectively. Safe-dose OFCs showed similar values of ED01 (0.8, 0.4–7.5 mg) and 
ED05 (3.4, 1.2–22.9 mg). While doses of ≤1 mg sesame protein elicited oral pruritus in 
11.6% of the patients, no objective reaction was documented to this amount in any of 
the challenges, including safe-dose OFCs.
Conclusions: This study provides data on sesame reaction threshold distribution in 
the largest population of allergic patients studied, with no right or left censored data, 
and with validation using a safe-dose OFC. It further supports the current methods 
for ED determination as appropriate for establishing safety precautions for the food 
industry.
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1  |  INTRODUC TION

Verifying food safety for individuals with food allergy is becoming a 
significant concern for the food industry, and labeling of allergenic 
foods is required by law in many countries.1–3 The food industry 
often uses precautionary allergy labeling such as “may contain”, for 
fear of allergic reactions to minimal amounts of protein.4,5 However, 
this approach significantly restricts the variety of food products 
available for food allergic individuals. Risk-assessment approaches 
attempt to define doses which would elicit a reaction in 1% (ED01) 
and 5% (ED05) of the allergic population, with the assumption 
that the threshold for allergic reaction lies between a subjects' no 
observed adverse effect level (NOAEL) and his lowest observed 
adverse effect level (LOAEL).6,7 ED01 and ED05 values were de-
termined for the most common allergenic foods.8,9 However, many 
of these studies are limited by small sample sizes or by inclusion of 
OFCs whose protocol does not enable NOAEL and LOAEL deter-
mination.8,9 In addition, while most analyzed OFCs included dose 
increases with few minutes intervals, objective symptoms of an al-
lergic reaction may appear after a longer interval (median 55, range 
5–210 min).10,11 Although prospective studies for determination of 

threshold levels with dose intervals of up to 120 min, were also con-
ducted,12,13 those were performed for only a few allergens. Eliciting 
doses have been determined for 14 priority food allergens,8,9 but the 
level of information to substantiate these EDs is variable.14

Sesame is a significant food allergen, known to cause severe 
and even fatal allergic reactions, and which is becoming increasingly 
abundant in the Western diet.15–17 Its labeling is required by the Eu-
ropean Union (EU) and by other countries.18 On April 23, 2021, the 
Food Allergy Safety, Treatment, Education, and Research (FASTER) 
Act was signed into law, declaring sesame as the 9th major food 
allergen recognized by the United States. As a result, starting Jan-
uary 1, 2023, labeling of sesame as an allergen is required in the 
United States.19 To date, data on reaction thresholds to sesame is 
derived from small samples.20–29 In addition, significant variability 
exists between published protocols of sesame OFCs. These include 
the use of different sesame products, some with unclear protein 
content,21–23,27–29 inability to determine NOAEL due to reactions to 
the first (high) dose (“left censor” error),20–24 inability to determine 
LOAEL, due to the use of subjective criteria to terminate OFCs (“right 
censor” error),10,21 and the use of populations who are restricted 
in age and in food allergy severity.20,24–28 None of the published 

G R A P H I C A L  A B S T R A C T
Two hundred and fifty patients underwent sesame OFCs (diagnostic, n = 127; pre-OIT, n = 123). Safe-dose (based on identified SHTD) 
challenges with 90–120 min intervals were analyzed in a subgroup of 158 patients. The discrete ED01 and ED05 of the entire cohort 
were 0.8 mg and 3.4 mg, respectively, and estimated values of discrete ED01 and ED05 from safe-dose OFCs were similar. Importantly, no 
objective reaction was documented to a dose of ≤1 mg sesame protein. 
Abbreviations: ED01/05, eliciting dose in 1% and 5% of patients, respectively; OFC, oral food challenge; OIT, oral immunotherapy; SHTD, 
single highest tolerated dose; Min, minutes.
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sesame OFCs included sufficiently long intervals between doses to 
ensure accurate determination of a safe dose, and overall, reliable 
information regarding sesame eliciting dose is limited.30 An analysis 
combining 246 OFCs from 11 different studies was recently pub-
lished in attempt to overcome these limitations. The discrete ED01 
and ED05 were 0.2 mg and 2.4 mg, respectively.31 When excluding 
studies with significant left censors, the ED01 and ED05 in the re-
maining 172 patients were higher, 0.4 mg and 3.4 mg, respectively.31

The current study aims to provide information regarding reaction 
thresholds to sesame in the largest population studied thus far with 
no left or right censors, and to verify the results using a safe-dose 
challenge.

2  |  METHODS

This is a retrospective study, based on analysis of information that 
was drawn from previous studies and clinical practice database. The 
protocols used for OFCs were a priori designed to enable the analy-
sis of reaction thresholds.

2.1  |  Patients

All patients who underwent a sesame OFC, either diagnostic 
(diagnostic-OFC), or for threshold identification before the begin-
ning of sesame-OIT (OIT-OFC) between November 2011 and July 
2021 in the Institute of Allergy, Immunology and Pediatric Pulmo-
nology at Shamir (formerly Assaf-Harofeh) medical center were in-
cluded. Helsinki committee approval for review and publication of 
the data was obtained. Patients underwent a diagnostic-OFC if the 
history of allergic reaction to sesame was equivocal, or if they had 
no allergic reaction to sesame within the last year. A high Skin prick 
tests (SPT) wheal size alone was not sufficient to diagnose sesame 
allergy. Only patients ≥3.7 y/o were eligible for sesame-OIT while 
there was no age limitation for diagnostic-OFC. Patients' evaluation 
included a comprehensive general medical history as well as previ-
ous reactions to sesame. SPT for house dust mite and for sesame 
were performed. Due to the high rate of false negative results 
obtained using commercial SPT extracts, a validated high protein 
(100 mg/mL) sesame extract (HPSE) was used for SPT, as previously 
described.32–34 All patients aged ≥5 years underwent spirometry 
(Minispir, Mir, Rafamedical, Yavne, Israel), with or without a bron-
chodilator, before OFC. Patients with any concurrent illness or with 
uncontrolled asthma were not challenged, and those with active eo-
sinophilic gastrointestinal or autoimmune diseases were excluded 
from OIT. Patients with past severe anaphylactic reactions were not 
excluded from both diagnostic-OFC or OIT-OFC.

2.2  |  Sesame challenge protocols

The diagnostic-OFC protocol, included a single day with nine in-
creasing doses and gradually increasing intervals from 15 to 60 min 

(Table S1). For technical reasons, the diagnostic-OFC protocol un-
derwent a slight change in 2017 where the first two doses changed 
from 0.3 and 3 mg protein to 0.1 and 5 mg protein, respectively. 
Doses of less than 240 mg sesame protein were prepared from 
a low-fat, high protein (46%) sesame flour (Sukrin) which was dis-
solved in water to a concentration of 100 mg/mL of protein.33,34 The 
low-fat content reduces the risk of delayed absorption and late reac-
tions during OIT. Doses of 240–4000 mg protein were given as raw 
Tahini, containing 100% sesame. The OIT-OFC was performed in 
clinic and spanned over the first 2–3 days of OIT to determine each 
patients' single highest tolerated dose, SHTD,32 (Table S2, Days 1–
3). This protocol included longer time intervals between doses, so 
that a maximal dose of 120 mg sesame protein was initially reached 
on the first day. The second day served to reach the highest dose 
of 4800 mg. This protocol also underwent a modification in 2017 
where the maximal dose reached on the first day was 40 mg, on the 
second day 240 mg, and the third day served to reach the highest 
dose. This protocol adjustment was intended to improve patient 
safety. While in the initial protocol dose escalation on the first day 
was of higher magnitude and 2–3 days were required to accurately 
determine NOAEL and LOAEL, the new protocol included modest 
dose escalation, especially on the first day, and the NOAEL and 
LOAEL were typically identified in 1–2 days, with milder reactions. 
Both protocols eventually led to accurate identification of patients' 
eliciting dose. Patients who reached the highest dose with no re-
action were classified as nonallergic and were excluded from OIT 
and from this study. In case of a reaction, the protocol on the fol-
lowing days included gradual administration of the doses to which 
there was no reaction. Afterwards, a final challenge day (Table S2, 
Day 4) which included two repeated administrations of the previous 
days' NOAEL dose with long time intervals, 90–120 min, for mini-
mizing the risk of dose accumulation, was performed. This challenge 
was designated to validate the safety of patients' SHTD. Patients 
who reacted to doses >240 mg protein were finally challenged to a 
maximal dose of 240 mg as this was the highest starting dose of the 
treatment for safety reasons. Patients were then guided to take the 
determined SHTD daily at home. All OFCs were performed under 
medical supervision and an accurate documentation of the protein 
amount and of the timing of dose administration, timing and type of 
subjective and objective symptoms, and treatments given, was per-
formed throughout the OFCs.35 Allergic reactions during OFCs were 
analyzed according to CoFAR grading version 3.0 scale for systemic 
allergic reactions in food allergy.36 Contact urticaria was categorized 
as a subjective symptom in the analysis. For both diagnostic-OFC 
and OIT-OFC protocols, all objective signs and symptoms (except for 
contact urticaria), and persistent (more than 15 min) or severe ab-
dominal pain, were considered as a reaction, treated accordingly, and 
led to cessation of the challenge. In the case of subjective symptoms, 
and transient mild or moderate abdominal pain, the next dose was 
postponed, until symptoms resolved, but such symptoms were not 
an indication to stop dose increases.

Patients remained under medical supervision for at least 90 min 
after either the last uneventful dose administration, or symptoms 
relief in case of a reaction.
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2.3  |  Data collection and statistical analysis

NOAEL and LOAEL values obtained, according to previously pub-
lished methodology,37 from both diagnostic-OFC and OIT-OFC were 
identified and analyzed. In addition, for each individual who have 
undergone OIT, the single highest tolerated dose (SHTD) at the be-
ginning of OIT, was determined. The final challenges confirming the 
SHTD for each patient were analyzed as safe-dose OFCs. Results 
of diagnostic-OFC and of OIT-OFC were analyzed separately and 
in combination. For patients with >1 positive challenge, either >1 
diagnostic-OFC, or a diagnostic-OFC and an OIT-OFC challenge, 
only the first challenge was included in the statistical analysis. For 
patients who reacted both in the first and the second OIT-OFC days, 

only the NOAEL and the LOAEL identified on the second day were 
included in the analysis. The data were analyzed utilizing Bayesian 
stacked parametric survival methods with frailty components and 
interval-censored failure times developed by Wheeler et al., 2021.38 
This approach combines five parametric survival distributions 
(Weibull, Log-Gaussian (or Log-Normal), Log-Logistic, Generalized 
Pareto, and Log-Laplace (or Log-Double-Exponential) into a single 
model averaging threshold-dose distribution curve that was used to 
determine population ED values on the basis of both discrete dos-
ing and cumulative dosing. Further details of the methodology and 
the applied software can be found in Remington et al. and Wheeler 
et al.8,38 Chi test and the Mann Whitney test were used to compare 
categorical and numerical variables, respectively, between groups.

3  |  RESULTS

3.1  |  Reaction thresholds in the entire population

Threshold dose distributions for the entire cohort were calculated 
for 250 patients who underwent a diagnostic-OFC or an OIT-OFC. 
Median age was 6.9 years, most were males and nearly half were 
asthmatics (Table  1). A diagnostic-OFC was performed in 140 pa-
tients, but 13 had insufficient information, and the remainder 127 
patients were included in the threshold analysis. OIT-OFCs were 
performed in 123 patients during the study period (additional 27 
OIT-OFCs performed following a diagnostic-OFC were not included 
in the threshold analysis). The characteristics of diagnostic-OFC 
and OIT-OFC patients are detailed in Table  S3. The eliciting dose 
distribution curves of the entire population, using the model aver-
aging method, for discrete and cumulative values, are presented 

TA B L E  1  Characteristics of the study population and of the 158 
patients of them who were also challenged according to the safe-
dose protocol.

Parameter All patients (n = 250)
Safe-dose OFC 
(n = 158)

Age, yearsa 6.9 (4.9–11.2), 
[0.6–40.7]

7.5 (5.9–10.8), 
[3.9–27.1]

Male gender 167 (63.7%) 99 (62.6%)

SPT wheal size (mm) 5 (4–7), [0–21] 5 (4–7), [0–21]

SPT extract wheal 
size (mm)a

8 (6–11), [1–28] 8 (6–12), [1–28]

Past epinephrine 
for reaction to 
sesame

59 (22.5%) 51 (32.3%)

Asthma 118 (45%) 77 (48.7%)

Atopic dermatitis 162 (61.8) 112 (70.9%)

a median (IQR) [Range].

F I G U R E  1  Model average threshold distribution curves for objective symptoms in the study population, based on the discrete (A) and 
cumulative (B) doses of protein. The total dataset is separated into the diagnostic-OFC (blue Kaplan–Meier curve, n = 127) and OIT-OFC 
(orange Kaplan–Meier curve, n = 123) subgroups.
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in Figure  1A,B, respectively. The discrete and cumulative protein 
amounts estimated to elicit an objective reaction in 1% of the popu-
lation, ED01, were 0.8 mg (range 0.3–6.3) and 0.7 mg (range 0.1–7.1), 
respectively, and those for 5% of the population, ED05, were 3.4 mg 
(range 1.2–20.6) and 4.5 mg (range 1.2–28.8), respectively (Table 2).

We next examined whether patients' background parameters, 
including age at OFC day, gender, asthma, atopic dermatitis and al-
lergy to multiple foods, or parameters of allergy severity, including 
SPT wheal size and a history of previous epinephrine treated re-
actions to sesame affect the threshold of reaction to sesame (Fig-
ure S1). None of these parameters was found to significantly impact 
reaction thresholds. However, comparison of the two OFC groups 
showed that reactions were elicited by significantly lower median 
doses during OIT- compared to diagnostic-OFCs (Table  3). The 
threshold distribution curves of the individual OFC groups also show 
that the OIT population generally reacted at lower doses (Figure S2). 

However, the confidence intervals of both threshold distribution 
curves show a great overlap, indicating that the differences are not 
statistically significant. Importantly, the lowest doses eliciting objec-
tive reactions was similar in the two groups (3 mg in the diagnostic- 
and 2.5 mg in the OIT-OFC group).

Twenty-four patients had two positive diagnostic-OFCs, ad-
ditional four patients had three, and one patient had four positive 
diagnostic-OFCs to sesame during the study period. Repeated OFCs 
were typically performed for identification of spontaneous recov-
ery. Naturally, in the case of recovery, negative OFCs were not 
included in the analyses. Twenty-three patients had an OIT-OFC 
following a diagnostic-OFC and additional four were challenged by 
OIT-OFC after two diagnostic-OFCs. Time intervals between each 
two adjacent challenges varied between 6 months and 6 years. Over-
all, there were 46 patients with two, eight patients with three, and 
one patient with four OFC positive results (Figure S3). While the size 

ED value

All patients (n = 250) Safe-dose OFC (n = 158)

Discrete doses (mg 
protein)

Cumulative doses (mg 
protein)

Discrete doses (mg 
protein)

01 0.8 (0.3–6.3) 0.7 (0.1–7.1) 0.8 (0.4–7.5)

05 3.4 (1.2–20.6) 4.5 (1.2–28.8) 3.4 (1.2–22.9)

10 7.0 (2.3–39.0) 10.5 (3.1–66.2) 6.9 (2.2–41.6)

25 23.3 (6.6–114.2) 39.8 (11.1–266.3) 21.7 (6.1–112.9)

50 86.3 (21.7–374.6) 167.0 (39.9–1060) 76.1 (18.7–343.6)

TA B L E  2  Estimated eliciting doses 
for objective symptoms in sesame for 
the entire population (n = 250) and for 
the patients challenged for safe-dose 
verification.

Outcome
Diagnostic-OFC 
(n = 127) OIT-OFC (n = 150b)

SAFE-OFC 
(n = 158)

Objective reaction dose
Discrete (mg protein)
Median, IQR
Mean, range

240, 60–480
596.2, 3–4000

60, 30–120
380.9, 2.5–4080

No objective 
reaction

Objective reaction dose- 
cumulative (mg protein)

Median, IQR
Mean, range

348.3, 85–992
954.6, 3.3–5828

127, 30–300
727, 4.1–7680

No objective 
reaction

Subjective reaction dose- 
discrete (mg protein)

Median, IQR
Mean, range

20, 5–60
50.22, 0.1–480

10, 1–40
84.15, 0.1–1920

30, 10–80
79.7, 0.5–1000

Subjective reaction dose- 
cumulative (mg protein)

Median, IQR
Mean, range

25, 5–65
79.9, 0.1–833

19.1, 1.6–40136.2, 
0.1–3100

75, 10–200
105, 0.6–1500

Time from OIT start to 
subjective symptoms 
(min)

Median, range

22, 0–193 19, 0–194 0, 0–185

Time between subjective 
and objective symptoms 
(min) Median, range

100, 18–327 126, 26–312 No objective 
symptoms

a Subjective symptoms were present in 63 (50.4%) diagnostic-OFCs, 77 (52%) OIT- OFCs and 31 
(19.5%) safe-dose OFCs.
b OIT-OFCs performed after a diagnostic-OFC are also included.

TA B L E  3  Objective and subjectivea 
sesame reaction thresholds in study 
patients.
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of this group does not enable to draw firm conclusions, ~50% of the 
patients who remained with sesame allergy experienced an increase 
in the reaction threshold of up to 17-fold and ~ 50% had a decreased 
reaction threshold of up to 43-fold over time. The individual log-fold 
change in the threshold was between −1.6 and 1.2, but when con-
sidering all patients together, the log-fold change was practically 0.

Overall, a total of 324 positive OFCs (155 diagnostic- and 169 
OIT-OFCs) and additional 158 safe-dose challenges were per-
formed during the study period. Information regarding reactions' 
grading, organ system involved and treatment provided are detailed 
in Table S4. Most reactions were mild (grade I-II) in both diagnostic-
OFCs and OIT-OFCs, which were performed by the same medical 
staff, but the former required more epinephrine treatments. In ad-
dition, the rate of reactions involving the skin and the respiratory 
tract was significantly higher, and the rate of those involving gastro-
intestinal symptoms was significantly lower in the diagnostic-OFC, 
comparing to OIT-OFC (p = .01, p = .032, p = .006 respectively).

3.2  |  Reaction threshold to safe-dose OFCs

A total of 158 patients underwent a safe-dose challenge and their 
characteristics are detailed in Table 1. In the case of 13 patients, OIT 
was initiated shortly after a diagnostic-OFC which provided us with 
an estimated threshold. The safe dose was examined and verified 
according to the results of this OFC. The analysis of the threshold 
distribution according to safe-dose OFCs was performed separately 
for these 13 patients and for the other 145 patients (Figure 2). Spe-
cific EDs that were extrapolated from the model are listed in Table 2. 

Both the ED01 (0.8 mg, 0.4–7.5), and the ED05 (3.4 mg, 1.2–22.9) of 
all 158 patients who underwent a safe-dose challenge were compa-
rable to the entire cohort of 250 patients. The safe dose was 1 mg in 
100% and 2.5 mg in 95% of the safe-dose OFCs (Table 4).

3.3  |  Subjective symptoms during oral 
food challenges

Subjective symptoms were not a reason for OFC termination but 
could lead to prolongation of the dosing interval.35 The rate of such 
symptoms was similar in diagnostic-OFC (50.4%) and OIT-OFC 
(52%) but significantly lower (19.5%) during safe-dose challenges. 
Oral symptoms were the most frequent subjective symptoms in 
all types of OFCs followed by transient gastrointestinal symptoms 
(Table  S5). Discrete median (IQR) doses eliciting subjective symp-
toms were 20 mg (5–60) for diagnostic-, 10 mg (1–40) for OIT-, and 
30 mg (10–80) for safe-OFCs (Table  3). In comparison, the doses 
eliciting objective symptoms were significantly higher, median (IQR) 
240 mg (60–480) for diagnostic- compared to 60 (30–120) for OIT-
OFC (Table 3). The median (range) time interval between subjective 
symptoms and objective signs was 100 min (18–327) and 126 min 
(26–312) for diagnostic-OFCs and OIT-OFCs, respectively.

Of the 250 patients studied, 27 (10.8%) reported subjective 
symptoms to doses ≤1 mg sesame protein during 29 OFCs (six during 
diagnostic-OFC, 20 during OIT-OFC, and three during safe-dose 
OFCs). (Table  S6). All reported symptoms consisted of oral pruri-
tus. In 23 of the 29 cases, the symptoms disappeared within a few 
minutes and the following dose was administered without delay, in 
five cases there was a delay of up to 10 min in administration of the 
following dose, and in a single case a significant interval of 66 min 
was documented, likely reflecting a technical error. The doses that 
elicited objective symptoms during the same challenges were sig-
nificantly higher (5–800 times), and there was no objective reaction 
in any of the challenges, including the safe-dose OFCs, to a dose of 
≤1 mg sesame protein (Table 3).

4  |  DISCUSSION

The current study presents distribution curves of reaction thresh-
olds to sesame using the largest population with no left censors 

F I G U R E  2  Model average threshold distribution curve for 
objective symptoms in the sesame “safe-dose” group. The total 
dataset is separated into patients challenged for “safe dose” shortly 
after a diagnostic-OFC (blue Kaplan–Meier curve, n = 13) and those 
challenged after an OIT-OFC (orange Kaplan–Meier curve, n = 145) 
subgroups.

TA B L E  4  Actual doses verified as safe among the 158 patients 
who were challenged by the sesame safe-dose OFCs.

Safe dose, SD, in a percentage of the population
Sesame mg 
protein

SD 100 1 mg

SD 95 2.5 mg

SD 90 5 mg

SD 75 10 mg

SD 50 40 mg
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studied thus far. It also confirms the results by using a safe-dose OFC 
protocol with long intervals between doses. This study adds impor-
tant information to the growing data on sesame thresholds and its 
results could assist in determining sesame safe doses for risk man-
agement across the food industry and supply chain.

The recent addition of sesame to the list of allergenic foods which 
require labeling in the United States, has prompted the need for reli-
able information on sesame reaction threshold at a population level. 
However, most of these studies are limited by small sample sizes (up 
to 40 patients), inclusion of OFCs with right (subjective symptoms) 
or left (reaction to the first dose) censors, and the accurate protein 
amount is not always specified. Turner et al31 have combined data on 
246 sesame OFCs from 11 studies and found that the discrete ED01 
and ED05 were 0.2 mg and 2.4 mg, respectively, and that the cumu-
lative ED01 and ED05 were 0.2 mg and 2.5 mg, respectively. Limit-
ing the analysis to double-blind placebo-controlled food challenges 
(DBPCFCs) only did not significantly change the results,31 support-
ing the use of open OFCs in this type of studies. However, analyz-
ing data from 172 OFCs, after excluding studies with significant left 
censoring, nearly doubled the threshold to 0.4 mg and 3.8 mg for dis-
crete ED01 and ED05, respectively, and to 0.4 mg and 4.2 mg for cu-
mulative ED01 and ED05, respectivly. Our study involved the largest 
population (250 OFCs) without censoring. The protocols included 
low starting and high maximal doses, all doses had accurate protein 
content, and the diagnosis was based on objective symptoms or pro-
longed abdominal pain only. In addition, high-risk patients were in-
cluded and challenged as well. The levels of ED01 and ED05 for both 
discrete (0.8 mg and 3.4 mg, respectively) and cumulative (0.7 mg and 
4.5 mg, respectively) doses are comparable to the study by Turner 
et al, after the removal of the studies with a significant number of 
left censors,31 supporting the validity of the data.

Oral immunotherapy (OIT) for food allergy is performed, in 
recent years, in a growing number of centers, using various proto-
cols.39 Some OIT programs require a positive OFC before starting 
treatment, thereby providing information on eliciting doses in their 
patients. The OIT protocol at Shamir Medical Center explores pa-
tients' eliciting doses and individualized highest tolerated dose at 
the beginning of treatment, and is different from the protocol used 
for a diagnostic-OFC.32 We found lower EDs in OIT- compared to 
diagnostic-OFCs. The 123 patients whose OIT-OFCs were ana-
lyzed had characteristics of a more severe food allergy (older age, 
increased atopic traits, higher SPT levels to sesame, and significantly 
more previous epinephrine-treated reactions to sesame) compared 
to the 127 diagnostic-OFC group, and this may account for the lower 
EDs observed in these patients. Of note, the additional analysis we 
performed, showed that the ED is not affected by any parameter 
(demographic or clinical). The differences in EDs could also poten-
tially reflect the different OFC protocols. However, the lowest doses 
eliciting reactions were comparable between the two groups, sup-
porting the concept that differences in protocols are covered by ran-
dom effects in the model averaging method.

This study also provides an opportunity to evaluate the eliciting 
doses in 158 patients who underwent specialized safe-dose OFCs, 

the importance of which lies in complete elimination of the effect 
of dosing intervals and dose accumulation. This is primarily import-
ant for establishing a valid ED05, as the recent Ad hoc Joint FAO/
WHO Expert Consultation on Risk Assessment of Food Allergens30 
suggested that the safety objective ED would be met by starting 
the definition of range of envisioned Reference Doses (RfD) at the 
ED05 and rounding its values down to one significant figure. A RfD 
of 2.0 mg sesame protein was recommended by the FAO/WHO Ex-
pert Consultation30 which matches well with the ED05's found in 
our study and the study from Turner et al.31

Previous studies found a higher ED05 in safe-dose OFCs com-
pared to the estimated value obtained by analysis of diagnostic-
OFCs,12,13 likely due to left censoring in the latter. This is further 
supported by the study of Turner et al showing a discrete ED05 of 
2.4 mg with left censors and of 3.8 mg when studies with significant 
left censors were excluded.31 The ED05 derived from our analysis 
of safe-dose OFCs and diagnostic-OFCs, which had no left censors, 
were comparable. Together, this data suggests that data generated 
by diagnostic and OIT-OFCs provide a validated population ED05 
that can be used for risk assessment and risk management purposes 
in the food industry, and further optimization can be achieved by 
minimizing left censors. The safe-dose OFCs also provide data, not 
only on estimated reaction doses but also on actual safe doses in the 
population. All 158 patients who underwent a safe-dose OFC (202 
patients, updated for 12/2022) could tolerate ≤1 mg sesame protein 
and 95% could tolerate a dose of 2.5 mg.

Subjective symptoms, although not necessarily indicating an ac-
tual reaction,35,40 may be stressful. Naturally, it is of interest for the 
food industry not only to verify food safety but also a perception 
of safety for the customers.41 In this study, there was no safe dose 
in terms of subjective symptoms as 27 patients reported subjective 
symptoms to doses ≤1 mg sesame protein. Importantly, subjective 
symptoms to <1 mg sesame protein were experienced by only 10% 
of patients, and the symptoms were restricted to the oral cavity, 
and were mild and short-lived. Of note, these patients underwent 
open OFCs and were therefore aware that they were consuming the 
allergenic food.42 Also, the doses contained sesame protein alone 
without any food matrix which might mask the oral discomfort. It 
can be assumed that in real life, the presence of food matrix and the 
blinding to the presence of the allergen, would reduce the frequency 
for subjective symptoms to minimal doses.

This study had several limitations. First, it represents only an 
Israeli population, which is unique in its exposure to Mediterra-
nean diet including sesame, and might not apply for other popu-
lations. However, the fact that the ED values obtained here are in 
agreement to the values reported in other populations, is reassur-
ing. Second, this study does not include DBPCFC, although as dis-
cussed, open challenges were shown to reliably reflect threshold 
distributions for milk at a population level.13 Third, although this 
study includes a large number of patients, a precise estimation of 
ED01 values is limited, because even with 250 patients only two or 
three patients are expected to react at the ED01 level, which was 
not the case in our study. Another potential limitation is potential 
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acquisition of tolerance during several days of OIT-OFCs. This risk 
is minimized by the fact that OIT-OFCs are characterized by large 
intervals between doses, and that the final safe dose is confirmed 
on a separate day. Also, the use of a low-fat sesame flower could 
have impacted the ED estimation due to lower quantity of oleosins. 
However, as the storage protein ses i 1 is considered the main ses-
ame allergen,43 in oppose to oleosins which were demonstrated as 
minor allergens,44 this effect is likely negligible. Finally, safe doses 
were analyzed in patients older than 3.7 y/o only, as this was the 
age limit for starting OIT. An older age was previously shown to 
pose a higher risk of a low cumulative threshold dose of an allergic 
reaction.45 Thus, inclusion of younger children might have resulted 
in higher thresholds.

In summary, this study provides information regarding both the 
reaction thresholds and the safe doses of sesame in a large group of 
allergic patients. These results provide additional support regarding 
the effectiveness of current research methods in the evaluation of 
reaction thresholds for allergenic foods, as well as important data 
for the risk assessment and risk management of sesame within food 
business operations.
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