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INTRODUCTION 
 
In an article reviewing the status of gastrointestinal allergy in the New England Journal of Medicine in 
1949, Ingelfinger et al[1] decried the reliance on patients’ ‘‘incrimination’’ of specific foods, outcome of 
trial diets, or association of abdominal complaints with symptoms believed to be allergic in making the 
diagnosis of food allergy. These authors did not doubt that food allergy existed but believed that the 
criteria used to diagnose food allergy were unacceptable. They proposed the following criteria: (1) food 
should be given in capsules, by stomach tube, or in such a manner that the patient is unaware of its 
nature; (2) reproducible symptoms should consistently follow administration of the disguised food at a 
more or less constant interval; (3) other foods given to the patient in the same manner should not 
produce similar changes; and (4) suspected foods given in the same manner to nonallergic healthy 
subjects should not cause the observed symptoms. One year later, Mary Loveless, a New York allergist, 
published 3 articles outlining the use of blind, placebocontrolled oral food challenges to demonstrate 
that the practice of the day for diagnosing food allergy (ie, elimination diets and open feedings) 
inadequately accounted for confounding factors.[2-4] Dr Loveless called for ‘‘the introduction of 
controlled, objective methods to the study of food allergy,’’ but her appeal went largely unnoticed for 
more than 10 years until A. S. Goldman and his colleagues published a series of articles describing their 
evaluation of children with milk allergy. In this series of 89 children, the authors accepted a diagnosis of 
milk allergy when the children met the following criteria[5-7]: (1) the patient had to experience 
resolution of symptoms when milk was eliminated from the diet and (2) presenting symptoms had to be 
replicated on 3 occasions when milk was added back to the diet, preferably in a blinded fashion. 
However, it was not until 1976, when Charles May published his seminal article,8 that the allergy 
community began to accept the need for double-blind, placebo-controlled food challenges (DBPCFCs), 
which became known as the gold standard, to accurately diagnose food allergy. In his article May 
stressed that a negative challenge result had to be followed up with an open feeding of the challenged 
food prepared in the usual way and given in a normal proportion at a later time point before a patient 
could be defined as nonallergic. This was to ensure that the use of dehydrated powdered foods, as 
advocated for use in challenges by May, did not alter the allergenicity of the food and that the use of 
progressively increasing doses did not lead to the theoretic ‘‘rapid desensitization’’ of the patient, 
resulting in a ‘‘false-negative’’ challenge. The latter recently was shown to be a real concern by 
Niggemann et al [9] when using lower initiating doses, semilogarithmic dose increases, and more 
prolonged periods between doses, as advocated by some investigators. Overall, 13% of negative 
incremental challenge results were subsequently found to be positive when given as a cumulative dose 
compared with 1% to 3% reported by American investigators.[10]  
 
A number of expert panels from various organizations have published consensus documents on the 
appropriate diagnosis of food allergies. Recently, the National Institutes of Health–sponsored expert 
panel ‘‘Guidelines for the diagnosis and management of food allergy,’’ reaffirmed the utility of the 
DBPCFC for diagnosing food allergy after an extensive review of the current literature.[11] However, 
the expert panel noted that open or singleblind challenges could also be acceptable when the challenge 
outcome is negative or when objective symptoms are elicited that exactly recapitulate the history of the 
reaction. This is in agreement with an algorithm proposed by Niggemann and Beyer,[12] as shown in 
Fig 1. Although most authorities agree that the DBPCFC is the gold standard, there is yet to be universal 
standardization of the challenge procedure and its interpretation. Both the European Academy of 
Allergology and Clinical Immunology [13] and the American Academy of Asthma, Allergy & 
Immunology [14] have published opinion papers on the standardization of oral food challenges (OFCs).  
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In October 2008, a number of food allergy experts from the European Academy of Allergology and 
Clinical Immunology and the American Academy of Asthma, Allergy & Immunology met to develop a 
consensus document on the conduct and interpretation of the DBPCFC. Members of both academies 
realized the need to develop an international standard that would advance the field by facilitating our 
ability to compare studies involving diagnosis, natural history, and therapeutic trials in food allergy done 
around the world.  
 
In the sections that follow, the authors have summarized various aspects of the OFC that were 
considered. Although this consensus document was meant to provide a standard approach for 
researchers in the field, most sections are equally applicable to the clinician in practice. Safety was 
considered paramount in these discussions. The risks and benefits of performing food challenges must 
be considered, including the appropriate setting for conducting the challenge and the expertise of those 
administering the challenge. Considerable discussion was directed at the appropriate prescreening and 
preparation of the patient undergoing the DBPCFC; the prechallenge and intrachallenge assessment, 
including how to deal with subjective symptoms, parameters to follow, and what objective symptoms 
constitute a positive challenge; and how outcomes should be reported.  
With the increasing number of immunotherapeutic trials for food allergy being conducted around the 
world and the pivotal role that the DBPCFC plays in interpreting the outcomes of these trials, it is 
imperative that investigators use a standardized approach. Regulatory agencies, such as the European 
Medical Agency and the US Food and Drug Administration, are increasingly demanding more stringent 
standards for the conduct of these studies, and therefore it is critically important that the 
allergy/immunology community provides input into the best practices for generation of these standard 
operating procedures. It will also be important for the allergy/immunology community to stress the 
importance of including all age groups in these clinical trials, especially younger children, who are more 
frequently affected by food allergies.  
 

 
  



4 
 

PRECHALLENGE ASSESSMENT  
 
Before undertaking a DBPCFC, the patient or research subject should be avoiding the food to be 
challenged and have attained a stable baseline with regard to atopic disease. The length of time required 
for chronic disease to improve on an elimination diet can vary by disease and individual patient, but at 
least 2 weeks is suggested. For safety considerations, the clinician should be aware that prolonged 
elimination of a food to which IgE is detectable might occasionally be associated with acute severe 
reactions on reintroduction.[15,16] Challenges are preferably performed on an empty stomach, although 
age and practical issues might require compromises to allow liquids or light nonfatty snacks. The 
following additional prechallenge assessments and considerations should be reviewed in deciding on 
selection of patients/research participants and for decisions regarding proceeding with administering a 
DBPCFC to increase the safety and accuracy of the DBPCFC:  
 

1. Atopic disease that might interfere with assessment. Patients should not be challenged if they are 
experiencing unstable or exacerbated atopic disease, such as asthma, atopic dermatitis (AD), 
urticaria, or allergic rhinitis. Chronic atopic disease symptoms (eg, rhinitis, AD, and asthma) 
should be stable and defined as controlled/mild as possible before challenge. Challenges should 
be deferred for acute infections that might interfere with challenge interpretation.  

 
2. Diseases and conditions that might affect safety. Patients should not be challenged if they have 

chronic medical conditions that would pose a significant health threat in the event of 
anaphylaxis/treatment of anaphylaxis. Examples of such conditions include unstable angina 
pectoris, cardiac disease or dysrhythmias, severe chronic lung disease, and pregnancy. Pregnancy 
should be ruled out by testing or based on history (eg, before menarche or after menopause), as 
appropriate.  

 
3. Medications that might interfere with assessment or affect safety. Antihistamines and 

medications with antihistaminic properties can mask symptoms and should be avoided for a 
period of 5 half-lives of the specific agent. Inhaled and topical steroids or anti-inflammatory 
medications, such as calcineurin inhibitors or leukotriene antagonists and b-agonists, used at the 
lowest doses possible and on an established schedule by using fixed doses of medication to 
maintain a low and stable baseline of atopic disease can usually be continued because their use is 
unlikely to significantly influence challenge outcomes and their withdrawal might result in 
exacerbations, affecting disease management and challenge interpretation.  

 
Patients should not be challenged proximate to treatment with systemic steroids (eg, within 7-14 days) 
because disease rebound might confound the interpretation of the food challenge result. Prolonged high-
dose steroids, omalizumab, or possibly other new drugs to control atopic disease are likely to modify 
challenge outcomes and should be avoided. Aspirin/nonsteroidal antiinflammatory drugs, angiotensin-
converting enzyme inhibitors, alcohol, and antacids can act as eliciting factors that increase reactivity in 
susceptible patients.[17] b-Blockers can pose safety concerns if epinephrine is required for 
treatment.[18]  
 
PRECHALLENGE ASSESSMENT: SURROGATE PARAMETERS 
 
Because food challenges are time-consuming and not always without risk to the patient, much focus has 
been given to other diagnostic procedures aimed at reducing the need for food challenges. Among these 
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are case history, skin prick testing, measurement of specific IgE levels to the food or components in the 
food in question, and atopy patch testing. Much effort has been invested in trying to establish standards 
for the size of skin prick test (SPT) responses, the level of specific IgE, or both to food proteins above 
which the probability of a positive outcome of a food challenge would exceed 95% (decision point). 
Decision points have been established for various foods (milk, egg, peanut, and hazelnut) in various 
patient groups, but thus far, no common values have been accepted.  
 
Case history 
 
Only in very clear-cut cases of an acute severe reaction to a specific single food can the patient’s case 
history substitute for challenge.[19-21] In most cases the incidence of self-reported adverse reactions to 
food exceeds the challenge-proved incidence by up to a factor of 10.[13,22-25] Furthermore, in cases of 
delayed reactions to foods, case history is rarely of clinical relevance.[26]   
 
Skin prick testing 
  
SPTs can be performed either with commercial extracts or with fresh foods.[27-30] The sensitivity and 
specificity varies between extracts, and direct comparisons between different reports are therefore 
difficult. In the most positive reports [31] the specificity of a positive SPT response compared with 
challenge outcome is 100%, but this is achieved at the expense of sensitivity because in the studies by 
Sporik et al,[31] positive challenge outcomes were seen in patients with negative SPT responses. 
Normally, the use of fresh extracts has a higher sensitivity than the use of commercial extracts, but the 
opposite has also been demonstrated. [28,30] There are major differences between different foods, as 
demonstrated by Verstege et al, [29] who established decision points for milk and egg in a cohort of 
children but failed to do so with wheat and soy.  
 
In addition, attempts have been made to increase the diagnostic accuracy by using single allergenic 
proteins, such as casein in milk [32]: the sensitivity of SPTs with fresh milk was superior to the 
individual components, whereas the specificity of SPTs could be improved by skin testing with purified 
casein in a cohort of children with milk allergy. Another attempt to increase diagnostic performance has 
recently been published by Tripodi et al[30] using titrated SPTs to predict the outcome of egg challenges 
in children: here SPTs with serial dilutions of the allergen extract significantly increased the diagnostic 
accuracy up to 99%.  
 
Allergenic cross-reactions (caused by common allergenic epitopes present in various related or unrelated 
foods and pollens) might play a role in the evaluation of a positive SPT response (or serum IgE 
measurement), as demonstrated in a cohort of young patients with grass pollen allergy in which a 
number were also found to have positive results to peanut without clinical relevance.[33] On the other 
hand, panallergens, such as profilin, were recently suggested to increase diagnostic accuracy by using 
SPTs with the recombinant protein.[34]  
 
Allergen-specific IgE 
 
Only in very selected cases, such as the presence of IgE against v-5 gliadin in patients with food-
dependent, exercise-induced anaphylaxis, does the presence of measurable levels of specific IgE to a 
food establish a diagnosis of food allergy.[35] Quantification of v-5 gliadin in patients with wheat 
allergy without fooddependent, exercise-induced anaphylaxis has not been found to be so specific.[36]  
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Decision points predicting a positive outcome of a food challenge have been investigated in several 
centers worldwide and provide a useful tool for predicting outcome, especially if the level is high (>20 
kUA/L, as determined by using the CAP system FEIA or UniCAP [Thermo Fisher Scientific, Uppsala, 
Sweden]).[37-44] Most data are available for egg and milk, followed by peanut and tree nuts, whereas 
decision points for soy or wheat allergy have not been successfully established. Although the level of 
specific IgE can sometimes correlate with the severity of a reaction, such as egg and peanut 
allergy,[45,46] no correlation between the clinical threshold of the patient during challenge and the 
specific IgE level has been demonstrated.[39]  
 
 
One major point hampering the use of decision points as a surrogate parameter for food allergy is the 
diversity of the reported levels of specific IgE resulting in a greater than 95% probability for a positive 
challenge outcome. Regarding egg allergy in children, published decision points vary between 1.5 
kUA/L,[39] 7 kUA/L or greater,[47] and 10.2 kUA/L,[44] and the decision points can even vary within the 
same clinical center.[41,43,44,47] One reason for these discrepancies is the age of the patients studied 
because Celik-Biligi et al41 calculated the decision point in infants less than 1 year of age to be 10.9 
kUA/L and that in infants greater than 1 year of age to be 13.2 kUA/L, giving rise to the overall level of 
12.6 kUA/L.  
 
Decision points should thus be used with caution and adjusted to the actual patient population in a 
center. Furthermore, most data are established with the Phadia CAP System FEIA or UniCAP system, 
and data generated with these assays are not readily transferrable to other systems because differences 
between different commercial test systems have been described.[48]  
 
Another issue is the probability of serologic, clinically insignificant cross-reactivity seen between 
different allergens, such as in patients with grass pollen allergy with positive specific IgE levels to 
peanut[33] or in patients with a challenge-proved food allergy to one food and cross-reacting IgE to other 
foods.[49,50] This topic might be at least partially resolved in the future, when component-resolved 
diagnostics measuring IgE directed against allergenic epitopes51 or single purified allergenic proteins in 
the food might improve the diagnostic accuracy and eliminate insignificant cross-reactions to pollen 
allergens. Antibodies toward numerous proteins have been identified,[52] and data are now emerging on 
the relative allergenic significance of various proteins in hazelnut,[53,54] soy,[55] egg,[56,57] milk,[44,57] 
and peanut.[58-60] However, at the current time, component-resolved diagnostics cannot serve as a 
substitute for OFCs in determining either thresholds or severity.[44]  
 
Other tests 
 
Atopy patch testing might improve the diagnostic accuracy in patients with isolated delayed reactions to 
food [61,62] but offers limited benefit over measurement of specific IgE or SPTs in the daily routine. 
Measurement of specific IgG levels or subclasses thereof have not been demonstrated to predict 
outcomes of food challenges. [21,63] The use of basophil leukocyte activation tests as an in vitro marker 
for clinical reactivity has not been thoroughly investigated, and no data exist on the use of these methods 
as surrogate markers for clinical food allergy.[64]  
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Conclusion 
 
Controlled OFCs still remain the gold standard for the diagnosis of food allergy, but certain levels of 
specific IgE might reduce the need for challenges. However, the patient population in question, 
including age and possible cross-reactions, should be evaluated. It is important to always keep in mind 
that the surrogate parameters measure sensitization and not clinical disease in the patient.  
 
 
PRECHALLENGE ASSESSMENT: CHALLENGE SETTINGS—SAFETY ISSUES 
 
Food challenges, whether DBPCFCs, single-blind challenges, or open challenges, pose certain safety 
issues that must be addressed before beginning any challenge. The purpose of the challenge, the type of 
expected allergic symptoms, and the patient’s previous clinical history of a reaction, among others, are 
all important factors to consider.[12-14,65,66 ] 
 
Purpose of challenge 
 
The purpose of the challenge is important; it might simply be a clinical food challenge to prove or 
disprove a patient is allergic to a certain food. Challenges can be done for research purposes and again 
might confirm or refute a patient is allergic to the food or might show the minimal threshold of food 
needed to cause initial clinical symptoms.[67,68] The risk of the challenge will be dependent on the 
patient’s history of either a previous likely reaction, a history suggestive of a reaction but without 
likelihood of a reaction, and a history of no known exposure. In general, only approximately 50% of 
challenges in patients thought to have food reactions will be positive. [13,67,69]  Other important factors to 
consider include whether the suspected allergic reaction is likely IgE or non–IgE mediated, the age of 
the patient, and the food to be used for challenge.  
 
Safety/challenge setting 
 
There are several options for a possible location of the food challenge, including the intensive care unit, 
a regular hospital room, a hospital clinic room, an outpatient clinic room, a private practice office clinic, 
or the home of the patient.[20] Between 20% and40%of patients challenged in some series had severe 
reactions on challenge,[69,70] often to one of the lower doses. Thus the starting dose and schedule of dose 
escalation is part of overall safety. For example, Sicherer et al[69] reported on a series of 196 children 
who underwent DBPCFCs in whom the results of 26 milk challenges and 22 egg challenges were 
positive at the first dose of 250 mg and 11% of the first dose reactions were severe. Additionally, certain 
foods seem to cause more severe reactions on challenge than others.[14,67] The amount of allergen-
specific IgE does not correlate with the severity of reaction on food challenge.[46,71,72] The likelihood of 
a late-phase or delayed reaction should be considered before the challenge to decide on the appropriate 
place and period of observation.[13,14,65]  
 
Other factors to consider include the age of the subject; the presence of other concomitant diseases, such 
as AD, asthma, or risk factors for cardiovascular disease; whether they have reacted to trace amounts of 
the food based on clinical history; the criteria used for determining a positive challenge result (objective 
and subjective symptoms); and whether the patient was on an elimination diet before challenge.[14,73-75]  
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Personnel 
 
The personnel involved in a challenge procedure must be specifically trained in the management of 
acute allergic reactions, and anaphylaxis practice drills should be conducted periodically with the 
challenge team. Centers for performing food challenges are desirable, especially for challenges 
conducted for research purposes, so that personnel have adequate experience in conducting food 
challenges.[76]  
 
Medications 
 
All necessary medication should be readily available if needed during the food challenge. Epinephrine, 
oxygen, antihistamines (both H1 and H2), b-agonists, corticosteroids, and intravenous fluids are all 
needed for specific types of allergic reactions.[18,76] All patients with a history of a previous severe 
reaction who are being challenged should have intravenous access established.  
 
 
Other instances in which intravenous access should be considered are food challenges for peanuts, tree 
nuts, fish, and shellfish, depending on the situation and the patient.[14,20,69] In small children intravenous 
access is necessary only in selected patients; if there is any doubt as to the outcome (severity) of the 
challenge, intravenous access might be needed.[13,66] Also, patients with severe asthma, even without a 
history of an anaphylactic reaction to food, and older children and adults with difficult intravenous 
access should also be considered for prior line insertion.[14 ] 
 
 
Patients can generally be discharged after an observation period of at least 2 hours, provided no reaction 
occurred. If the clinical history indicates the allergic symptoms on the initial reaction occurred later, 
then a longer period of observation might be necessary. If the patient had significant clinical symptoms, 
then a period of up to 4 hours of observation might be needed before discharge. If a patient experiences 
a severe systemic allergic reaction requiring significant treatment, then he or she should be kept under 
observation at the hospital overnightwith appropriate treatment.[13,77]  
 
Conclusions: future directions 
 
Safety issues are an important consideration in deciding who to challenge and where the challenge 
should be done. A food challenge might be done for various reasons, generally to identify a food that the 
patient should be avoiding or a food that the patient can put into his or her diet. It is important that OFCs 
be conducted in a location that is well equipped to deal with anaphylactic reactions by physicians and 
staff who are well trained in dealing with such reactions. This does not exclude practicing allergists’ 
offices because most allergists administering immunotherapy are fully equipped to deal with 
anaphylactic reactions. Food challenges for research purposes will continue to allow us to better 
understand the mechanism of food allergy, as well as to begin to develop new therapies. 
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CHALLENGE PARAMETERS  
 
SCHEDULES AND MATERIALS 
 
Schedules 
 
Numerous dosage schedules using diverse materials are currently in use for performing DBPCFCs for 
research purposes. These schedules differ in starting dose, incremental scale, time between doses, and 
top dose (see Fig 2).[13,14,41,65,68,69,71,78] A distinction must be made between dosage schedules designed 
for studies determining lowest observable adverse event levels (LOAELs) and no observable adverse 
event levels (NOAELs)[13,68,79] and those used for other purposes. Similarly, schedules will be different 
if late-phase reactions, such as those seen in patients with AD, are the object of the study.   
 
Fig 2[11,13,41,65,68,69,71,82] shows several schedules for DBPCFCs with cow’s milk, in which the 
challenge dose is expressed as protein content of the particular dose. Although schedules for other foods 
are similar, calculation from protein content to weight of food in either the dried or native form might 
vary, especially when protein contents of such foods are high (eg, fish) or low (eg, celery).[13] For these 
high and low proteincontaining foods, other amounts might be necessary to deliver reasonable quantities 
of food to the patient. Dosages have been derived from either absolute quantities [13,41,68,78,79] or 
percentages of either maximum single dose[65] or cumulative doses.[65,70] As can be seen from the figure 
below, starting doses vary widely from the low microgram level for studies aimed at NOAEL/LOAEL 
determinations to doses from the low milligram level to several hundred milligrams in schedules used 
for other purposes. Incremental scales vary from 10-fold increases through 5-fold,[19,68] semilogarithmic 
(ie, 1, 3, 10, 30, 100, and 300 mg and so on),[13,41]  doubling-dose,[79] or even smaller [65,69,71]  increases, 
with the latter being associated with schedules aiming to deliver cumulative doses. These last-mentioned 
schedules also generally have higher starting doses and shorter time intervals between doses (15 
minutes) than the schedules aimed at delivery of discrete doses, where intervals between doses are 
typically 20 to 30 minutes. One of the pitfalls of using lower starting doses and longer intervals is the 
increased likelihood of partial desensitization and false-negative results.[9] 
 
With schedules developed for NOAEL/LOAEL determination using starting doses at the low microgram 
level, it is more difficult to achieve meaningful top doses with acceptable increments in an acceptable 
period of time. A combination of logarithmic and semilogarithmic increases, as done in EuroPrevall, can 
be helpful.[80] 
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 Because of differences in reporting safety and validity outcomes resulting from studies using different 
schedules, robust evidence demonstrating the relative superiority of any of these schedules is limited. 
Comparing schedules is further hampered by the inability to assess the contribution of a given schedule 
parameter to a purported difference in outcome. Many parameters have been established on the basis of 
practical considerations, such as the length of time required to performthe challenge procedure. Despite 
these limitations, the following recommendations are proposed.  
 
The preferred method for DBPCFCs is the administrations of active and placebo challenges on separate 
days. If the active and placebo test challenges are administered on the same day, these challenges should 
be separated by at least 3 hours. However, such schedules will not be capable of diagnosing reactions 
more than 3 hours after the challenge. Administration of active and placebo doses in an interspersed 
fashion (ie, administering both placebo and active doses in the same challenge) is not recommended. 
 
Current evidence suggests that high starting doses are associated with more severe reactions during the 
challenge. Starting doses at the low milligram level are generally safe and seem to result in fewer severe 
reactions than higher doses.[70,81] Experience with 10-fold dose increases as being relatively safe over 
the entire dose range is limited. Many schedules using semilogarithmic increases are associated with 
good safety. Smaller increments (eg, doubling) are likely to be safe but lengthen the challenge 
procedure. Longer time intervals between doses will also lengthen the challenge procedure but will 
probably decrease the chance of accumulating high doses, which might result in more severe reactions. 
An interval of at least 15 to 20 minutes between doses is recommended.  
 
The top dose required to avoid false-negative DBPCFC results is uncertain but seems to be at least 2 g. 
Sicherer et al[69] reported approximately 5% false-negative test results with a schedule with a top dose of 
875 mg (cumulative dose, 3500 mg) of protein. Schedules with top doses of approximately 1750 mg 
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(cumulative dose, 2190 mg) report a false-negative rate of approximately 9% and 12.7%,[82] as gauged 
by recurrence of symptoms during subsequent introduction of the food. The original recommendation of 
May[8]  of 8 to 10 g of dried food as being an adequate top dose is also in this range because this would 
be 2800 to 3500mg of protein for milk. However, it is possible that further future experience will show 
that top doses might need to be higher for certain foods (eg, those of which the usual portion contains 
relatively high amounts of protein, such as fish), patients, or situations. Follow-up of negative DBPCFC 
results with open food challenges with the native food in amounts usually consumed thus remains 
recommended if clinical tolerance is to be unambiguously demonstrated.  
 
On the basis of the above recommendations, a general challenge schedule consisting of 3, 10, 30, 100, 
300, 1000, and 3000 mg of food protein at intervals of at least 20 minutes (Fig 2) would be suitable. 
Such a schedule is likely to be appropriate for most foods, patients, clinical situations, and settings. 
Appropriate challenge doses for common foods are shown in Table I and can also be found in a recent 
working group report.[14] On the basis of current knowledge, it is likely to be relatively safe while 
minimizing false-negative test outcomes.  
 
Materials 
 
Materials used in DBPCFCs should be well documented. The form and source of the food to be used 
should preserve maximum allergenicity. Matrices should be capable of blinding the sensory qualities of 
the food in a volume that is as small as possible and compatible with use in the target patient group (eg, 
children). Blinding should be verified by using appropriate testing in a sensory laboratory.78 Current 
evidence suggests that a high fat content of matrices slows absorption and masks early warning 
symptoms, leading to more severe reactions.[83] A large variety of matrices and matrix food 
combinations is important for palatability, especially in young children.  
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PARAMETERS TO FOLLOW DURING ORAL CHALLENGE 
 
The assessment of a food challenge is mostly clinical and will always largely depend on the investigator. 
However, decisions on the positivity of a food challenge result need to be standardized as much as 
possible and should, if possible, include tools for objective measurement.  
 
Clinical assessment 
 
Before each dose, the patient should have a clinical examination, including inspection of the skin, lung 
auscultation, abdominal auscultation, and blood pressure, heart rate, and oxygen saturation 
measurement. In addition, the patient should be questioned for pruritus (mouth mucosa, skin, or both), 
laryngeal symptoms, abdominal pain, dizziness, and any other new complaints.  
 
Although the physical examination will provide objective symptoms, most complaints arising from the 
patient without observable changes need to be classified as subjective and, if isolated, might not account 
for a positive challenge result (see the section on interpretation).  
 
Assessment of respiratory parameters 
 
Respiratory reactions are often difficult to assess early on, and an objective tool that could identify 
pulmonary changes early is desirable because it might predict the potential severity of the reaction. 
Respiratory reactions were reported in 59% of patients with a positive food challenge result, mostly as 
nasal symptoms (63%), laryngeal reactions (43%), or involvement of the lower airways (64%).[84] 
Interestingly, significant spirometric changes lagged behind clinical symptoms and were not helpful in 
the early recognition of pulmonary changes secondary to the food challenge.  
 
The same authors hypothesized that patients undergoing food challenges might also present with more 
subtle reactions, implicating only a change in bronchial reactivity.[85] They investigated a group of 26 
asthmatic children undergoing DBPCFCs by performing methacholine challenges both before and 4 to 6 
hours after a DBPCFC. Chest symptoms (cough, wheeze, or both) developed during 12 of 38 DBPCFCs. 
Of these, 7 subjects had a significant increase in bronchial hyperreactivity in addition to 1 patient who 
had no apparent chest symptoms. Overall, methacholine challenges are probably too time-consuming for 
a general assessment of clinical reactivity in research protocols or especially clinical practice involving 
DBPCFCs, although they might provide an objective measurement of a respiratory reaction, even 
without a significant change in pulmonary function testing. However, use of methacholine inhalation 
challenges will not provide a useful early indicator of ongoing pulmonary changes.  
 
The measurement of nitric oxide (NO) has been shown to provide an objective and reliable tool to 
quantify airway inflammation caused by an allergic trigger. Offline NO levels have been measured in 44 
infants undergoing open milk challenges before and immediately after the termination of the 
challenges.[86] Awide range of exhaled NO values were observed, and no significant changes were 
observed in children with positive or negative milk challenge results. A more recent study measured NO 
levels up to 2 hours after the last challenge dose and reported a signifi- cant NO level decrease, peaking 
at 90 minutes after positive challenge results.[87] Although these procedures might provide an objective 
measurement for respiratory reactions, the delay in the change of exhaled NO levels will not be helpful 
for immediate assessment of the positivity of a DBPCFC result.  
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Assessment of blood parameters 
 
Early studies have linked positive DBPCFC results with increased histamine levels in peripheral blood 
samples,[88] leading several investigators to explore changes in various parameters measurable in the 
blood for the assessment of a food challenge. Niggemman et al [89] have shown that peripheral blood 
eosinophil numbers decreased immediately after positive DBPCFC results and that eosinophil cationic 
protein levels were increasing.[89] Similarly, other mediators suggestive of mast cell and basophil 
degranulation have been investigated. Some investigators have reported significant increases in urinary 
1-methylhistamine levels 1 hour after a positive OFC result, as well as a significant increase in serum 
tryptase levels, but the sensitivity of these parameters is low.[90] Similar results were observed by 
Ohtsuka et al [91] when measuring plasma tryptase and histamine levels up to 4 hours after a positive 
challenge result but were not confirmed by others for eosinophil cationic protein level in the blood and 
tryptase levels in the blood or saliva.[92]  
 
Other objective measures of clinical reactivity 
 
For immediate availability of objectives measurements, Clark et al93 measured the temperatures of 3 
areas of the face using facial thermography and showed a significant increase in facial temperature 
measured on the nose during a positive food challenge result. The same method has been recently used 
with success to evaluate peanut challenges on the nasal mucosa.[94]  
 
The clinical judgment of an experienced investigator will always be the most important factor in 
deciding when to call a DBPCFC result positive or negative. However, an objective, easy to perform, 
and immediately available objective assessment, such as facial thermography or exhaled NO 
measurement, would provide a decisive tool that could help to further standardize DBPCFC results.  
 
SCORING AND STOPPING OFCs 
 
 To allow comparison of outcomes of DBPCFCs, standards must be followed to report results, including 
which symptoms are classified as subjective or objective and what outcomes constitute a positive 
challenge result. There are currently no agreed upon published parameters, likely because clinical 
judgment is needed, and circumstances might vary by patient or study characteristics.  
 
Decisions to discontinue dosing can be made for reasons that vary according to requirements of specific 
study protocols, the symptoms observed, safety issues, and patients’ characteristics. In response to safety 
concerns, dosing can be ceased before eliciting clear objective reactions, which in turn might reduce the 
diagnostic accuracy of the procedure. It is beyond the scope of this report to develop a comprehensive 
approach to conducting OFCs, but guidelines toward improved reporting are presented. Challenge 
results are typically considered positive, and dosing is stopped when objective symptoms occur. 
However, in some situations mild objective symptoms might be considered insuffi- cient to discontinue 
dosing or to consider a challenge result positive (eg, 1 or 2 transient perioral urticarial lesions from 
contact with the food or 1 episode of vomiting in a child with anxiety and a distaste for the challenge 
substance).[12] In some circumstances subjective symptoms can indicate a positive challenge response 
and present a good reason to cease dosing, such as by having repetitive symptoms or multiple subjective 
symptoms in several organ systems. However, stopping a challenge for subjective symptoms increases 
the risk of a false-positive test result compared with only allowing objective symptoms to indicate a 
positive test result. Subjective or initially mild objective symptoms can be subtle in a young child, who 
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can become suddenly quiet or begin to show behaviors such as food refusal or scratching in the ears or 
at the tongue and neck.  
 
At a minimum, the parameters for stopping and declaring a challenge result positive or negative should 
be prespecified in challenge protocols and the details should be reported in publications. Symptoms 
typically considered subjective are listed in Table II. Regarding the options for discontinuing dosing and 
considering a challenge result positive, options include ‘‘worsening’’ subjective symptoms, repeated 
elicitation (eg, on 3 doses), or persistence (eg, 40 minutes).[12-14] These parameters for stopping a 
challenge and declaring a challenge result positive have not been evaluated with regard to the effect on 
the sensitivity and specificity of the test. When mild objective or subjective symptoms occur, decisions 
include stopping the challenge, waiting longer for the next dose, or repeating a dose.[12,75] Judgments 
about proceeding must balance safety against the certainty of the challenge outcome. Although more 
time-consuming, undertaking additional challenges (eg, 5 challenges per food with 3 challenges 
containing placebo and 2 challenges containing the food allergen or vice versa randomly) can increase 
the accuracy of conclusions when symptoms are subjective.[13]  
 
A scoring system appropriate for acute allergic responses is shown in Fig 3. This scoring system has not 
been validated but represents the authors’ clinical experience. The scoring system indicates symptoms 
and signs that might warrant caution (repeating a dose, delaying a dose, and consideration for stopping) 
or are clear enough to warrant stopping a challenge and declaring the result positive. When DBPCFCs 
are used to evaluate disease outcomes in which symptoms are delayed (eg, isolated gastrointestinal 
reactions and AD) or controversial (migraine, behavior, and arthritis), different approaches, such as 
symptom diaries and SCORAD scores, might be needed. Similarly, evaluation of isolated oral symptoms 
from pollen-food–related syndrome requires modification of outcome measures. Challenge protocols 
might require modifications relevant to specific ages, diseases, and challenge circumstances; it is 
suggested to report in detail how symptoms were assessed with regard to stopping dosing and 
determination of positive, negative, or inconclusive challenge results to allow comparison of outcomes.  
 
TABLE II. Subjective symptoms  
General nonspecific pruritus 
Scratching 
Nasal pruritus 
Ocular pruritus 
Dyspnea (without objective signs) 
Throat ‘‘tightness’’ 
Nausea 
Abdominal pain 
Oral/throat pruritus 
Complaints of weakness, dizziness, not feeling well, etc 
 
 
LATE REACTIONS TO FOOD IN PATIENTS WITH AD 
 
Clinical reaction patterns to food in patients with AD 
 
Although food as a trigger of immediate-type allergic reactions can be readily suspected in many 
patients with a detailed history, skin test responses, and demonstration of specific IgE toward the 
suspected food, the identification of triggers for delayed reactions, such as eczematous reactions in 
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patients with AD, is often more difficult.26 Provocation tests can lead to 3 different reaction patterns in 
patients with AD95:  

1. noneczematous reactions, which are usually IgE mediated and present on the skin as pruritus, 
urticaria, or flush reactions, as well as with other immediate-type reactions of the gastrointestinal 
or respiratory tracts, or as anaphylaxis;   

2. isolated eczematous delayed reactions (ie, usually flare of eczema after hours or 1-2 days); or   
3. a combination of a noneczematous early reaction and an eczematous delayed reaction.  

 
Analyses of food challenges in children show that isolated late reactions (ie, those after 2 hours) occur in 
about 12% of children with AD.[41,96] Adolescents and adults can also react to foods, but reactions to 
‘‘classical’’ food allergens, such as hen’s eggs and cow’s milk, are not as common as in childhood. 
Some patients with AD react to pollen-associated foods with late reactions.[97,98] Triggering AD with 
pollen-associated foods is especially relevant in adolescent and adult patients.  
 
Practical aspects of the diagnostic algorithm in suspected eczematous reactions to food allergens 
 
Diagnosing food allergy in patients with AD does not differ in principle from the diagnostic workup in 
other allergic diseases.[67] However, serum food-specific IgE levels, SPT responses, and clinical history 
often do not correlate well with clinical findings. In particular, the value of history has been shown to be 
less useful in suspected late reactions compared with immediate reactions. [96,99,100] When food allergy 
is suspected, appropriate in vivo tests (eg, skin tests), in vitro tests (eg, serum specific IgE), or both 
should performed. For routine skin testing, only SPTs are recommended for the diagnosis of food 
allergy in patients with AD.  
 
The atopy patch test (APT) with cow’s milk, hen’s egg, cereals, and peanut might be of some value, 
identifying specific food allergies in patients with AD in the following cases61: (1) suspicion of food 
allergy without predictive specific IgE levels or positive SPT responses; (2) severe AD, persistent AD, 
or both with unknown trigger factors; and (3) multiple IgE sensitizations without proved clinical 
relevance in patients with AD.  
 
The APT can therefore be considered an additional diagnostic tool that can be used in specialized 
institutions. However, standardized reagents and methods for performing APTs and interpreting their 
results have not been established, and therefore APTs are not recommended for routine diagnoses of 
foodinduced eczema. Of note, it was concluded from an evaluation of a large number of children with 
AD that the APT does not lead to a significant reduction in the need for OFCs when foodinduced 
eczema is suspected.[101]  
 
In cases of suspected food allergy (by history, specific sensitization, or both), a diagnostic elimination 
diet of suspected food items over a period of up to 4 to 6 weeks is recommended. However, OFCs 
should be performed, even if the skin improved during a diagnostic elimination diet, to confirmthe 
diagnosis. It is generally not sufficient to accept the result of an elimination diet as diagnostic because a 
variety of factors can influence the outcome during the elimination period.  
 
Oral provocation tests in suspected eczematous reactions 
 
In patients with AD, oral provocation should be performed after a period of suspected food allergen 
elimination when symptoms are minimal. If a stable situation cannot be attained by avoidance alone, 
topical therapy must be intensified before the provocation and continued in the same fashion throughout 
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the OFCs. Accompanying therapy and conditions should be changed as little as possible. If a 
corticosteroid is absolutely necessary, then the application of a weak preparation (eg, 1% 
hydrocortisone) once daily is possible. Clinically relevant reactions will not be prevented with this 
minimal treatment, although on the other hand, natural fluctuations of the eczema are minimized. 
Steroid therapy should be continued over the entire provocation; no antihistamine or UV therapy should 
be given.  
 
Even when no immediate-type reactions are reported, provocation should only be performed by 
clinicians with experience in the treatment of immediate allergic reactions. In children withAD who 
have been maintaining elimination diets for a prolonged period of time, very severe to life-threatening 
reactions have been reported after reintroduction of a food allergen.[15,16]  
 
Oral provocation should be initiated in a form similar to that for expected immediate reactions, as 
discussed above. The dose should be increased every 20 minutes up to the highest dose or until a clinical 
reaction occurs. The total dose should approximately correspond to the average serving at a meal (eg, 1 
egg or 150 mL of milk). Because of the expected delayed reaction, the skin must be inspected by a 
medical doctor who is familiar in scoring eczema before the OFC and on the day after the challenge.  
 
If possible, repetitive provocation with the same food for another 1 to 2 days is recommend in those 
patients who did not react after the first challenge day. Clinical evaluation with a standardized eczema 
scoring system (eg, SCORAD or Eczema Area and Severity Index score) must be uniform throughout 
the period.  Fig 4 summarizes the diagnostic algorithm for the identification of late reactions in patients 
with AD.  
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DEALING WITH SUBJECTIVE SYMPTOMS IN DBPCFCs 
 
The DBPCFC is a rigorous tool that has become popular for evaluating adverse reactions to foods. The 
standard use of the DBPCFC has been to document food allergies for individual patients, but it recently 
has been gaining acceptance as a procedure for investigating the effectiveness of therapies to 
prevent/minimize food-induced anaphylaxis. The DBPCFC is administered in increasing (fixed) doses to 
each participant, and the challenge is discontinued when the participant exhibits objective symptoms 
(eg, vomiting, diarrhea, and urticaria) at a specific dose or when the top dose is consumed without 
evidence of reactivity. This presentation addresses statistical design and analysis issues for the DBPCFC 
when subjects exhibit subjective symptoms (eg, abdominal pain and throat tightness).  
 
The DBPCFC 
 
Assume that the DBPCFC consists of K increasing doses of the food item, denoted as follows: 
 

d1 < d2 < … < dk 
 

A subject undergoing the active component of the DBPCFC progresses through the increasing doses of 
the food item. The DBPCFC result can be discontinued for a subject because of any of the following 
events: 

A. objective symptoms occurring at one of the doses; 
B. no objective symptoms occurring through dose dK; and 
C. withdrawal before objective symptoms occur. 

 
If B or C occurs, then that subject is said to be ‘‘right censored’’ at the final dose that was administered. 
Censoring is said to occur when results of an observation are only partially known. The observation is 
considered right censored when the final (true) result is greater than the observed result, but it is not 
known by how much. In the case of B and C, the investigator would know that the subject has tolerated 
a certain dose without symptoms but how much more the subject could tolerate and remain symptom 
free is unknown.  
 
For the ith subject in the study (i = 1, 2, . . . , n), 2 items, Di and λi, are recorded, where Di  is defined as 
the final dose administered, λi is defined as 1 if objective symptoms were observed at Di, and λi  is 
defined as 0 if objective symptoms were not observed at Di.  
 
As an example, suppose there are 5 dose levels of the food ítem designated as follows: 
 

d1 =5mg;  d2=10mg;  d3=20mg;  d4=40mg;  d5=80mg; 
 

and 4 subjects undergo the active component of the DBPCFC (Table III). 
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Subjective symptoms 
 
What if a subject undergoing the DBPCFC describes subjective symptoms? What should be done? 
Hourihane et al [102] continued the challenge after the subjective symptoms were completely resolved. 
Wensing et al [103] discontinued the challenge if the subjective symptoms endured for at least 60 
minutes. Flinterman et al [16] discontinued the challenge if the subjective symptoms occurred on 3 
consecutive doses. Peeters et al [104] discontinued the challenge if the subjective symptoms lasted for at 
least 45 minutes.  An approach that minimizes the potential bias caused by the occurrence of subjective 
symptoms is as follows:    

1. continue the challenge, in spite of the subjective symptoms, until the subject exhibits objective 
symptoms, or  

2. if the subject is unable or unwilling to continue the challenge because of the subjective 
symptoms, then discontinue the challenge and consider the final administered dose to be right 
censored.  

 
Although this approach is more accurate (less biased), it will be less precise (more variable) because of 
the increased amount of right censoring. Less precision results in a larger sample size requirement.   
 
Statistical analysis 
 
The most appealing approach for the between-group comparison is a discrete-time survival analysis. 
This analysis is based on a model for the conditional probability of a subject responding to dose dk (k=1, 
2, . . . , K), given that the subject has not responded to previously administered doses.  
 
This conditional probability is called the hazard function, and an appropriate model to describe this 
process is the discrete-time hazard function (in this situation the discrete-dose hazard function) as 
follows:  

 
where x1, x2, . . ., xr denote a set of r regressors, such as treatment group assignment, baseline score, 
sex, and age. 
 
This particular form for the discrete-time hazard function, as proposed by Prentice and Gloeckler105 and 
Allison,106 is called the extreme value hazard function, and a statistical analysis based on this model 
requires a logistic regression analysis with the complementary log-log link function. The extreme value 
hazard function is the discrete-time analog of the Cox proportional hazards function. Researchers might 
not be familiar with the extreme value hazard function because they are more familiar with the 
exponential hazard function that is used for continuous time survival analysis.  
 
The parameters  a1, a2, . . . , aK and the parameters β1, β2, . . . , βr are estimated through maximum 
likelihood (ML) estimation. Statistical inference, such as hypothesis testing for comparing the hazard 
rates of the experimental therapy and control groups, is based on the ML estimates of β1, β2, . . . , βr. 
SAS PROC LOGISTIC (SAS, Institute, Cary, NC) is available for the logistic regression analysis with 
the complementary log-log link function.  
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I.  SKIN 
A. Erythematous Rash- % area involved______ 
B. Pruritus 

0 = Absent 
1 = Mild, occasional scratching 
2 = Moderate -scratching continuously for > 2 minutes at a time 
3 = Severe hard continuous scratching excoriations 

C. Urticaria/Angioedema 
0 = Absent 
1 = Mild < 3 hives, or mild lip edema 
2 = Moderate - < 10 hives but >3, or significant lip or face edema 
3 = Severe generalized involvement 

D. Rash 
0 = Absent 
1 = Mild few areas of faint erythema 
2 = Moderate areas of erythema 
3 = Severe generalized marked erythema (>50%) 

II.  UPPER RESPIRATORY 
A. Sneezing/Itching 

0 = Absent 
1 = Mild rare bursts, occasional sniffing 
2 = Moderate bursts < 10, intermittent rubbing of nose, and/or eyes or frequent sniffing 
3 = Severe continuous rubbing of nose and/or eyes, periocular swelling and/or long bursts of sneezing, persistent rhinorrhea 

III.  LOWER RESPIRATORY 
A. Wheezing 

0= Absent 
1 = Mild expiratory wheezing to auscultation 
2 = Moderate inspiratory and expiratory wheezing 
3 = Severe use of accessory muscles, audible wheezing 

B. Laryngeal 
0= Absent 
1 = Mild >3 discrete episodes of throat clearing or cough, or persistent throat tightness/pain 
2 = Moderate hoarseness, frequent dry cough 
3 = Severe stridor 

IV.  GASTROINTESTINAL 
A. Subjective Complaints 

0 = Absent 
1 = Mild complaints of nausea or abdominal pain, itchy mouth/throat 
2 = Moderate frequent c/o nausea or pain with normal activity 
3 = Severe - notably distressed due to GI symptoms with decreased activity 

B. Objective Complaints 
0 = Absent 
1 = Mild 1 episode of emesis or diarrhea 
2 = Moderate 2-3 episodes of emesis or diarrhea or 1 of each 
3 = Severe >3 episodes of emesis or diarrhea or 2 of each 

V.  CARDIOVASCULAR/NEUROLOGIC 
0 = normal heart rate or BP for age/baseline 
1 = mild-subjective response (weak, dizzy), or tachycardia 
2 = moderate-drop in blood pressure and/or >20% from baseline, or significant change in mental status. 
3 = severe-cardiovascular collapse, signs of impaired circulation (unconscious) 

 
TABLE LEGEND:    
GREEN:     - Not usually an indication to alter dosing. 

- Not generally sufficient to consider a challenge positive. 
Orange (scores increasing to orange):  - Caution, dosing could proceed, be delayed, have a dose repeated rather than escalated. 

- If clinically indicated, dosing is stopped. 
- Symptoms that recur on 3 doses, or persist (e.g., 40 minutes) are more likely indicative of a reaction than when such 

symptoms are transient and not reproducible. 
- 3 or more scoring areas in orange more likely represent a true response. 

RED:     - Objective symptoms likely to indicate a true reaction 
- Usually an indication to stop dosing. 

 
FIG 3. Scoring the challenge outcome (modified from Bock et al65 and Nowak-Wegrzyn et al14). The scoring system 
proposed here can be used for IgE-mediated reactions to determine the degree of response in various target organs and 
changes from baseline. Challenges should usually not commence if there are baseline symptoms exceeding descriptions in 
green (an exception might be AD that remains moderate despite maximal therapy). See the text for additional comments. 
(Please note that I,C,1 was made orange because it is similar to mild objective symptoms in other areas, is not a stopping 
indication, and, depending on clinical judgment, might or might not represent contact urticaria).  
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An example is taken from Chinchilli et al.107 A dataset for a clinical trial comparing an experimental 
therapy with a control therapy in patients with peanut allergy was simulated as follows:  

 

 
 
Fifty patients were randomized to each of the experimental therapy and control groups. The final dose 
administered was coded as 0, 1, 2, 3, 4, or 5 (log4 of the dose). The results of the analysis indicate that 
the baseline score and group assignment are statistically significant (Table IV).  
 
The negative sign for the ML estimate of the experimental therapy group (21.157) effect indicates that 
the hazard (conditional probability of objective symptoms) for the experimental therapy group is less 
than the hazard for the control group; that is, the experimental therapy is significantly more effective 
than the control group.  
 
Estimating sample size 
 
Because the discrete-time survival analysis is the discrete analog of the Cox proportional hazards 
regression model, sample size for the former can be approximated by using a sample size formula based 
on the latter. One such formula is provided by Schoenfeld.[108] This sample size formula requires that 
the effect size be expressed in terms of the hazard ratio, which is the ratio of the hazard functions for the 
experimental and control groups. Typical values that researchers use for effect sizes in sample size 
calculations range from a hazard ratio of 1.5 (small effect size) to 3.0 (moderate effect size).  
 
In addition to the effect size, the researcher needs to account for the anticipated censoring rate (averaged 
across the 2 treatment arms) at the study’s end food challenge. For example, if a researcher anticipates 
that the experimental therapy group will experience approximately 20% censoring and the control group 
will experience approximately 0% censoring, then this is an average of 10% censoring in the study. If 
subjective symptoms are anticipated, then there will be a higher level of right censoring, and hence an 
increased sample size will be necessary. Sample sizes (per treatment arm) for various hazard ratios (1.5, 
2.0. 2.5, and 3.0) and censoring rates (0%, 10%, 20%, and 30%) for a 2-sided, .05 significance level test 
with 90% statistical power are presented in the Table V. Notice that the sample size increases as (1) the 
hazard ratio decreases and (2) the censoring rate increases.  
 
In summary, an appropriate statistical analysis of a DBPCFC in the presence of objective symptoms is a 
discrete-time survival analysis. Statistical software packages, such as SAS, have available routines for 
applying such an analysis. When planning a DBPCFC, it is important to calculate sample size based on 
the assumed hazard ratio and the level of right censoring (the percentage of participants who will not 
experience objective symptoms). The formula presented by Schoenfeld[108] can be invoked to 
approximate the sample size. The statistical approach described above is a very conservative approach 
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with respect to subjective symptoms in that a participant who discontinues because of subjective 
symptoms is regarded as right censored. A more sensitive statistical approach needs to be developed that 
accounts for subjective symptoms.  
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OFC: REPORTING RESULTS 
 
Not only should the reasons for stopping a challenge be reported (ie, objective symptoms vs repeated 
subjective, worsening subjective, or persistent subjective symptoms) but also studies should tabulate the 
numbers of patients who fall into the different categories. The number of patients with severe systemic 
reactions and their characteristics should be reported. The use of epinephrine to treat a reaction is not an 
adequate measure of severity because multiple patient-based factors, site issues (eg, the threshold to 
administer epinephrine might be lower in an outpatient setting), and the physician’s judgment will affect 
the treatment of a reaction. Investigators are encouraged to make individual data available when possible 
in online repositories. In summary, Tables VI and VII list the recommended data that should optimally 
be included in research reports.   
 
Placebo responses 
 
Outcomes of DBPCFCs for research purposes should be published, with the results of the placebo 
challenges clearly described. The interpretation of equivocal challenge results should be determined in 
advance, as shown in the example in Fig 3.[19] Placebo responses are important to publish because these 
rates should be used in the statistical handling of the results to accommodate and estimate false-positive 
rates; such information is also important in study design.[109]  
 
Eliciting versus cumulative dose 
 
Both the eliciting and cumulative dose in milligrams of protein should be reported because this provides 
the maximum information for later interpretation of the challenge outcome.[68] For example, it might 
seem that the eliciting dose is the sole dose responsible for a reaction that begins in the mouth with 
pruritus and angioedema, but to date, it cannot be excluded that previous subthreshold doses served to 
prime the response or were subject to delayed absorption, and therefore both should be reported. Studies 
are currently lacking that compare a possible discrete dose effect versus the cumulative dose 
contribution.  
 
Reporting of randomized, controlled therapeutic trials 
 
As food allergy research continues to move beyond characterization to randomized therapeutic trials, the 
importance of adopting consistent parameters for reporting results is evident because this will allow a 
critical comparison of parameters between studies and facilitate the application of meta-analyses. A 
framework developed in the 1990s (as the use of meta-analysis expanded) has been widely adopted by 
journal editorial boards on an international level. The Consolidated Standards of Reporting Trials 
(CONSORT) has outlined 22 aspects of clinical trial design and execution that are essential components 
of a high-quality randomized trial.[110,111] The main principles of transparent reporting of trials include 
full disclosure of each step of enrollment (eg, eligibility and recruitment), allocation to intervention, 
follow-up, and analysis. A flow chart facilitates visualization of the numbers of participants at each 
phase of the study and whether analysis was on an intent-to-treat basis. Because the power of an 
individual study is extended when combined with other trials, it is important for food allergy 
intervention trials to adhere to CONSORT to ensure high quality, even if the proposed trial is small or of 
inadequate power for generalization of results.  
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TABLE VI. Data to report in studies using OFCs 
1. Demographics (can be summarized in larger studies but helpful to have in an online repository for individual 
data) 

Age, sex, age at diagnosis, reaction symptoms, SPT responses, in vitro specific IgE levels, other atopic 
disorders 

2. Were patients with a history of anaphylaxis included? 
How defined? 
Subanalysis might be indicated 

3. Food matrix used (recipe), including percentage fat content 
4. Method to validate blinding between placebo and verum 
5. Exact description of challenge food’s physical state (eg, raw, cooked, dehydrated, or defatted) 
6. Dose escalation schedule 

Should be expressed as mg of protein 
7. Setting for challenges 
8. Scoring system with predetermined stopping/delaying/repeating/ progressing decision points 
9. Percentage of patients stopped for objective responses and subjective responses 
10. Eliciting dose in mg of protein 
11. Cumulative dose in mg of protein 
12. Percentage positive, negative, or inconclusive, with criteria defined in advance 
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