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123 Peanut Allergy Diagnosis- a 2020 Practice Parametéfpdate, Systematic
124 Review, and GRADE Analysis

125
126 Executive Summary

127 IgE mediated peanut allergy has an estimated |eme@ of between 0.2-4.5%, depending on

128 geographic area of the world and the methodology tisr assessment. While the prevalence in the US
129 appears to have tripled in a recent 10-year peiaithe UK the prevalence seems to have plateaved o
130 a similar period, denoting regional heterogeneitguch trends. Peanut allergy is associated with

131 substantial economic and psychologic burden onlisrthat is associated with poor quality of lifeda
132 high anxiety related to the potential consequen€#seir child having a severe allergic reactioeaiut
133 allergy is often a severe and usually a lifelorlgrgly that is a leading cause of food-related ayiapis.
134 There is one US Food and Drug Administration (FRpproved peanut allergy treatment, and several
135 other emerging treatments approaching consider&iofDA approval. However, presently peanut

136 allergy is managed through peanut avoidance, ammditrying emergency medication such as auto-

137 injectable epinephrine to treat symptoms that nmegdrom unintended ingestion.



138 Given this burden of disease and the consequefcksgmosis, it is important that peanut allergy be
139 accurately diagnosed so that an appropriate tredfpi@n can be developed. However, a positive yiiean
140 test result is not always associated with clinteaktivity. This practice parameter addresses the

141 diagnosis of IgE mediated peanut allergy, bothhifdeen and adults as pertaining to three fundaatent
142 questions (see text box 1). This parameter ex@lsiiscusses IgE mediated peanut allergy and all
143 references herein pertain to IgE mediated food@flo peanut only, and not to peanut as a polentia
144  trigger in eosinophilic esophagitis or non-IgE nagdd food allergy such as food protein induced

145 enterocolitis syndrome. Similarly, emerging tedbgges such as Basophil Activation Testing were als

146 not included in this analysis.

147 Diagnostic testing for peanut allergy is used tp ineake a diagnosis where there is suspicion of a
148 peanut allergy based on the clinical history. Wtailto make a correct diagnosis can result in eithe
149 unnecessary avoidance in a non-allergic persaerroneous guidance that the patient can safelsinge
150 peanutad libitum when there is in fact an allergy—situations tiratlaoth problematic. A correct

151 diagnosis facilitates peanut avoidance and courgselhen the patient is at risk of potential life-

152 threatening complications of peanut allergy, aratdfore is advised to carry epinephrine for usease
153 of symptomatic accidental ingestion. Alternativedygclusion of peanut allergy allows peanut to be
154 incorporated into the diet without concern, eliningthe burden of precautions and fear. Changes i
155 peanut sensitization levels over time, compardghgeline, may be associated with whether the alerg
156 individual is likely to be outgrowing their pearaltergy. Although previous research in patienitsiw
157 established peanut allergy reported clinical diesgic cut-off points for >95% chance of reactionl &or
158 <50% chance of reaction to oral food challengesehare not necessarily predictive of clinical oaotes
159 in all settings and patients, as they are highpedéeent on the baseline prevalence of peanut glierg
160 the particular population studied, which may varyis document uses likelihood ratios as the main
161 statistic in this analysis, given this metric ig dependent on a population prevalence of diseaskis

162 more adaptable to individual clinical settings.

163 The expert panel developed the key (PICO, Populdtitervention Comparator Outcome) questions
164 to be addressed, and after systematic review ditérature (>1300 references searched), meta-gisaly
165 of the evidence, and GRADE (Grading of RecommendatiAssessment, Development, and Evaluation)
166 analysis of the results (a well-established metlogyofor developing evidence-based guidelines, see

167 table 1), made recommendations - all of which vearaditional in strength, with very low certainty of

6
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evidence. Thresholds for detection of sensitiratvere at 3mm for skin prick test (SPT), and 0.35
KU./L for both whole peanut slgE and component-spepéanut sIgE, based on the most widely
reported levels evaluated in the literature. Adddl cut-offs were considered, their use wouldenav
posed significant limitation to the analysis, giwemy limited study numbers reporting these values.

Extensive sensitivity analysis was performed tdficonthe results.

The expert panel suggested that diagnostic tekiimgeanut allergy be used in patients with a high
pre-test probability of peanut allergy, or priora oral food challenge for patients with modepetest
probability of peanut allergy, as a preferenceisigeschoice, but discourages testing in patierith &
low or very low pre-test probability of peanut afjg. If a single diagnostic test is to be usedjngdor
the Ara h 2 component (CPT code 86003, commercaigflable in the US under Thermo Fisher
ordering reference code f423) would provide thetrd@gnostic accuracy, as determined by the more
optimal positive/negative likelihood ratio among thresently available testing options, provided thi
becomes more commonly available as a stand-alsheateopposed to being primarily offered as alpane
by laboratories with other peanut components. tarmture search did not provide patient-level data
determine the value of testing for peanut companienaddition to skin prick test or sIgE to whole
peanut to increase diagnostic accuracy, includiotated Ara h 2 in that context. The clinicianwddo
not use the results of a SPT, sIgE to whole peaxtuct, or sIgE to peanut components to deterarine
allergy phenotype or to predict the severity ofitufe reaction (e.g., will the patient have anagkigl to
peanut). An additional supplemental cost-effectasmnanalysis of the potential testing options pitesk
in the e-supplement confirms use of Ara h 2 a®fitenal choice compared to peanut SPT and whole
peanut sIgE. There remain important knowledge gapsneeds for well-designed studies to address
these questions, as well as the need for patigat-tiata to be made available when reporting test
sensitivity/specificity to enhance the ability terfporm future meta-analysis that can explore déiféicut-

off levels. These recommendations detailed belmsammarized in table 2.

Question 1:Should diagnostic testing for peanut allergy bdgomed in adults and children with a

history of suspected peanut allergy who are reqgestaluation for peanut allergy?

Recommendation la:We suggest in favor of diagnostic (skin prick ause sIgE) testing for

peanut allergy in patients with a 1) physician-eddnigh pre-test probability of peanut allergy2pr
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prior to an oral food challenge for patients witbdarate pre-test probability of peanut allergy,foth
of whom shared decision-making has been employaditee at the final decisiorf€onditional
recommendation; Certainty of evidence: very low

Recommendation 1b: We suggest against diagnostic testing in patieheyevthere is low or very
low pre-test probability of peanut allergyonditional recommendation; Certainty of evidencevery

low

Discussion:This question was not searched in a systematicanas the content experts were
unaware of any single research study that addreksseduestion. The workgroup performed a Pubmed
literature search that did not identify any artsdleat address this question, which by defaulttéintie
certainty of evidence. For this reason, the worlkgrand JTFPP felt that it would therefore not be an
appropriate utilization of valuable resources todiect a librarian-conducted formal literature skarc
However, expert evidence was collected both froencthntent experts and the JTFPP. Expert evidence
differs from expert opinion, in that the former do®t include a judgment on the evidence and o#ers
systematic and transparent appraisal of the evejewich differentiates this as an acceptableratare
to making a recommendation under GRADE. The gindelorking group related that when evaluating
their collective patient experiences, diagnostiting could be of value to confirm peanut allengyigh-
risk individuals for which an oral challenge migidt be advisable or agreed to by patients, but also
acknowledged that in a patient presenting witheasital history the diagnosis could be made on the
basis of history alone without further testing ame circumstances. The expert panel related thgt th
suggested an oral food challenge when there wasdanate probability of peanut allergy but thatrgda
proportion of their patients may prefer a diagrotst prior to the oral food challenge. Similathg
collective personal experience of the expert pameal that diagnostic testing in patients with a low
probability of peanut allergy (e.g., sibling hasipet allergy and patient has never ingested peaftat)
identified patients who were sensitized but nditaliergic. Unfortunately, many of these patients

refused an oral food challenge and likely avoidednut unnecessarily.

These recommendations are in alignment with prevesgert guidelines and practice parameters on
food allergy diagnosis and management, which peosithilar consensus regarding the indications for
testing for the presence of food sensitizationuigiog peanut, in evaluating a possible diagnosfead
allergy. While screening of foods in infants priorinitial food introduction is discouraged, testito

peanut in infants at high-risk for peanut allerggder the very prescribed context of those infauitis
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either severe eczema and/or egg allergy) is thaotable exception, which was recommended prior to

initial peanut introduction per the 2017 NIAID addem guidelines.

Question 2a: In the patient presenting for evaluabn of suspected peanut allergy, which of the
three tests—SPT, sIgE to whole peanut, or Ara h2 wibd provide the highest diagnostic accuracy

as determined by the more optimal positive/negativikelihood ratio?

Question 2b: In a patient presenting for evaluatiorof suspected peanut allergy, does testing for
peanut components in addition to either SPT or slgEo whole peanut increase the diagnostic

accuracy?

Recommendation 2aWe suggest in favor of Ara h2 diagnostic testing fpatient presenting for
evaluation of suspected peanut allergy for whisingle diagnostic test is to be used, as Ara hZ
would provide the best diagnostic accuracy as oheted by virtue of more optimal
positive/negative likelihood ratios. However, whilea h 2 has the greatest specificity, it has
lower sensitivity than SPT and sIgE, and in a patrgth a high prior probability, the clinician
may use Ara h 2, SPT, or sIgE to confirm the diagof peanut allergyConditional
recommendation. Certainty of evidence: low.

Recommendation 2bWe suggest against routine use of component testiaddition to either to
skin prick test or sIgE to whole peanut to incredisgnostic accuracyConditional

recommendation Certainty of evidence: very low

Discussion:For GRADE analysis, Ara h 2 was compared to skickgest and to sIgE to whole peanut

for the diagnosis of peanut allergy. The literatsearch did not provide patient-level data to cetiee

the value of testing for peanut components in aadiob or reflexively with skin prick test or sigh

whole peanut to increase diagnostic accuracy. diitiad, expert evidence was not available to agsist
answering this question. Thus, the use and vdlaeroponents, including reflexive use of Ara h 2,
remains a knowledge gap. There is an uncleatyili measuring sIgE to any other commercially
available peanut components given the limited albéel data on performance of components beyond Ara
h 2. Further research is needed to clarify theevafitandem testing, particular in regards to A& Ara

h 6, and Ara h 8. While Ara h 2 had the greatestiigity in confirming the diagnosis, it had lower
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sensitivity when compared with SPT or sIgE. Inlesang diagnostic accuracy, the summary receiving
operating characteristic (ROC) curves demonstrgitedtest area under the curve (AUC) for Ara h 2
(0.92) when compared to SPT (0.89) and sIgE (0\8/&)caution the clinician that despite undetectable
sensitization on SPT, sIgE, or Ara h2 testing, thate is a small possibility the individual cosldl be
peanut allergic, and similarly, that detection efistization does not always infer clinical allerdy
clinical suspicion remains elevated, further eviaddurethrough an oral food challenge, is potentially

indicated.

Question 3: In the patient presenting for evaluatia of suspected peanut allergy, can the results

of a diagnostic test be used to predict the seveyibf a future allergic reaction?

Recommendation 3:We suggest against the clinician using the restiltssSPT, sIgE to whole peanut
extract, or sIgE to peanut components to deterthi@eseverity of an allergy phenotype or to pretfiet

severity of a future reactio@onditional recommendation. Certainty of evidencevery low.

Discussion:There was inadequate patient-level data to fora@daGRADE recommendation on the
use of a peanut diagnostic test for predictingstheerity of a future allergic reaction across aicons
range of test result values; however, dichotonootff values of 20mm (SPT), 50 KL, and 2

KUA/L (Ara h 2) demonstrated low sensitivity and speity for a future severe reaction.
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Abstract: Given the burden of disease and the congaences of a diagnosis of peanut allergy, it is
important that peanut allergy be accurately diagnoed so that an appropriate treatment plan can
be developed. However, a test that indicates thei® peanut sensitization present (e.g., a “positive
test) is not always associated with clinical reasfity. This practice parameter addresses the
diagnosis of IgE mediated peanut allergy, both inhaldren and adults as pertaining to three
fundamental questions, and based upon the systematieviews and meta-analysis, makes
recommendations for the clinician who is evaluating patient for peanut allergy. These questions
relate to when diagnostic tests should be completedhich diagnostic tests to utilize, and the utili

(or lack thereof) of diagnostic testing to predicthe severity of a future allergic reaction to peanti
Introduction:

The following document is a GRADE (Grading of Reecnemdations, Assessment, Development, and
Evaluation) based practice parameter for the uskagiostic testing in evaluating patients withrmeéa
allergy. This document is divided into several gexd: 1) a narrative review primer to provide
background and context on peanut allergy and timeiptes of how to apply diagnostic testing for
peanut allergy; 2) a meta-analysis and systemawtiew of peanut allergy diagnostic testing with
GRADE recommendations (including supporting talaled figures); 3) an e-Supplement detailing the
literature search terms and features of the indwad#cles; 4) an eSupplement detailing a cost-
effectiveness analysis of the use of the diagnossits; and 5) an eSupplement containing the GRADE
evidence to recommendation framework, detailingcthesiderations that went into formulating the

GRADE recommendation; .

Section 1: A Primer on the Diagnosis of Peanut Altgy

Prevalence of peanut allerqy

In the general population, the prevalence of pealhergy is approximately 1.5% when the diagnasis
based on oral food challenge (OFC) or highly coawig history, and 0.2% to 0.4% when it is based on
OFC aloné. These values differ based on age, race, ethnigity geography, but the evidence is not
available to precisely determine what those diffees are. Recent Australian data representatitheeof
greater Victoria province in one year olds suggdstgate of peanut allergy could be as high asv@#a,
11
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as many as 23% of these cases resolving by agel 8146 by age 6° US estimates range between
1.4%-4.5%, based on various indirect methods imetudhone surveys, internet surveys, and analysis o
clinical history and epinephrine prescribing pats&'® As well, the prevalence of peanut allergy may
change with age. Prevalence estimates also vasnding on how peanut allergy is defined. Many
studies use peanut sensitization (at a particelal lof detection) to define peanut allergy, wioillers
accept a convincing history of a clinical reactidir*? However, the criterion standard is an oral food
challenge in which a clear outcome based on peagestion is determinetl. Unsurprisingly, reported
prevalence rates are higher in studies that inghadients diagnosed based on either peanut sertisitiz
and/or a reported convincing clinical history comgabto estimates derived from patients diagnosed
objectively through OFC. However, there may bmasethical and practical concern in performing OFC
for the purpose of confirming prevalence ratesausiis criterion standard in such aforementioned
individuals who already have a clinical diagndsisunderstanding the prevalence rate of a specific
allergy helps to determine the relative likelihdbdt any patient being evaluated could have treegl

and sets the basis for interpreting any diagnessicthat may be able to infer likelihood of diagiiso
through simple tools like Fagan nomograrh¥. For review, the positive likelihood ratio (in fdo

allergy) represents the percent of individuals viathd allergy who have detectable sensitizatiovideid

by the percentage of people without food allergpwalso have detectable sensitization (and the ivegat
likelihood ratio the converse). These are depenoletest sensitivity and specificity, and not degent

on disease prevalence, making them ideal for @irdecision-making across different settings. Use o
likelihood raios can be reviewed in more detaieelsere™ In this practice guideline, we emphasize the
use of the likelihood ratio as the main tool faniclal decision-making given uncertainties in the
prevalence of food allergy in any given clincal plapion. Therefore, it is essential for a clinicia
understand how and when performing specific diatnossts would provide the highest (or lowest)

utility, to help gauge when such tests would beadfie in clinical decision-making.

Making the Diagnosis

Available diagnostic tests for assessing peanut sensitization

Peanut specific IgE can be assessed with eithéngsck test (SPT) or a serologic in-vitro (blgod
test. SPT assesses the presence of sIgE throughtion of a wheal and erythema following
percutaneous introduction of the target allergétil <Sare based on extracts of whole peanut andohere

do not provide information about sensitizationrtdividual peanut proteins (peanut components),ghou
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extracts of recombinant components have been studiesearch situations. Prick-to-prick testinthw
ingestible peanut products (e.g., peanut buttevdpo, or kernels) as an alternative to testing wehnut
extracts has been advocated by some, but the repbddy, validity and reliability of this proceda is
not established as a marker of sensitization, laiscatdditional test in combination with the clidica

history has uncertain value for clinical decisioakimg’*

A multitude of in-vitro tests for specific IgE aagailable using a variety of technologies. Modeay-d
serologic IgE tests rely on allergens that arechdétd to a solid phase substrate and detect IgEdaoun
those allergens using anti-human IgE antibodiegugaited to enzymes that create a colored (enzyme-
linked immunosorbent assay or ELISA) or fluoresd@nbrescent enzyme immunoassay or FEIA)
product. There also are technologies that meakareapture of specific IgE bound to allergen inikiy
phase with subsequent detection using an apprem@iatyme-substrate. The amount of SIgE is
determined by comparing the dilution curves ofuh&nown samples with a calibration curve based on
samples with known sIgE. Non-specific IgE binding resulting in false positresults (e.g., falsely
indicating sensitization) is a potential risk wheanmples are assessed from patients that are kimown t
have high total IgE levels, but is accounted foth®ymanufacturer in how the instruments are
calibrated'! Generally, these tests are considered to be gativeiand to have a relatively low
coefficient of variance (e.g., approximately 5%)ost commercially available tests for peanut-specif
IgE measure sIgE directed at an extract of whaémpe similar to what is used in skin testing.
However, most allergens contain multiple epitogagsh of which may be associated with the ability to
specifically bind IgE, and the potential for regujtdistinct symptom patterr8. Patients may be
sensitized to one or more components, which reptesajor allergens within peanut that IgE can kond
(such as the major allergens Ara h 1, Ara h 2Am h 3; Ara=arachis hypogeae, the Latin name for
peanut, and major allegens are named based orL#tgimames in the order of their discovery). fEhe
are now commercially available tests to measuexspkeanut components. Components are not

available for skin testing outside of the reseaetting™®

Evaluation of Suspected Peanut Allergy
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To properly use any allergy diagnostic test to @&t for possible peanut allergy, the pre-test
probability must be determined, which is accom@ithrough taking a comprehensive histgry.
Typically, patients present to a clinician for arakeation of a suspected history of peanut alleogyally
having experienced symptoms (in some form) belidodak attributable to peanut ingestion, which
represents a situation in which there is high petprobability. However, sometimes tests areoperdd
to evaluate individuals without such a history @bly as part of a diagnostic testing panel), sach
someone who has never eaten peanut before, oireireividuals who eat peanut and do not develop
symptoms. As a general rule, persons who canezeiyp without developing symptoms are by definition
not allergic and should not be tested for peaneikggl. Furthermore, food allergy testing should be
conducted as narrowly as possible, and avoid siegrfbr sensitization to other “common” allergehatt
may be offered as a several item panel if suclngalies were not suspected in the history. Serologic
testing can always be orded “a la carte” as siitghes, and the allergy clinican should consideinigik
the time to educate non-specialist referring clams as to why use of panel tests is potentially
problematic, or avoid use of testing when the nysi® not clearly indicative of a suspected food
allergy*®> The situation is a bit more nuanced when considean individual for testing who has never
before ingested peanut, or in someone where orgpgeal symptoms most consistent with pollen food
allergy syndrome present distinctly, in the absexfagher typical IgE mediated symptoms. In gehera
the pre-test probability for allergy would be véww, so that even if the test were detecting sezasion,
the post-test probability would still remain lowlowever, there may be certain situations wherdiama
who has never before ingested peanut has otheiaggh's, such as moderate or severe eczema poorly
responsive to therapy or a history of other fodergy, which may elevate the pre-test probabiliigee
that of the general population (but still lowerrirt@dbmeone presenting with a history of a suspected
reaction). In these scenarios, the clinician mesire to test these patients given the pre-tesighitty
is potentially elevated or for more practical re@sesuch as if the test result will help the pattenhake
a decision whether they will introduce peanut. sTikian example of preference-sensitive care, and
requires delicate handling of the risks and besefitall available options of how to manage detdeta
sensitization on testing with lower yet still eléad pre-test probability. With a detectable séeredibn
obtained in this context, performing an OFC (presignboth clinician and patient are willing) can be
very helpful but needs to be balanced by how styoihig clinician and patient believe the positiestt
result indicates a high probability of clinicalealyy and the understanding of the risk and dowastre
consequences of a conflating sensitization andgsifé*®
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However, most cases do not present asymptomatidallgssessing the clinical history, close
attention should be paid to the nature of the prtésg symptoms (to make sure these are consisiémt w
mast-cell mediator release characteristic of annhgidiated reaction), and the timing of when these
symptoms developed in association with known opsdted peanut ingestion. Symptoms typically
develop within minutes to up to about 2 hours étlare related to the peanut ingestion, and rarely
develop outside this time window. Non-classicahpjoms or time courses that fall outside this wder
should decrease the suspicion of peanut allerguygth the clinician may have to consider the
significance of an eruption/exacerbation of ataf@omatitis in a child potentially associated witaput
ingestion several hours after ingestfér® Diagnostic testing in the patient with a reaséegie-test
probability, established by eliciting a concernardikely history of symptom development attributato
peanut ingestion, can then be used to help deterthinlikelihood of a clinical allergy:** This
describes a high-utility setting of how such tests be used. One exception of note is food protein
induced enterocolitis syndrome (FPIES) to peaiitiis is a non-IgE but immune-mediated reaction,
which has a delayed onset presentation (typicaflyhburs after ingestion), resulting in protracted
vomiting to the point that lethargy and color chaifg.g., cyanosis, pallor) ensue, and in rarencsts
bloody diarrhea may result at 6-12 hours. Thesgsyms represent this very distinct entity, whigh i
hallmarked by isolated Gl involvement. FPIES dimical diagnosis, and testing for the presencigyif
for peanut FPIES is not recommended. FPIES diagramal management is discussed elsewhere, and this

document does not refer to peanut FPIES managéhent.

Potential Exceptions for Testing

A major possible exception are high-risk infants\geconsidered for early peanut introduction. As
specified in the 2017 NIAID Addendum Guidelines floe prevention of peanut allergy, a special case
may be made for screening infants who presents@ttere atopic dermatitis in the first 4-6 months of
life that is poorly controlled despite escalatikincare®® In formulating the Addendum Guidelines for
the Prevention of Peanut Allergy, an expert pappbated by the National Institutes of Allergy and
Infectious Disease (NIAID) recommended that thisspntation in these infants represents an elevated

pre-test probability of some likelihood of “pre-sting” peanut allergy (based on data from the Liegrn
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Early About Peanut Allergy Study which used theaeigular risk factors). Therefore, in this highly
specific subgroup the prior NIAID guideline did oeomend strong consideration that either peanut SPT
or slgE testing be obtained and interpreted befarky peanut introduction in these infants. Howgve
outside of this very circumscribed group, thereaherwise no formal recommendations that any
individual should have peanut SPT or slIgE testigigpite peanut introduction specifically as a scregni

measure for risk-assessméht.

Historically, another potential exception involvedting children with moderate to severe atopic
dermatitis to the common 8 food allergens (inclgdseanut), even if these foods were never prewousl
consumed. This practice reflected a concern ttmdrea is a precursor symptom of and a signifigakt r
factor for developing food allergy, and represensgtuation where the pre-test probability is poédiy
raised over that of the baseline general populati@ome degree. In these children, a diagnosis of
allergy was typically made based on research ttiedgolated positive predictive values taken from
groups of children at referral centers with se\aezema who underwent oral food challefigén recent
years, this practice has largely fallen out of faa®there has been better understanding of a) the
limitations of sensitization as a determinant afichl allergy, b) the pathogenesis of atopic deitsa
occurring independently and not as a marker pathrognic for undiagnosed food allergy, c) the risks o
prolonged allergen avoidance as a factor that raggdoxically increase the risk of food allergy
development, and d) the observation that indisciami “screening creep” was occurring in children
without risk factors or overt symptoms and the potace values were being used to establish “diagrios
out of their very tightly established contexThe underlying properties of the diagnostic téstnselves
make their use as diagnostic screening measurigsysegiven they are poorly specific and of optima
utility in the setting of high pre-test probabilityAsymptomatic, clinically irrelevant peanut séimation

iS not uncommon.

Interpreting peanut allergy sensitization

Allergy testing only confirms or refutes the presenf sensitization, requires “clinical correlation
not unlike a radiographic image, and does not iaddpntly diagnose allergic disease. Pre-test
probability can be translated to post-test oddsgute positive or negative likelihood ratios asated
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with the sensitivity and specificity of these testhich can then be used to provide a recommendatio
regarding diagnosi$:** Thus the presence/absence of sensitization sesear decreases the estimated
likelihood that a patient may experience a readidiowing peanut ingestion. The final probabildf
reaction is dependent both on the pre-test prabahiid the characteristics of the diagnostic t&ghile
this can be translated using a Fagan nomograiime process is rather intuitive in clinical praetin

many situations. Individuals with a strong hist@#yg., high pre-test probability) who are sensttize
above a critical threshold can be more confidetithgnosed with peanut allergy, and a person with a
non-specific/weak history (e.g. low pre-test prdligfh and a negative or equivocally positive test
indicating the presence of sensitization can besmonfidently assessed as not having peanut alldrgy
individuals with more questionable histories witless clear pre-test probability, the test positive
negative likelihood ratio then becomes more cruaiahfluencing the direction of the decision-makin
and ultimately diagnostic confidence may be lowwgiothat an oral food challenge (OFC) still may be

necessary to definitively establish diagndsis'®*

Clinical Conundrums Related to Testing

As alluded to earlier, there are situations wheeeclinician may encounter a patient in whom testin
was potentially inappropriately obtained, suchnaa person with no risk-factors and no history ediut
ingestion leading to symptoms. These individuady lme peanut sensitized, but the sensitization is
difficult to interpret given the lack of clinicabtha to determine context of the test value. Hezesee two
possible management choices. In clinical practi@my may follow prior data establishing positive
predictive values (most representative of smallutetpons of eczematous children undergoing OF& at
referral centef} for large skin tests or elevated peanut sIgE et result in a potential misdiagnosis of
peanut allergy leading to unnecessary avoidandtrnatively, this could be viewed as a situatidreve
a test was obtained with low pre-test probabiliéguiring OFC to provide diagnostic clarity.In some
scenarios, where it is very likely that sensitizatmay not be associated with clinical reactivitgre
may be benefit to performing a supervised OFC.sA tehallenging conundrum is the use of so-called
“alternative tests” for peanut allergy that aredmamg popular, and are frequently utilized by noadal-
certified allergists or marketed directly to patgeto order for use at home without provider ineshent.
Testing for peanut-specific IgG4 in either the syonpatic or non-symptomatic patient is not indicated

and no role for IgG4 levels in the current diagitogaradigm exist&"*> The role of IgG4 is not well
17
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understood, but in studies of food oral immunotpgrand pollen/venom immunotherapy, IgG4 levels to
the allergen in question have been noted to ineraashe patient becomes desensitized. As such, no
defined association between allergic reactivity iy levels exists. In addition, a multitude dfet
non-validated alternative tests are utilized bgrakitive medicine practitioners but have no roléhen
diagnosis of peanut allergy. This includes Medi&elease Testing, ALCAT testing, Nambudripad’s
Allergy Elimination Technique, muscle-provocati@sting, electrodermal analysis, and hair/urine
analysis** Providers should be aware of these tests, asawéfie lack of evidence supporting use, as
patients may either request such testing, or hisgady been subjected to them. Both the AAAAI and

the ACAAI have discouraged use of these alternaéists.

Utility of the Oral Food Challenge (OFC) in Diagnosing Peanut Allergy

The OFC remains the criterion reference standatddedefine peanut or any food allergy:**The
modern practice of this procedure was developddrbharles May in 1976, who described oral food
provocation challenge in 38 patients with asthmésarspected immediate hypersensitivity to f&bd.
The OFC generally provides a definitive diagnosishe outcome is apparent—under medical
supervision to observe the outcome, either theopenrsll tolerate ingestion or react. OFCs arelyare
indeterminate, so long as the patient can cooparatengest the full challenge dose, or subjective
symptoms can be avoided. While the double blitat;gbo-controlled food challenge is considered the
most objective form of OFC (and decreases theiti@el of subjective symptoms complicating
interpreting the outcome), open OFC’s are usualfficsent for clinical diagnosis and are more pieal
to conduct, though this has not been directly saiftor comparison and represents expert opihion.
Inherent in the label “challenge”, this implies thecome is not known beforehand, and thus any
challenge carries a risk of a potential allergecten, including anaphylaxis, so the clinician trioes
prepared to potentially treat, and the patient bderaware of such risk$? Detailed guidance on
conducting OFCs in patients is provided elsewféf@ OFCs are considered both time- and resource-
intensive by some, and require dedicated officespad provider expertise, which may make them less
appealing to some providers to condtictHowever, this is a routine office-based proceduith a

superb safety record in the hands of experiencedgers:?’
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506 A decision to offer an OFC is complex and indivilizeed, and providers approach this with a

507 variable degree of expertise, comfort, and desirefer the procedur€. OFC can be used to rule in as
508 well as rule out a diagnosis. However with veryhhor very low pre-test probability, the necesgity
509 offer diagnostic OFC may be low (e.g., when eitheroutcome is very likely to result in a reaction,
510 very likely to be tolerated)??"**This procedure becomes of greater importance eprobability of
511 having had a reaction to peanut is poorly deterbienbased on pre-test probability, and testing does
512 provide much assistance in formulating post-tedisodn this context the OFC can provide an objecti
513 outcome to inform decision-making. However, wiilesuch situations there may be obvious utility to
514 perform an OFC, the decision to ultimately do sy mhepend on patient-specific and provider-specific
515 factors like anxiety, vulnerability, desire to @atanut as well as the clinical judgement and vgtiess of
516 the clinician to perform the procedureé’*° Patients and families that are particularly ansiabout

517 eating peanut might prefer to avoid peanut, eveh aviower probability of reaction, rather than ergb
518 OFC.

519 Section 2: Systematic Review, Meta-Analysis, and G®E Recommendtaions on the Use of
520 Peanut Allergy Diagnostic Testing

521 Overview of guideline development process

522 This practice parameter was developed using the[@RAapproach. GRADE is a well-established

523 methodology for developing evidence-based guidslidetailed elsewhef&3® In formulating the

524  replies to our key questions we took into accolbiatquality of evidence for assessing test

525 sensitivity/specificity, combining this with howehrecommendations would be implemented and the
526 knowledge translated, including cost-effectiversfsbie recommendations. Table 1 details the GRADE
527 recommendations and evidence ratings. For mordsletahe GRADE process please refer to the Joint

528 Taskforce website primer (www.allergyparameterg.org

529 In 2017, the Joint Taskforce on Practice Paramstéymitted a concept for a peanut allergy clinical
530 practice guideline to the AAAAI/ACAAI parent orgaations. The JTFPP identified 4 liaisons to help
531 identify content experts to form a working groupetworkgroup conducted periodic calls to develop

532 central questions to be answered through systemeadews using the GRADE process, develop a search
533 strategy to identify and review the relevant litara. The working group was divided into individual

534 subgroups to evaluate the identified literature dwadt the recommendations based upon the GRADE

535 analysis, and following AMSTAR-2 criteria for systatic reviews” A working draft was prepared by
18
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the workgroup, which was then reviewed and modifigdhe JTFPP. Both groups were provided the
opportunity to comment, propose changes, and appodisapprove each statement. Consensus was
sought and reached for each recommendation’s @ireahd strength. Actual or potential conflicts of
interest were disclosed annually and transparehdisoussion was maintained. A final draft was then
approved by the JTFPP and sent to AAAAI and ACABp@inted reviewers who were asked to
comment on the statements and the rationale witbetext fields. All these comments and suggestion
were discussed during an JTFPP teleconferenceedebr comment or suggestion, the JTF evaluated
whether the statement needed to be adapted, ayaig into account the balance between desiralule an
undesirable consequences of the alternative mareagestrategies, the quality of the evidence, ared th

variability in values and preferences.

Concurrent with the AAAAI and ACAAI review, a workg draft of the guideline was then posted on
the AAAAI, ACAAI, and JTFPP websites for all membeand the public at large to review. For each
comment or suggestion, the JTF evaluated whetkestdtement needed to be adapted, again taking into
account the balance between desirable and undesoafisequences of the alternative management
strategies, the quality of the evidence, and thiabdity in values and preferences. The finalizizdft

was then sent to this journal for additional pestew before publication.

GRADE Methodology
Development of Searchable Questions

Prior to conducting a literature search, 3 pre-ijgelcPICO (Population, Intervention, Comparator,
Outcomes) format question were formulated by thekgroup and the JTF as per standard GRADE
approach® The population for study included published datapiatients with known or highly
suspected peanut allergy, who underwent oral fbatlenge (open or blinded) to establish/confirm a
clinical outcome of peanut allergy in at least 50Pparticipants, where both serologic assessment of
peanut allergen components (Ara h 1,2,3,6,8) arutiok skin testing to whole peanut extract or slgE

testing to whole peanut were obtained as markgpganut sensitization.

The questions developed were the following:
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1. In adults and children with a history of suspdgbeanut allergy and requesting evaluation wleat ar

the indications to perform or not perform diagnossst(s)?

Population: Adults and children presenting for ¢valuation of suspected peanut allergy
Intervention: Perform a diagnostic test for peaallgrgy based upon history provided
Comparator: Not perform a diagnostic test for péafiargy based upon history provided

Outcomes: Accuracy of history in determining némddiagnostic testing for peanut allergy

2a. In the patient presenting for evaluation opsased peanut allergy, should the provider usera sk

prick test, a serum-specific IgE test, or both?

Population: Adults and children presenting for ¢ivaluation of peanut allergy

Intervention: Using skin prick testing (SPT), serspecific IgE to whole peanut (sIgE) or both to
determine peanut sensitization to assist in thgndisis of peanut allergy

Comparator: Oral food challenge

Outcomes: Diagnostic accuracy of peanut allergirtg (true/false positive, true/false negative

tests)

2b. In the patient presenting for evaluation ofpgased peanut allergy, does testing peanut comp®nen

in addition to SPT or sIgE whole peanut increasgmidstic accuracy?

Population: Adults and children presenting for ¢lvaluation of peanut allergy

Intervention: Using peanut component testing, &ma,h 2, in addition to SPT or sIgE whole peanut
to determine peanut sensitization to assist irdthgnosis of peanut allergy

Comparator: Oral food challenge

Outcomes: Diagnostic accuracy of peanut allergirtg (true/false positive, true/false negative

tests)

3. In the patient presenting for evaluation of ®ased peanut allergy, do the results of diagnassits
for peanut allergy, in addition to the patient bigt help to predict the severity of a futuresedic

reaction to peanuts?

21



590
591
592
593
594
595
596

597

598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619

Population: Adults and children presenting for ¢valuation of suspected peanut allergy
Intervention: Performing a diagnostic test(s) feaput allergy to help predict the severity of aifat
allergic reaction to peanuts

Comparator: Predicting the severity of a futurergiic reaction to peanuts based solely upon the
history and without the use of a diagnostic tespfanut allergy

Outcomes: Accurate prediction of the severity &itare allergic reaction to peanuts

Literature Search and Sudy Eligibility

In conjunction with a medical librarian (KS), a a@iétd pre-specified search strategy was developed,
with input from the working group, as well as basedecently published systematic reviews on peanut
allergy diagnostic testing. Study selection wastéd to human subjects of any age who were seeking
evaluation for the diagnosis of peanut allergy, Bndlish language studies published or in prestrgja
from 1946-2018. The finalized search parameters Wesn independently run on Medline (PubMed
1946-2018) and Embase (Elsevier 1947-2018) datapagté the results combined and filtered for
duplicates. A total of 1,314 potential referenaese identified and transferred into Covidence for
review by 4 workgroup members (MG, MS, JW, JO), rehE27 studies were identified for full text
review by the same 4 authors, resulting in a feedéction of 89 studies for data extraction pentgio
searchable questions under GRADE format. (Figurd, verall PRISMA diagram and diagrams by
individual searchable question; eSupplement Ialitee search strategy and table of included stidie
The search results were combined and culled folichip entries, then uploaded into Covidence, where
minimum of two study team members independentliereed each study for eligibility for full-text
review, to determine inclusion, with this procesgaated to determine the final studies for data
extraction. Conflicts regarding inclusion werealged by a third study team member. Studies where
OFC was not performed as part of the assessmanmtnaenying the diagnostic testing were excluded
(including cohort and observational studies basedatient-reported or chart-reported history ofuga
allergy involving the use of the aforementionedydiastic tests without OFC confirmation) but was
inclusive of either prospective, retrospective ssrgectional, or case-control methodologies froth bo
pediatric and adult populations. The full-textsrens of the final studies meeting inclusion were
reviewed for data extraction of the measures gjrdbatic accuracy including sensitivity, specificity

positive/negative predictive value, and the nundférue positives, false positives, true negatiees
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false negatives. Individual study authors werdacted to provide additional data for the following

reasons.

1) To clarify information pertaining to number of sassful and non-successful challenges relative
to a reported cut-off level of the test in questihere such data was not available or
calculatable, so that sensitivity and specificibyic be calculated (e.g., obtain the cells to imfor
true/false positive and true/false negative acogrthh our pre-specified thresholds)

2) To request data not presented/analyzed in thetedlpaper according to the cut-off levels chosen
as part of this review, to enable re-tallying af thue/false positive and true/false negative cases

3) To see if additional data regarding other searehgbéstions was potentially available, that had

not been published

Studies selected for data extraction were exclifdée aforementioned measures of diagnostic tgstin
accuracy were not directly reported in the manpsanipon final review the population, use/applicati
of the index test, use/application of the referestaadard was deemed to not fit the pre-specified
inclusion criteria; or the study team could not/dat provide the requested additional details foren
tailored data to be reported per our extractioaup&ters upon being contacted to provide this

information.

Outcomes and Data Synthesis

Based on the diagnostic test used, the extracteteuof true positives, false positives, true
negatives, and false negatives with respect tofooa challenge outcome were recorded into a MSExc
spreadsheet, as classified by a conservative €lgva of these tests (for diagnosis, >0.35AUfor
slgE and Ara h 2 sIgE, >3mm for SPT; for sever)KU,/L for sIgE, >2 KUW/L Ara h 2 sIgg, >10
mm for SPT) relative to the oral food challengef@aned in the study. To assess potential influerfce
Ara h 6 and Ara h 8 on diagnostic accuracy, preifipd subgroup analyses were planned based on data
availability. Meta-analysis of the pooled sendivspecificity, positive and negative likelihooatios
(with visual display of these ratios) on a Fagamidgram set to a range of potential lower (30%) and
higher (70%) situational pre-test probabilitie(esenting a clinical suspicion of a diagnosis dase
history before a test is performed) of a patienirigapeanut allergy. Data analysis was performed i
Stata, version 15 using the MIDAS command (petchotktrandom effects modéf Study
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heterogeneity was reported by tAstatistic. Risk of bias was assessed using th&DAS-2 tool.
Publication bias was assessed using funnel plotsbssible>’ GRADEpro software was used to
construct the evidence profiles and calculate Hselate effects® Pre-specified sensitivity analyses were
planned to explore inclusion only of trials withulibe blinded challenges as opposed to other clgalen
types, to assess the effects of geographical registudy, and pediatric vs. non-pediatric studies
permissible. Additional post-hoc sensitivity arsdg were performed to verify impact of inclusiorany
study on the estimates where there was elevatedfrisias based on patient selection and flow/tanin
comparison of individual pooled test precision véh8PT/sIgE, sIgE/Ara h 2, or all 3 tests were
simultaneously performed, (which per the JTFPP pvaitized as the top sensitivity analysis to reépo
despite this being post hoc, given it most direatigwers the searched questions). Data were additio
synthesized narratively. The systematic revievegss followed AMSTARR criteri&’. Lastly, cost-
effectiveness analysis using simulated cohorts Miinkov modeling over a 20-year horizon, from a
societal perspective, was performed to assessat@cuihealth and economic benefits of the use of the

individual diagnostic tests (see eSupplement 2).

Reaching workgroup consensus on statements and cdusions:

Where GRADE was not appropriate to answer a pdaticqquestion, the workgroup employed a
modified Delphi process for the determination & tBtrength of the recommendation” and the
“Statement profile” for each question. The Delptathod is a structured, interactive, decision-mgkin
process used by a panel of experts to arrive ahsensus when there are differing views and
perspectives”*! For any statement or conclusion in which there avdiference of opinion, a modified
Delphi method was used. Workgroup members provésheshymous answers via email to the JTFPP
administrative director (AD) to the questions betogsidered. The AD provided via teleconference an
anonymous summary of the experts’ answers andmedley provided for their responses. The
workgroup members discussed all the answers andibee encouraged to modify their answers on the

next round(s) of email voting and teleconferenads a consensus was reached.

Results
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Question 1:Should diagnostic testing for peanut allergy bdgueed in adults and children with a

history of suspected peanut allergy who are requgesialuation for peanut allergy?

Recommendation 1a:We suggest in favor of diagnostic (skin prick amuse sIgE) testing for
peanut allergy in patients with a 1) physician-eddnigh pre-test probability of peanut allergy2pr
prior to an oral food challenge for patients witbdarate pre-test probability of peanut allergyhwit
whom shared decision-making has been employedit@ at the final decisiarConditional
recommendation; Certainty of evidence: very low

Recommendation 1b:We suggest against diagnostic testing in patieheyevthere is low or very
low pre-test probability of peanut allergyonditional recommendation; Certainty of evidencevery

low

Agreement by the workgroup (By Delphi: 1a 9/9 agree; 1b 9/9 agree).

Quiality of Evidence: This question was determined to not be searchadnler GRADE format.

Evidence Summary

This question was not searched in a systematic enasthe content experts were unaware of anyesing|
research study that addressed this question. Hoywexgert evidence was collected both from the
content experts, the JTFPP, and the known premalitire most relevant to this topic. Expert evidenc
differs from expert opinion, in that the former do®t include a judgment on the evidence and o#fers

systematic and transparent appraisal of the evifénc

Discussion

Testing for peanut allergy is of the highest wtilithen there is a history of a known or suspected
ingestion of peanut leading to symptoms of an Igiliated reaction. The identification of individuéds
whom testing is indicated requires careful consitien of the clinical history and of epidemiologisk

factors which may increase or decrease the oddawwhg peanut allergy (e.g., severe atopic derinatit
another food allergy). Persons with no historp@dnut ingestion or an unknown history of ingestion
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(without other potential risk factors for developifood allergy), or who asymptomatically ingestmga
with impunity should generally not be tested foamet allergy:’*® The estimated pre-test probability of
peanut allergy in these situations is very low, enohost circumstances detection of sensitizatiath

not shift the post-test odds of diagnosis appré&gciahd will require peanut challenge to resolve the
diagnosis. Peanut allergy testing itself is ndinitevely diagnostic of peanut allergy, as asymmptdic
sensitization is not uncommamherefore, identifying individuals with a strongegtest probability for
peanut allergy is imperative in the optimal uséiafjnostic testing and making an accurate diagmdsis

peanut allergy.

Apart from the high-risk infant meeting NIAID addkmm 1 criteria, there are potential situations wher
some providers may ascribe a higher pre-test pilitlyatf peanut allergy to a child who has nevetrega
peanut, and feel that testing may be desired. Téeserally apply to peanut naive individuals withes
potential risk factors for developing food allef@yg., moderate to severe eczema and/or other food
allergy), where the pre-test probability may bdalaly elevated but generally perceived as greaar t
that of the general population, though still lowgan someone with a suspected reaction histoiyr. F
example, consider the cases of the younger siblirgpeanut allergic child whose family is reludtem
introduce peanut; a child with milk, egg, tree aubther food allergy; or the child with delayedapat
introduction for other reasons. The decision #b ite these circumstances represents a preference-
sensitive care option, and in the context of shdemilsion-making and a thorough explanation of the
risks and benefits associated with the prefererosive care choices, testing for peanut sensiiza
may be a reasonable choice. This choice is sutgesttared decision making with the patient, and
consideration of the risks and benefits of the pidéuse of oral challenge to help confirm the tes
results, the magnitude of the degree to whichitlkeis appreciably different than that of the gaher
population, as well as the potential for the lik@bd and consequences of overdiagnosis resutaomgy f
detection of asymptomatic peanut sensitizatiorcii@lenge is not performed. No decision-aid fas th

has been developed, however, though this wouldtenpally useful.

To some degree, clinicians should be advised tiegtshould be prepared to offer OFC to patients@he
the pre-test probability is no higher than modenateertainty remains, and the patient still dassire
testing. The risks and consequences of a diagobsarying potential accuracy or probability rethte

a potentially false positive detection of sensttmamay or may not outweigh the potential benefit
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gained through an at-home introduction or an ineefOFC for some families. Table 3 details some
considerations for these situations. Testing thenger sibling of a peanut allergic individual (Wihoes
not otherwise meet the addendum 1 high-risk cajdyefore peanut introduction has not been shown to
be cost-effective unless: a) the baseline prevalefpeanut allergy in younger siblings is >11%tHajt
every peanut sensitized child undergoes an OF@twrmine actual outcome; and c) the health utility
detriment from the initial reaction to peanut wasyexperienced with at-home introduction and not
under an OFC in the office. Without OFC being perfed, pre-testing was only cost-effective if the

baseline prevalence of peanut allergy in youndsingjs was >63%>

More importantly, it is also crucial to considee ghatient who presents to the allergist’s officéhvai test
indicating detection of peanut sensitization, ag hever eaten peanut before. Here, the conéegt the
presumed pre-test probability) under which thedesioting sensitization was obtained (and its pizken
interpretation) also requires careful consideratidhis as well may represent a situation of agresfce-
sensitive choice where a role for shared decisiaking arises, with consideration for the benefit of
performing an OFC to better determine the outcomeeilsl be very carefully weighed against the risk of
potential misdiagnosis (and recommended avoiddnoe) a falsely positive test. The presence of the
detectable peanut sensitization itself cannot, hewde used as a condition of “elevated” pre-test

probability (which is determined solely by the @i history).

Question 2a: In the patient presenting for evaluabn of suspected peanut allergy, which of the
three tests—SPT, sIgE to whole peanut, or Ara h 2euld provide the highest diagnostic accuracy

as determined by the more optimal positive/negativikelihood ratio?

Question 2b: In a patient presenting for evaluatiorof suspected peanut allergy, does testing for
peanut components in addition to either SPT or slgEo whole peanut increase the diagnostic

accuracy?
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Recommendation 2aWe suggest in favor of Ara h2 diagnostic testing fpatient presenting for
evaluation of suspected peanut allergy for whisingle diagnostic test is to be used, as Ara hZ2
would provide the best diagnostic accuracy as oheted by virtue of more optimal
positive/negative likelihood ratios. However, whilea h 2 has the greatest specificity, it has
lower sensitivity than SPT and sIgE, and in a patrgth a high prior probability, the clinician
may use Ara h 2, SPT, or sIgE to confirm the diagof peanut allergyConditional
recommendation. Certainty of evidence: low.

Recommendation 2bWe suggest against routine use of routine userapooent testing in
addition to either to skin prick test or sIgE toolMpeanut to increase diagnostic accuracy.

Conditional recommendation Certainty of evidence: very low

Clinical Statement: For GRADE analysis, Ara h 2 was compared to skitkgest and sIgE to whole
peanut for the diagnosis of peanut allergy. Prendatan interchangeably use either SPT or serologic
testing for whole peanut extract IgE, taking inbe@unt availability of the test, patient preferersadety,
cost, and whether there are patient factors theiyie use of one or both tests. Both tests hig¥e h
sensitivity but poor specificity in identifying dribod challenge reactive patients at cut-off lewef

3mm wheal size SPT or 0.35 KIL peanut-specific IgE. No data were available rdue use of the

tests in tandem or reflexively. In sensitivity aysas where both tests were available, there waisnalin
difference in the overall sensitivity/specificitgtiveen these modalities, and these were simildueto
precision in the base analyses of each test ingiliyl However, as a single stand-alone test, coathba

to either SPT or slIgE testing to whole peanut ekxtiara h 2 has the most optimal combination of
positive and negative likelihood ratio, and has Imhbigher specificity, likely decreasing the numbgr

false positive cases where sensitization is detedtéhile Ara h 2 had the greatest specificity in
confirming the diagnosis, it had lower sensitiwithien compared with SPT or sIgE. In evaluating
diagnostic accuracy, the summary receiving opegatiraracteristic (ROC) curves demonstrated greatest
area under the curve (AUC) for Ara h 2 (0.92) whempared to SPT (0.89) and sIgE (0.81). Despite the
test characteristics, future research is needebdtter clarify the role of Ara h 2 as a stand-aloreasure

of peanut sensitization in the patient seekinguetain for possible peanut allergy. In studies wh&ma

h 2 was evaluated with sIgE or where all 3 testew®aluated, the precision advantage for Araid2 d
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not change. A potential risk associated with ugirggh 2 as a stand-alone test is that an allergic
individual may be sensitized to other componentsibuto Ara h 2, though this may be balanced by
superior test precision of this approach and wasraodated for in design of the meta-analysis which
used OFC as the gold standard for diagnosis. \Wocethe clinician that despite undetectable
sensitization on SPT, sIgE, or Ara h2 testing, thate is a small possibility the individual cosldl be
peanut allergic. If clinical suspicion remainsvalieed, further evaluation through an oral food lemagje,

is potentially indicated.

The literature search did not provide patient-lelagh to determine the value of testing for peanut
components in addition to skin prick test or sigivhole peanut to increase diagnostic accuracys,Thu
the use and value of components, including reflexase of Ara h 2, remains a knowledge gap. Tlsere i
an unclear utility for measuring sIgE to any otbemmercially available peanut components (Ara h 1,
Ara h 3, Arah 6, Ara h 8, Ara h 9) if peanut sigielevated or SPT >3mm (both indicating

sensitization), given the limited available datgpenformance of components beyond Ara h 2.

Evidence Summary (Questions 2a and 2b):

For SPT and sIgE to whole peanut, from the 89lagtiselected for final evidence synthesis, 56
directly pertained to this question. Of theseh3d data available for extraction (5 studies hadata
available, 10 authors did not respond to requestddta, and 9 studies had available data but cuild
be analyzed due to zero-cell interactions in th2t2kle). A total of 18 studies (n=2124 patiemisje
pooled for evidence synthesis for SP¥and 30 studies (n=3989 patients) for sfgg?>0->1:53:54567R g
literature was identified that detailed the simuodtaus, tandem, or reflexive use of both SPT ard &ig
whole peanut. Figure 2a details the summary fgrestfor the pooled sensitivity, specificity, andtb
positive and negative likelihood ratios for a predin test to whole peanut extract of 3 mm or great
and Figure 2b for peanut serum-specific IgE of KBB/L or higher. The summary measures for each
test are presented in Table 4. Heterogeneity a¢hese studies was high, and this is reflected in
downgrading under inconsistency. Figures 3 anetdildFagan nomograms for a practical general
example of how to roughly interpret the utilitytbese tests, set at a pre-specified pre-test pitipaih
2% (general population prevalence), 30% (low sugpjcand 70% (high suspicion). These homograms
show that the likelihood ratio for sensitizatiorBatm or 0.35 KW/L at 2% or 30% pre-test probability
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do not translate to post-test odds >50%, but af @8é pre-test probability this is raised to ~80%.
Negative likelihood ratios do largely decrease fpest odds in all three scenarios. Based on tthaise
both SPT and slgE to whole peanut can be usedh@egeably, and this is a preference-sensitivecehoi
given no discernable advantage in terms of tesigom. There were no data noted that indicategusi
both tests together was disadvantageous. BotheS8&TFIgE to whole peanut have similarly high
sensitivity but poor specificity, with serologicsteng having slightly higher specificity in identihg oral
food challenge reactive patients at the assesdeaffdavels. Table 3 additionally includes sensty
analysis for the individual sensitivity/specificity SPT and sIgE assessed when both tests wersadse
in the same study. The clinician should be advifate inherent weaknesses of either of these tests
having relatively poor specificity, in that this ynpredispose to a higher rate of falsely positiggedtion

of peanut sensitization.

For Ara h 2 component-specific IgE, from the 8%ctet selected for final evidence synthesis, 41
directly pertained to this question. Of thesehad data available for extraction (11 authors @id n
respond to a request for additional data, 6 agidld not have data available). This resultedtiota of
24 studies (n=2289 patients) pooled for evidenoghgpis!®*/=0->1:>7:29.60.64,71-88,54,56,65-67.78-80Th
summary measures for Ara h 2 are presented in 4ablegure 5 detail the summary forest plot fa th
pooled sensitivity and specificity, for Ara h 2 peaserum-specific IgE of 0.35 KL or higher.
Heterogeneity across these studies was high.ré-ydetails Fagan nomograms for the use of these
tests, set at a pre-specified pre-test probalafiBfs (population prevalence), 30% (low suspiciandl
70% (high suspicion). These nomograms show tledlikblihood ratio for Ara h 2 sensitization at®.3
KUA/L at 2% or 30% pre-test probability translat@ést-test odds of 10% and 70%, but at the 70% pre-
test probability translates to 89% post-test oddegative likelihood ratios do largely decreaset-pest
odds in all three scenarios.

We were unable to find sufficient number of stud@analyze any other individual peanut
components or pool the use of component panelsreidre, we can offer no comment regarding the role
or significance of evaluating these other compaherdividually or in aggregate, or what the clihica
implications of their use may be. Similarly, therere no studies identified comparing reflexive ake
Ara h 2 or any components after SPT or sIgE. Thene no studies identified that evaluated the
comparative efficacy of Ara h 2 as a stand-alosedempared to any other component or whole peanut

PST or slgE in their use for clinical decision-nraki A potential advantage of Ara h 2 relative RIS
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and slgE to whole peanut is higher specificityjohimay reduce the number of falsely positive cases
sensitization identified, though a disadvantagaiscould risk a falsely negative case if somesne
sensitized to other components but not Ara h 2. él@r, the high sensitivity and specificity of tlestt
may limit this risk. In studies where Ara h 2 wasleated with sIgE or where all 3 tests were evalilia
Ara h 2 consistently had slightly lower sensitivityt much higher specificity, and a more optimal
positive/negative likelihood ratio, comparativeljhis is similar to the difference noted in thedaase

where the tests were evaluated individually (Table

Quality of Evidence: Tables 5a and 5b details the summary of GRADE ewxeédor both SPT and sIgE.
There is moderate certainty of evidence for usatber test, and the estimate was downgraded ané po
for risk of bias. Table 6 details the certaintyegidence for the use of Ara h 2. There is lowaiety of

evidence, and this estimate was downgraded on¢ fooinsk of bias and one point for inconsistency.

Discussion

In practice, SPT and sIgE are often used intercbelnly and at the preference of the ordering
clinician or the family. Many clinicians may usefie tests in tandem with one another as well, thoog
evidence exists to specifically evaluate this pcactHowever, this meta-analysis highlights that Ar2
is the single best choice based on the most optiorabination of positive and negative likelihootas,
leveraged by a very high specificity that clinigatbn translate to a much lower change of a falsely
positive diagnosis of peanut allergy. The redurciiothe false positive cased provides tremendous

clinical value. A 2009 systematic review by Chageral®!

noted no statistically significant differences
between the diagnostic utility of food-specific S&Td sIgE when comparing their summary ROC
curves. A 2015 systematic review by Klemans e#dd the sensitivity of peanut SPT was 0.66-1 the
specificity 0-0.95, and the positive and negatikelihood ratios between 1-3.91 and 0-0.65 respeisti

For peanut slIgE, this had sensitivity between Q $p#cificity between 0-0.63, and positive and tiega
likelihood ratios between 0.95-2.15 and 0-0.56 eeipely®? Overall both SPT and sIgE to whole peanut
have very similar test precision, with a very sligilative advantage in sensitivity (0.02) and dpzty
(0.08) for skin testing over sIgE testing. In gatting of the high-risk infant being evaluateddarly
peanut introduction, the NIAID guideline specifigalecommended SPT as the preferred modality when
available, though non-allergists can elect to ggrahut sIgE and refer patients for further evatunatir

recommend at-home introduction in this populaffbThis recommendation was based on data from the
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LEAP study, suggesting that SPTprovided bettersdiaation of peanut allergic infants after peanut
challenge than serologic testiffg.

There is widespread availability of component tesand several publications have concluded that
Ara h 2 may have unique diagnostic value, whichleéd$o debate about whether the clinician should
routinely test for IgE to peanut components ane lsisgnostic decisions solely on these re§tils.
practice, the clinician has the option to requestst for peanut components in combination with ehol
peanut SPT and/or peanut specific IgE, or regesit for component testing as a stand-alonethest (
Ara h 2 refernce code is f423 under CPT 86003).l&\ffeanut components are run as single individual
tests, these are most commonly offered as a pgregrbmercial labs at present. To date, no practice
parameter or clinical practice guideline has adiextaelective use of one or a panel of componess 0
whole peanut SPT or sIgE, how components, incluglisgassessment of Ara h 2, could be used in
tandem or reflexively with these tests, or spealljcrecommend how use of components definitively
provides a diagnostic advantdgg:’® There is limited study of other component testhag was found
in this literature search. Ara h 6 sensitizati®an emerging area of investigatf§mnd one study of Ara
h 8 mono-sensitization suggested a potential rotBscriminating asymptomatic peanut sensitization
from allergy, more likely to have clinical relevaninn geographic areas where birch pollen is
endemic>® However, we found few studies that reported chaleproven outcomes meeting our
selection criteria for components apart from A land very limited studies that evaluated usengis
vs. panels of peanut components. Thus, we aréupiert from commenting any further on specific use
of components such as Ara h 6 or Ara h 8, and gagntial value in assisting the clinician in nraka

diagnosis of peanut allergy.

No studies were identified evaluating tandem usg&RT and sIgE to whole peanut. Many studies
had both SPT and sIgE measured together, anddhednal results are incorporated in the respective
analyses. However, we offer no recommendatiohigotandem approach, perceived to be commonly
done in practice. In studies where both SPT agi slere reported, the pooled sensitivity/specificit
results were very similar to the base analysesyeiftettive of those same small differences. Sirtyl
no studies were identified evaluating reflexiveaardem use of Ara h 2 or any component with SPT and
slgE to whole peanut, and it is unclear how compbtesting would be optimally positioned in a
clinician’s arsenal. Future studies are requicefiitther evaluate Ara h 2 as a stand-alone maifker,

components should be tested reflexively after §gasbn to whole peanut is denoted or even teated
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all. Importantly, in the context of either veryasig or very weak pre-test probability, it is detide if
components (including Ara h 2) offer any additiodelgnostic leverage over whole peanut testing, or
supersedes the OFC if there was any doubt. In&umstances, even the good positive likelihood
ratio associated with Ara h 2 would not likely charthe clinical decision-making or provide moreueal
than the OFC.

Ara h 2 may have more value vs. other testing aptio the context of a questionable history and
whole peanut sensitization given its higher speityfi in particular in areas with high birch (ordh
cross-reactive) pollen. However, additional resied needed to more robustly evaluate such use, an
we noted insufficient numbers of study specificédly this application. There is no universal-offt
value for any component (including Ara h 2) that caed to reliably predict peanut allergy--suclelsv
vary considerably by geographic region, populatésted, and possibly by adé®’ As was noted in
guestion 1, there may be situations where a ciinionay ascribe a higher pre-test probability tbiklc
who has never eaten peanut before (apart from fatisey under NIAID Addendum 1
recommendations), and desire to obtain Ara h 2 oot testing. Overall, use of Ara h 2 at pregent
limited in the capacity of a corroborating testlicated when there is sufficient pre-test probghibr
peanut allergy, and not in the capacity of a senggtest where there is no pre-test probabilithisTis
demonstrated in the Fagan nomograms in figure &hahay help illustrate practical general examples

of how the test may be reasonably interpreted udifferent hypothetical pre-test probabilities.

There are several other considerations regardsigteference, including safety, cost, patient
features that may drive the choice, availability @nactice patterns. SPT is associated with an
exceptionally rare risk of systemic reactions (@%j¢ with 75% of cases attributable to food), though
those doing skin testing should be prepared tontiatly treat anaphylaxi€® There also are data
demonstrating that there are more side effects figia testing vs. SPT based on assessment in the
NHANES study. The cost of SPT and sIgE tests vaesng different offices and laboratories, but has
been reported to be from 2-7 times less expengwéegt for SPT (typically ~$8 per SPT and $10-20 p
allergen for sIgE test, including components, thoogmponents are presently available only as a full
panel).(http://health.costhelper.com/allergy-testing.htn)ertain patient-related factors may make SPTcditf
to perform, such as inability to stop medicatiorihanti-histamine activity, severe dermatographism
unstable asthma, patients who may be averse toadd af the procedure (such as young children) and

hard to control eczema with extensive skin involean® However, since SPT can be done on the back
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or arm or may be possible on other unaffected areskin, it is often possible to do the test evat
extensive eczema or delay this until the eczenmna as calmed down. The advantage of SPT isttlsat i
a point of care test that can be rapidly performedinic, but a trained specialist generally penfis this.
There are few limitations to sIgE testing, and mfteultiple allergens can be assessed from 2-5 mL of
blood obtained from routine venipuncture. The igsiot point of care, howevét. As was noted in
guestion 1, there may be situations in which datin may ascribe a higher pre-test probabilitg whild
who has never eaten peanut before (apart from fatisey under NIAID Addendum 1
recommendations), and desire to obtain peanut PSIgB. The Fagan nomograms in figures 3,4, and 6

may help provide guidance for how the test maydasanably interpreted in such a scenario.

Test thresholds of 3 mm for SPT and 0.3%KUfor sIgE and Ara h 2 sIgE were chosen for analys
of this question. These represent sensitizatioel$eat which a patient traditionally would be calesed
to have a test indicating allergic sensitizatidimese are the most widely published “cut-off” levigl the
literature, though higher levels, including levieldicative of reported positive predictive valuesvé
also been reported, and more recently, lower lesfels1 KUn/L are being commonly report&d®® We
considered different levels (both higher and IQvieert disfavored such an approach as this woul@ hav
reduced the number of citations that would have lzeilable, and made the analysis even more
dependent on the goodwill of authors sending us aatonfigured to our needs. A problem uniquééo t
newer conventions of reporting to the technicaldolimit of detection at 0.1 KAJL is that many
studies otherwise eligible for inclusion in our méawere performed before reporting to this lower
standard was available, and would have limitedtotal numbers. More importantly, we are unaware of
any literature indicating that sensitization betw8el and 0.34 KWL is of clinical significance, as
opposed to ample literature that clearly has defsensitization >0.35 KAJL as significant. Lastly, we
did not attempt to provide a positive predictivéuea(PPV) for these cut-off levels. The PPV is
dependent on a population prevalence of diseasehwie do not know and did not assess. Instead, we
report likelihood ratios and provide example Fagamograms for how the test results could be

interpreted at a clinic level, which is a more aateiand appropriate analysis.

Question 3: In the patient presenting for evaluatio of suspected peanut allergy, can the results of

a diagnostic test be used to predict the severityf an allergic reaction?
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Recommendation 3:We suggest against the clinician using the restiltssSPT, sIgE to whole peanut
extract, or sIgE to peanut components to deteraninallergy phenotype or to predict the severitg of

future reactionConditional recommendation.Certainty of evidence: very low.

Clinical statement:

There was inadequate patient-level data to forrada@RADE recommendation on the use of a
peanut diagnostic test for predicting the severiitg future allergic reaction across a contiuoungesof
test result values; however, dichotomous cut-affigs of 10mm (SPT), 50 KL, and 2 KW/L (Ara h

2) demonstrated low sensitivity and specificity &oiuture severe reaction.

Evidence Summary:

From the 89 articles selected for final evidena#lsgsis, 31 directly pertained to this questiori. O
these, 16 had data available for extraction (1Bastdid not respond to a request for additiontd,dh
study did not have data available). A total ostitlies were pooled for evidence synthesis (1@(farh
2 at 2 KU\/L, n=845 patient§®°3°4°6>7.6065.7783 for whole peanut sIgE at 50 KL, n=1051
patients!®48°3:5456.60.70.91. %5 t5r SPT 10 mm, n=737 patietits*>°*>"09%%. The summary measures
for each test are presented in table 4. Figur@sl&tail the summary forest plot for the pooledsgerity
and specificity for cut off levels for severe reaws for Ara h 2 peanut serum-specific IgE of 24AUor
higher, whole peanut sIgE at 50 KU, and for SPT 10 mm. Due to both low sensitidtd specificity,
with no individual measure greater than 0.68 for ahthese analyses, likelihood ratios and Fagan
nomograms were not reported. Heterogeneity athese studies was high. Based on these data, this
analysis notes exceptionally poor sensitivity goecicity for these cut-off values, which diffédrem a
similar analysis by Klemans et al in a 2015 systesmaview where Ara h 2 as a marker of severitg wa
concluded to have more potential. Klemans exjploged several different cut-off levels than wd oh
this analysis, though did so with far less studiekided per cut-off level investigatét. Therefore, the
results of this analysis should be interpreted sigraficant caution to clinicians against using th
dichotomous sensitization cut-offs studied to whgganut (skin/blood) or peanut component (blood as
surrogate to determine if someone will have a &is@vere reaction or has a “severe” reaction plpaot
This caution is pending further future studies afcim higher quality, more consistently defining seye

with less selection bias, and with more patien¢l@ata for analysis. There were insufficient bens
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of other studies to comment regarding the rolegmificance of evaluating these other components

individually or in aggregate to determine if theseny test that may infer reaction severity.

Evidence Srength: Tables 7a-c detail the certainty of evidence ferube of Ara h 2, sigE, and SPT at
these stated cut-off levels for the assessmeihieo$everity of a reaction. There is very low datyeof
evidence for all three of these measures and shimate was downgraded one point for risk of brak a
two points for inconsistency (based on the higlertogfeneity of the sensitivity and specificity ofopex

studies, and a different definition of severity algahe studies).

Discussion

There is no relationship indicating that the degregensitization is predictive of the underlying
severity of the reaction to peanut, using eith@r sk serologic markers, whole allergen or compaénen
This includes any single test, component, or pahtdsts. Importantly, the clinician is adviseciagt
making the interpretation that sensitization (atttiresholds evaluated) will predict if someonéd alve
a severe reaction or not. Per our meta-analysiseacut-off levels reported, there is no clegrgdictive
relationship with reaction severity from availablta (regardless of the criteria used to definerssgy,
at the levels of sensitization evaluated. Seweaetions can still occur with low/lower sensitipati
levels. Multiple practice parameters, guidelinad systematic reviews have repeatedly emphasized
these point$*"*® A few individual peanut component-based studasetsuggested some degree of
association between the recognition of discretelteof Ara h 2 and history of a severe allergictiea,
though a greater number of studies have noted ctoassociation, and many of these have multiple
biased”? At our chosen cut-off levels (Ara h 2 2 KIlI; PST 10mm, sIgE 50 KAJL), we were unable to
identify a relationship to severity, though if eati-level data were available for pooling and extdun
of sensitization as continuous variables, it issgae a relationship could exist. We caution thate is
very serious risk of bias among even the few numbgstudies we included. In particular, many &sid
did not assess severity using Ara h 2, and smellision numbers may present a misleading estimate
due to omission of data.
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1012 There is some evidence that singular recognitiofrafh 8 sensitization (in the absence of other

1013 component recognition) may be suggestive as a patemscriminator of pollen cross-sensitization in
1014 individuals residing in particular geographic aréag., birch-pollen endemic areas such as théeast
1015 US or northern Europe) who are likely to only ex@ece oropharyngeal, transient itching from peanut
1016 ingestion (e.g., pollen food allergy syndrom&)However, we could not analyze this question duew
1017 study numbers evaluating this relationship thatimgusion criteria (specifically that 50% of the

1018 population underwent OFC). Furthermore, while sexygert opinions may support that Arah 8

1019 monosensitization is a potential indicator of polfeod allergy syndrome and surrogate for low oéla
1020 severe reaction, these findings lack definitiveficoration in this and prior meta-analy$fs.Importantly,
1021 we found insufficient numbers of studies for comgats apart from Ara h 2 meeting our criteria tolpoo
1022 for analysis and cannot comment on the clinicdikyibf these tests without further rigorous study
1023 validate this concept.

1024 Regional geography may influence component seasiiz patterns, in particular with the pollen
1025 cross-sensitized individuals, which complicate ssisg the relationship between sensitization and

1026 severity. Two studies have shown differences mmanent recognition patterns in patients in norther
1027 Europe (Sweden), southern Europe (Spain), and 8% ®lew York City), as well as differing patterns
1028 among different regions in the USA (as noted foclbendemic areas such as the northeast) which may
1029 complicate the use of any particular componentgtsemotypic discriminatd. For instance, in birch

1030 endemic areas, Ara h 8 may behave as a crossta@gsiharker, and has been proposed to help identif
1031 such individuals from those recognizing other pgritén peanut. Ara h 9 could have relevance as a
1032 component associated with lipid transfer proteimdsgme in certain areas of the world (such as the
1033 Mediterranean coast), with high potential to casystemic reaction in sensitized individuals) wherea
1034 elsewhere it behaves similarly to Ara h 8 as a eraktree pollen sensitizatidh Therefore, it is unclear
1035 the degree to which severity of a reaction mayftez#ed by such geographical differences influegcin
1036 component recognition, and this area of comporesgarch remains promising, but at present repsesent

1037 aknowledge gap.

1038 Importantly, there are issues of bias that mushgly be considered regarding the studies noting an
1039 association between sensitization levels and dgvdviost of these studies suffer from multipledsis,
1040 the most concerning of which is patient selectiomf serum banks within retrospective cohorts, acH |

1041 of generalizability of the sample used for analyd#any of these studies also lack clear comparisan
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reference (“gold”) standard, tended to be conduotegin certain aged samples, and lacked prospecti
use of an OFC complicating an objective determamadif reaction severity. Study of severe reactisns
further hampered given a predilection to not cimgéestrongly sensitized individuals with a suppayti
clinical history, as well as ethical consideratitmpromptly treat reactions when individuals are

challenged, which preclude determining how severmaation could be.

The cut-off levels chosen for this analysis wergddobon review of the literature, where we could
include the maximal number of studies, and reptasatistically large sensitization levels. Foasens
discussed previously, we do not report to the Idm@t of detection, other levels of sensitizatiam,

attempted to derive a PPV for severe reactivity.
Analysis of Health and Economic Benefits of Pedhagnostic Strategies

Cost-effectiveness of peanut allergy diagnogtitoos was evaluated with decision analysis
informed by results of the meta-analysis of diagjnagperating characteristics of single ara h Eslg
whole peanut slgE, and SPT. The results of thswig Ara h 2 to be the superior choice in teriins o
overall cost-savings and accumulation in termsuaflity-adjusted life years (QALY), are detailedtlre

eSupplement 2, eTables 1-2, and eFigures 1-4.
Sensitivity Analyses

In our protocol we pre-specified sensitivity analybased on OFC type, geographical region of
where the study was conducted, and patient agepeiermed additional post-hoc sensitivity analyses
for studies that had high risk of bias where battigmt selection and flow/timing were noted to $®ies.
These results are shown in table 4,8, and suppkahfegures 5-11. Additional supplemental figures
display summary receiver operating characteristiges, as an alternative to the sensitivity forpdsts
for the skin test, sIgE and Ara h 2 cut offs (seppéntal figure 10) and for potential reaction sigyer

(supplemental figure 11).

Finally we performed one additional, more detagdedsitivity analysis of a very limited number of
studies to further assess question 3 and exploeeosiskin prick tests and levels of serum spedifi€ to
peanut or its components as predictors of seveeyal reactions. Of the available data from the
diagnostic dataset, we then meta-analyzed acrogestany adjusted measures of association for skin
prick tests, serum-specific IgE to either wholermgar Ara h 2. In some cases, we generated tletae d

using each study’s reported primary data by logigtgression adjusting for at minimum, age and sex.
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For skin prick tests of 8mm or greater, randomatéfeneta-analysis of Preetie/an Erp* and Lewi§®
showed the adjusted odds ratio (aOR) to be 1.0%(95.95-1.15] for systemic reactions. Pooling van
Erp>* Balmer-WebeP? and Glaumanrt yielded aOR 1.02 (95%CI 1.00-1.05) for Ara h 2ax@i
systemic reactions. While this may be statisticsigynificant, 2%, even 5% (the upper limit of the
95%Cl), increase in odds is not clinically sigrdiit. Lastly, we pooled Balmer-Web&iGlaumanrr?
Lewis ™ and Wensin® and found a pooled aOR of 1.78 (95%Cl 0.64-4.66peanut IgE > 50 kU/L
and systemic reactions. These data lend supptretourrent recommendation and highlight spardity o
data on prognostic performance of these commonfl@&rad biomarkers, leading to imprecision and
therefore, less certainty at to which factors & fer and counsel patients around. As well theghlight

the need for uniform data collection and reportmépod allergy studies involving tests.

Risk of Bias Assessment

Risk of bias was assessed using the QUADAS-2 assessool >’ This noted some instances where
high risk was noted pertaining to the studies ftiree risk of bias or applicability. The resultstbis are
detailed in figure 10. Sensitivity analyses fdr3asearchable questions were completed after rergov
studies judged to have high risk for bias basepgatient selection and flow/timing of the testinglan
challenge but this did not alter the pooled sengitand specificity estimates to an appreciable or

significant degree.

General Limitations of this Practice Parameter @GRINDE Recommendations

There are multiple limitations to this analysiorémost, we were only able to address
prespecified 3 questions, including one that wasearchable, in the scope of this analysis. dbes
not imply that there are other factors or issugkiwipeanut allergy diagnostic testing that are les
important. The JTFPP did limit the questions itgaded, for pragmatic reasons to ensure we could
produce a GRADE based parameter in the timefratottead. All parameters going forward give priority
to offering focused updates to formerly publisheduiments using GRADE format. Therefore, this
document updates the Diagnostic Testing parameter 2008 with a focus on the use of diagnostic
testing for peanut allergy. GRADE is not the osygtem for evidence-based reviews, but is the chose

system for the JTFPP. GRADE has multiple noteddtions, including forced downgrading of certainty
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and strength of recommendation based on partistudly attributes, and a general trend that theatlver
strength of recommendations are rarely strdifg.Peanut components were not commercially available
before the latter part of the 2000’s and thusniay have introduced not-at-random factors about the
types of patients studied in those compared teeeatudies when components were not availablélyFa
low cut-off levels were chosen in the analysisréasons detailed in the sub-sections, but thisirenza

limitation in that the relative precision of thetenay perform differently at different levels.

We found a scarcity of available studies in owréture search that met the OFC criteria and eaglor
use of these tests at a general population |eMetrefore, most included studies either involvedfarral
center cohort, or in many cases, a referral ceateort enriched for patients with known sensitizati
(skin and/or serologic IgE testing) as selectioteia before being offered OFC. In choosing the
selection criteria and evaluating studies for finalusion, it was felt that this was an acceptapproach
given that the specialist clinician would generdlé/dealing with issues surrounding test interpicgtan
this population, and be less concerned with faégmtive rates from the general population (whieh th
pooled sensitivity and specificity may inaccuratetgimate in this analysis). We have accountethier
by downgrading the risk of bias (on account of nélias from patient selection) category in the
GRADE certainty of evidence table, which factot®ithe overall certainty of the recommendations.
Additionally, the analyses involve pooling of steslifor assessment of severity that did not althse
same severity criteria (they were similar enougpdol but the rankings reflected different critahat
have evolved over time) and most had wide confidentervals, requiring us to downgrade 2 points for

inconsistency.

The limitations of lack of studies evaluating adem or reflexive approach, or the robustness afiesu
pertaining to other components beyond Ara h 2 (s&sry to allow for meta-analysis) have already been
mentioned, as has the lack of a consistent obggtiading criteria, the small number of studies
evaluating reaction severity, as well as differsnoeted in the timing/flow and selection processes
each of these studies. This is accounted foradigg the certainty of evidence and risk of bias.well,

the aforementioned sensitivity analyses were doffierther confirm if inclusion of those studiest fiel

be most at risk would alter the estimates, whidy ithid not. We could not stratify by allergic co-
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morbidity (in particular presence of atopic derrtigtior age with accuracy due to limited availatidea

in the reporting which would allow for such streg#tions to be made, though we did perform seritsitiv
analysis on challenge type, adult vs. pediatridisg) as well as by region of the world (Europertho
America) in which the data were observed. Steasily, the pooling of data are limited by high

heterogeneity, with some included studies havigh hisk of bias.

Knowledge Gaps

Within in the scope of these questions, multiplesga the current knowledge base were identifiedl th
could not be resolved through our literature seardhmeta-analysis. These include, but are ndateltm
to:

a) A lack of identified studies that systematicallyakiate when someone should be tested for peanut

allergy

b) A lack of identified studies that evaluate the &mcar reflexive use of whole peanut extract SPT
and whole peanut sIgE in combination

c) A lack of identified studies that evaluate the &mar reflexive use of whole peanut extract SPT
and whole peanut sIgE in combination with peanuatponents

d) A lack of identified studies that evaluate the &mdr reflexive use of one or more peanut
components

e) A lack of identified studies that evaluate Ara lAta h 3, Arah 6, Arah 8, and Arah 9
performance, or if severity or reaction phenotygesassociated with recognition of these
components

f) A lack of identified studies that consistently gstematically study reaction severity using
unified criteria or cut-off markers, or evaluatestuestion at different cut-off levels

g) A lack of identified studies that study any of 8earchable questions at a population level that are

less enriched for already sensitized individuals@gsosed to within more clustered clinical
referral centers

h) A lack of identified studies that trace longitudinatcomes and natural history of disease to
better understand the full scope of the ramificeatiof diagnostic testing choices to inform best-

practices
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i) A lack of clear understanding and inconsistentaisBagnostic cut-off points for the use of these
tests

]) A lack of consistent reporting at an individualdeof allergic co-factors that may influence the
performance of these diagnostic tests in relatahé food challenge outcome to assess the

influence of such covariates

Text box 2 addresses a number of the key take-moessages and knowledge gaps.
Benefits/Harms of Implementing the Guideline Recommndations
Potential Benefits

The potential benefit of this analysis is the appaie management of patients with Peanut allergy.
See the “Discussion” section for each questioménguideline document for benefits of tests. Cost-
effectiveness analysis was undertaken to furthgloex such health benefits. Please refer to

eSupplement 3, which comprehensively details thdeg¢e to recommendation process.
Potential Harms

The potential harms include adverse effects agsatigith incorrect diagnosis of peanut allergy. See
the “Discussion” section for each question in thigline document for adverse events of specific
interventions. Cost-effectiveness analysis was aklen to further explore such health detriments.

Please refer to eSupplement 3, which comprehegsiatiils the evidence to recommendation process.

Qualifying Statements

This clinical practice guideline was designed wlitate informed decision-making on the diagnosis
of children and adults with suspected peanut alldtgvas not intended to define a standard of ,cand
should not be construed as such. It should natteegreted as a prescription for an exclusive @afs

management.
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1182 Summary and Conclusions

1183 In making a diagnosis of peanut allergy, it is imaot to clearly understand the indications for
1184 running a diagnostic test. Patients with a histirgeanut ingestion leading to symptom development
1185 benefit most from peanut allergy diagnostic testit§ > With the exception of patients who are not
1186 newborn infants under the age of 4-6 months ofiifi® have either egg allergy or severe ecz&rteere
1187 is no clear indication for any form of peanut aletesting in someone who has not yet eaten peaualit
1188 subsequently developed symptoms of an allergidiozacTesting only determines the presence or
1189 absence of peanut sensitization and alone doesloata definite diagnosis without a history to yice
1190 context as to what happens upon peanut ingeStiafse of the tests in these contexts helps trantiat
1191 pre-test probability of allergy (e.g. based onhistory) into post-test probability of a peanuesedly

1192 diagnosis®* In some cases, an oral food challenge may bessageto definitively rule in or rule out a
1193 diagnosis, but may be a patient-preference seegiteision. In terms of choice of tests, when

1194 assessing for whole peanut sensitization, thdrléspractical difference between use of SPTIgEs—
1195 both are highly sensitive but relatively poorly sifie, and may be prone to false positive detectibn
1196 sensitization in certain contexts. Use of testimthe peanut component Ara h 2 has the best raffil
1197 high sensitivity, high specificity, and optimal jtose/negative likelihood ratio, and is probablgtmost
1198 accurate single test that is available in terme t&fst that could be sent with the lowest potensklof
1199 false positive sensitization being detected. Hawelow this test should be used in the work ujhef
1200 suspected peanut allergic patient remains unres@ld not prospectively validated in terms of clahi
1201 pathways as to how such properties could be leedrayVe do present evidence herein that shows that
1202 using Ara h 2 as a sole diagnostic test in theuaw@n of peanut allergy could be cost effectiveerny
1203 the cost-savings at a societal level (with dowmstreosts considered) associated with a significant
1204 simulated reduction in the number of false positases, as one such possible application of hoveste
1205 could be used. At the dichotomous cut-offs evaldiaho whole peanut allergen or component test

1206 dictates severity of a future reaction, or a rescfihenotype.

1207
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Table 1: Summary Recommendations in Evaluatindttteent with Suspected Peanut Allergy

Recommendation Evidence Certainty Risk of Bias
Should diagnostic testing for peanut allergy bégeered in | We suggest in favor of diagnostic (skin prick Very Low Not Rated
adults and children with a history of suspectechpea serum slgE) testing for peanut allergy in patient
allergy who are requesting evaluation for peanetrgy? with a 1) physician-judged high pre-test

probability of peanut allergy, or 2) prior to arabr
food challenge for patients with moderate pre-t¢
probability of peanut allergy, with whom shared
decision-making has been employed to arrive g
the final decision.

We suggest against diagnostic testing in patien
where there is low or very low pre-test probabili
of peanut allergy.

In the patient presenting for evaluation of suspeg@eanu | We suggest in favor of Ara h2 diagnostic tes Low High
allergy, which of the three tests—SPT, sIgE to whol in a patient presenting for evaluation of suspected

peanut, or Ara h2 would provide the highest diagnos peanut allergy for which a single diagnostic test i

accuracy as determined by the more optimal to be used, as Ara h2 would provide the best

positive/negative likelihood ratio? diagnostic accuracy as determined by virtue of

more optimal positive/negative likelihood ratios
However, while Ara h 2 has the greatest
specificity, it has lower sensitivity than SPT and
slgE, and in a patient with a high prior
probability, the clinician may use Ara h 2, SPT, |or
sIgE to confirm the diagnosis of peanut allergy.

In a patient presenting for evaluation of suspepeshu We suggest agair routine use ccomponen Very Low High
allergy, does testing for peanut components intemfdio testing in addition to either to skin prick test or
either SPT or sIgE to whole peanut increase thgndistic | sIgE to whole peanut to increase diagnostic
accuracy? accuracy.




In the patient presenting for evaluation of suspaéqeanu
allergy, can the results of a diagnostic test leel s predict
the severity of a future allergic reaction?

We suggest against the clinician using the re:
of a SPT, slgE to whole peanut extract, or sIgE|to
peanut components to determine the severity of a
previous reaction and/or allergy phenotype or to
predict the severity of a future reaction.

Very Low

High
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Table 2: The GRADE System of Recommendations and Evidence Certainty

Strength of Recommendation

For the Patient For the Clinician

Strong Most individuals in this situation The attending provider should

would prefer the recommended course | strongly consider the recommended
of action and only asmall proportion | course of action as afirst-line

would not. management. Formal decision aids
may have less of aroleto help
individuals make decisions consistent
with their values and preferences.

Conditional The magjority of individualsin this Different choices may be appropriate
situation would prefer the suggested | for different patients. Decision aids
course of action, but many would not. | may be useful in helping individuals
in making decisions consistent with
their values and preferences.
Clinicians should expect to spend
more time with patients when
working towards a decision.

Certainty in estimates of effect / quality rating both for outcome and for an entire evidence base as it
pertainsto aPICO

High There is high confidence that the true effect lies close to that of the estimate of
the effect.
Moderate There is moderate confidence in the effect estimate. The true effect islikely to

be close to the estimate of the effect, but there is a possibility that it is
substantialy different.

Low Thereislimited confidence in the effect estimate. The true effect may be
substantially different from the estimate of the effect.

Very Low Thereisvery little confidence in the effect estimate. The true effect is likely to
be substantially different from the estimate of effect

Additional information regarding GRADE methodology, including how recommendations are

formulated and the evidence certainty is rated can be found at Shaker MS, Oppenheimer J, Wallace DV, Golden
DBK, Lang DM, Joint Task Force for Allergy Practice P, et al. Making the GRADE in anaphylaxis management:
Toward recommendations integrating values, preferences, context, and shared decision making. Ann Allergy
Asthma Immunol 2020. Mar 19:S1081-1206(20)30153-8. doi:10.1016/j.anai.2020.03.009 and on the Joint
Taskforce on Allergy Practice Parameters website at https.//www.aller gypar ameter s.or g/r esour ces-for -
under standing-grade/.




Table 3: Situations of Low to Moderate Pre-Testhbility for Peanut Allergy Where Testing May bPra@ference-Sensitive Care Option to Offer
in the Evaluation of a Patiént

Situations Where A Clinician Might Be Considering
Testing for Peanut Allerdy

Pros for Testing Cons for Testing

A young child >1year but <3 year with multiple
asthma hospitalizations, on chronic inhaled
steroids, with known milk allergy who has not ye

tried peanut

* Possible elevated risk for an additional
food allergy in someone who already hag
one food allergy

e Parents may not introduce peanut withoy
positive test, leading to additional risk fro

delayed introduction

m

While the risk could be elevated over baseli
it is unclear if the absolute risk is elevated
more than the low probability scenario of a
30% pre-test probability where a positive tes
was not shown to appreciably shift the post-

test odds

ne,

—

A young child >1year but <3 year old without
eczema with prior anaphylaxis to one or more

foods, but who has not yet tried peanut

» Possible elevated risk for an additional
food allergy in someone who already hag
one food allergy

e Parents may not introduce peanut withoy
positive test, leading to additional risk fro

delayed introduction

m

While the risk could be elevated over baseli
it is unclear if the absolute risk is elevated
more than the low probability scenario of a
30% pre-test probability where a positive tes
was not shown to appreciably shift the post-

test odds

ne,

—

A child in the first year of life with eczema
suspected to be flared by one legume, and
anaphylaxis to hummus who has not yet tried

peanut

» Possible elevated risk for an additional fo
allergy in someone who already has one
food allergy

» Parents may not introduce peanut withoy
positive test, leading to additional risk fro

delayed introduction

od

m

While the risk could be elevated over baseli
it is unclear if the absolute risk is elevated

more than the low probability scenario of a

30% pre-test probability where a positive test

was not shown to appreciably shift the post-

test odds

ne,

By NIAID addendum criteria, the eczema doges

not make this child “high-risk”

A 6 month old child with mild eczema tolerating
milk based formula, who has not tried egg or
peanut. Their older sibling has milk, egg, and

peanut allergy

jS2

e Parents may be reluctant to introduce
peanut without a negative test, based on
experience with the older child, leading tq

additional risk from delayed introduction

the

While the risk could be elevated over baseli
it is unclear if the absolute risk is elevated
more than the low probability scenario of a
30% pre-test probability where a positive tes

was not shown to appreciably shift the post-

ne,




* Some clinicians ascribe to older literature
that has suggested the younger sibling m
be at some degree of increased risk of
developing peanut allergy, though such
literature did not account for the highly

important factor of delayed introduction.

ay

test odds

By NIAID addendum criteria, the eczema dges

not make this child “high-risk”

Recent data has shown that testing the younger

sibling is not cost effective until the prevalence

of peanut allergy in siblings is shown to be
>14% AND all such screened children also

undergo an oral food challenge to provide a

definitive outcome.

¥See textbox 3 for explanation of what high, modsrand low pre-test probability represent in thetegt of evaluating peanut allergy.

*These are hypothetical examples of situationstttetvorkgroup members felt could represent potestianarios that a clinician may evaluate underctmext of a preference-
sensitive care option. The choice of specific gkers, ages, and comorbidities are for illustragiorposes only. Other allergens, ages, and conitesignay represent possible

presentations for consideration.



Table4: Summary Statistics with 95% Confidence Intervalsfor SPT, slgE, Arah 2 Peanut Diagnostic Testing and Assessment of Reaction Severity

Diagnostic Test

Outcome

Sensitivity

Specificity

Positive Likelihood Ratio

Negative Likelihood Ratio

SPT 3mm

Diagnosis

0.97 (0.93-0.99)

0.46 (0.29-0.65)

1.82 (1.29-2.57)

0.05 (0.02-0.18)

SIgE 0.35 kU/L Diagnosis 0.95 (0.91-0.97) | 0.38 (0.28-0.48) 1.52 (1.3-1.77) 0.14 (0.08-0.24)
Arah 2 slgE 0.35 kU/L Diagnosis 0.86 (0.81-0.89) | 0.84 (0.79-0.89) 5.5 (3.99-7.56) 0.17 (0.13-0.23)
Arah 2 sIgE 2 kU/L Severe reaction 0.78 (0.69-0.85) | 0.45 (0.28-0.63) 1.4 (1.08-1.83) 0.5 (0.37-0.66)
SIgE 50 kU/L Severe reaction 0.39 (0.26-0.53) | 0.89 (0.75-0.95) 3.4 (1.57-2.03) 0.69 (0.56-0.84)
SPT 10mm Severe reaction 0.37 (0.22-0.55) | 0.62 (0.44-0.77) 0.98 (0.71-1.35) 1(0.84-1.22)

Sensitivity Analyses

SPT 3mm* SPT/sIgE Assessed in Same Study 0.98 (0.92-0.99) | 0.5(0.31-0.69) 1.94 (1.32-2.86) 0.04 (0.01-0.15)
sIgE 0.35 kU/L? SPT/sIgE Assessed in Same Study 0.94 (0.9-0.97) | 0.46 (0.32-0.6) 1.75 (1.35-2.26) 0.13 (0.07-0.21)
sIgE 0.35 kU/L? slgE/Arah 2 Assessed in Same Study 0.95(0.93-0.97) | 0.3(0.21-0.41) 1.36 (1.19-1.56) 0.47 (0.26-0.87)
Arah 2 sIgE 0.35 kU/L?® slgE/Arah 2 Assessed in Same Study 0.85(0.79-0.9) | 0.86(0.79-0.9) 5.87 (4.02-8.58) 0.18 (0.12-0.25)
SPT 3mm* SPT/slgE/Arah 2 Assessed in Same Study | 0.98 (0.89-1) 0.39 (0.22-0.6) 1.63(1.19-2.23) 0.04 (0.01-0.25)
sIgE 0.35 kU/L? SPT/slgE/Arah 2 Assessed in Same Study | 0.95 (0.91-0.97) | 0.4 (0.3-0.5) 1.58 (1.35-1.84) 0.12 (0.07-0.22)
Arah2sIgE 0.35kU/L? | SPT/slgE/Arah 2 Assessed in Same Study | 0.83(0.74-0.9) | 0.79 (0.73-0.85) 4.03 (3.11-5.21) 0.21(0.14-0.32)

*Test sensitivity and specificity are being reported for pooled studies for the particular individual test evaluated in the setting where multiple tests were run simultaneously in patients undergoing oral food challenge. Please

refer to table 7 for reporting of additional sensitivity analyses.




Table5a: GRADE Table of Evidence Certainty, Skin Prick Testing

Question: Should peanut skin prick testing at a threshold of 3mm wheal size be used to diagnose peanut allergy in patients with known or suspected peanut allergy?
Total number of studies/patients entered into the analysis: 18 studies, 2124 patients

Bibliography: Abrahms 2017, Begin 2017, Bernard2003, Chinthrajah 2018, Comberiati 2016, Dang 2012, DunnGalvin 2001, Johannsen 2016; Klemans Broekman 2013; Klemans Otte 2013, Leo 2015, Ludman 2013, Preece 2014, Rajput 2018,
Rance 2003, Sampson 2017, Song 2015, Van Erp 2013.

Sensitivity 0.97 (95% Cl: 0.93 to 0.90)
Prevalences 2% 30% 70%
Specificity 0.46 (95% CI: 0.29 to 0.65)
Factors that may decrease certainty of evidence Effect per 1,000 patients tested (95% ClI)
Ne of studies Test accuracy
Outcome (Ng of Study design Rick of bublication pre-test pre-test pre-test CoE
patients) bias Indirectness  Inconsistency = Imprecision bias probability of probability of probability of
2% 30% 70%

True positives 18 studies cross-sectional serious® | not serious | serious’ not serious | none 19 291 679 @@OO
(patients with peanut 961 patients (cohort type LOW
allergy) accuracy study) (18 to 19) (270 to 279) (630 to 651)
False negatives 1 9 21
(patients incorrectly
classified as not having (1to 2) (21 to 30) (49 to 70)
peanut allergy)
True negatives 18 studies cross-sectional serious® | notserious | serious’ not serious | none 451 322 138 ®®OO
(patients without peanut 1163 patients | (cohort type LOW
allergy) accuracy study) (284 t0 637) (203 to 455) (87 to 195)
False positives 529 378 162
(patients incorrectly
classified as having (343 to 696) (245 to 497) (105 to 213)

peanut allergy)

Explanations

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.
Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. 17 for sensitivity was 90.1% and for specificity was 93%



Table 5b: GRADE Table of Evidence Certainty, Serum IgE Testing

Question: Should peanut serologic IgE testing at a threshold of >0.35 KUA/L be used to diagnose peanut allergy in patients with suspected peanut allergy?
Total number of studies/patients entered into the analysis: 30 studies, 3983 patients

Bibliography: Abrahms 2017, Balmer Weber 2015, Begin 2017,Beigelman 2012, Bernard 2003, Beyer 2015, Chinthrajah 2018, Comberiati 2016, Dang 2012, DunnGalvin 2001, Ebisawa 2012, Ebisawa 2015, Eller 2013, Johannsen 2016; Klemans
Broekman 2013; Klemans Otte 2013, Leo 2015, Lieberman 2013, Ludman 2013, Martinet 2016, Nicolaou 2011, Preece 2014, Rajput 2018, Rance 2003, Sampson 2017, Song 2015, Van Erp 2013, Wainstein 2007

Sensitivity 0.95 (95% CI: 0.91 to 0.97)
Prevalences 2% 30% 70%
Specificity 0.38 (95% CI: 0.28 to 0.48)
Factors that may decrease certainty of evidence Effect per 1,000 patients tested (95% CI)
Ne of studies Test
Outcome (NQ of Study design ~isk of pre-test pre-test pre-test accuracy
patients) bias Indirectness Inconsistency Imprecision Publication bias = probability of probability of  probability of CoE
2% 30% 70%
True positives 30 studies cross-sectional | serious ® | not serious serious® not serious none 19 285 665 @@OO
(patients with peanut 2046 (cohort type LOW
allergy) patients accuracy study) (18 to 19) (27310 291) = (637 t0 679)
False negatives 1 15 35
(patients incorrectly
classified as not (1to 2) (9to 27) (21 to 63)
having peanut allergy)
True negatives 30 studies cross-sectional | serious ® | not serious serious” not serious none 372 266 114 ®®OO
(patients without 1937 (cohort type LOW
peanut allergy) patients accuracy study) (27410 470) = (196 to 336) (84 to 144)
False positives 608 434 186
(patients incorrectly
classified as having (510to 706) = (364 to 504) = (156 to 216)

peanut allergy)

Explanations

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.
Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. I? for sensitivity was 95.9% and for specificity was 92.8%



Table 6: GRADE Table of Evidence Certainty, Arah 2 sIgk Testing

Question: Should Ara h 2 specific IgE at a threshold of >0.35 KUA/L be used to diagnose peanut allergy in patients with suspected peanut allergy?
Total number of studies/patients entered into the analysis: 24 studies, 2289 patients

Bibliography: Balmer Weber 2015, Bernard 2003, Beyer 2015, Chinthrajah 2018, Comberiati 2016, Dang 2012, Ebisawa 2012, Ebisawa 2015, Eller 2013, Glaumann 2012, Keet 2013,; Klemans Broekman 2013; Klemans Otte 2013, Kukkonen 2015,
Leo 2015, Lieberman 2013, Martinet 2016, Nicolaou 2011, Preece 2014, Rajput 2018, Rance 2003, Schots 2016, Suratannon 2013 Van Erp 2013

Sensitivity 0.86 (95% CI: 0.81 to 0.89)
Prevalences 2% 30% 70%
Specificity 0.84 (95% CI: 0.79 to 0.89)
Factors that may decrease certainty of evidence Effect per 1,000 patients tested (95% CI)
Ne of studies Test
Outcome (NQ of Study design ~isk of pre-test pre-test pre-test accuracy
patients) bias Indirectness = Inconsistency Imprecision Publication bias = probability of  probability of = probability of CoE
2% 30% 70%
True positives 24 studies cross-sectional | serious ® | not serious serious® not serious none 17 258 602 @@OO
(patients with peanut 1336 (cohort type LOW
allergy) patients accuracy study) (16 to 18) (24310 267) = (567 to 623)
False negatives 3 42 98
(patients incorrectly
classified as not (2to 4) (330 57) (77 to 133)
having peanut allergy)
True negatives 24 studies cross-sectional | serious® | not serious serious” not serious none 823 588 252 ®®OO
(patients without 953 patients (cohort type LOW
peanut allergy) accuracy study) (77410 872) = (55310 623) @ (237 to 267)
False positives 157 112 48
(patients incorrectly
classified as having (108 to 206) (77 to 147) (33 t0 63)

peanut allergy)

Explanations

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.
Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. I? for sensitivity was 81.4 and specificity was 69.7



Table 7a2 GRADE Table of Evidence Certainty, Arah 2 sIgE to Assess Reaction Severity

Question: Should Ara h 2 specific IgE at a threshold of >2 KUa/Lbe used to diagnose severe peanut allergy in patients with suspected peanut allergy?

Total number of studies/patients entered into the analysis: 10 studies, 845 patients

Bibliography: Balmer Weber 2015, Chinthrajah 2018, Dang 2012, Glaumann 2012, Klemans Broekman 2013; Kukkonen 2015, Leo 2015, Preece 2014, Rajput 2018, Van Erp 2013

Sensitivity

Specificity

Outcome

True positives
(patients with severe
peanut allergy)

False negatives
(patients incorrectly
classified as not having
severe peanut allergy)

True negatives
(patients without severe
peanut allergy)

False positives
(patients incorrectly
classified as having

severe peanut allergy)

Explanations

0.78 (95% CI: 0.69 to 0.85)

0.45 (95% CI: 0.28 to 0.63)

Ne of studies
(Ne of
patients)

10 studies
308 patients

10 studies
380 patients

Study design
Risk of

bias

cross- serious ?
sectional

(cohort type
accuracy

study)

serious *

Cross-
sectional
(cohort type
accuracy

study)

Prevalences

Factors that may decrease certainty of evidence

Indirectness Inconsistency Imprecision
not serious very serious "¢ not serious none
not serious ® | very serious ®“® | not serious | none

2%

30%

Publication bias

70%

Effect per 1,000 patients tested (95% ClI)

Test
pre-test pre-test pre-test By
probability of ~ probability probability CoE
2% of 30% of 70%
16 234 546 @OO
(141017) | (207 to 255) (483 to 595) O
VERY LOW
4 66 154
(3to 6) (45t093) | (105to 217)
441 315 135 @OO
(27410 617) | (19610 441) (84 to 189) O
VERY LOW
539 385 165
(36310 706) | (259 to 504) | (111 to 216)

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.

Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. I? for sensitivity was 68.7% and for specificity was 91.6%
c. The heterogeneity for the estimate was very high
d. The criteria to assess severity was not uniform among all studies included



Table 7b: GRADE Table of Evidence Certainty, Peanut sIgE to Assess Reaction Severity

Question: Should peanut serologic IgE testing at a threshold of >50 KUa/Lbe used to diagnose severe peanut allergy in patients with suspected peanut allergy?

Total number of studies/patients entered into the analysis: 13 studies, 1051 patients

Bibliography: Chinthrajah 2018, Dang 2012, DunnGalvin 2001, Glaumann 2012, Klemans Broekman 2013; Lewis 2005, Peeters 2007, Preece 2014, Rajput 2018, Song 2015, Van Erp 2013, Wainstein 2007, Wensing 2002

Sensitivity 0.39 (95% CI: 0.26 to 0.53)
Prevalences 2% 30% 70%
Specificity 0.89 (95% ClI: 0.75 to 0.95)
Factors that may decrease certainty of evidence Effect per 1,000 patients tested (95% CI)
Ne of studies Test accuracy
Outcome (NQ of Study design Risk of bublication pre-test pre-test pre-test CoE
patients) bias Indirectness Inconsistency Imprecision bias probability probability of ~ probability of
of 2% 30% 70%
True positives 13 studies cross-sectional serious ® | not serious | very serious "¢ not serious none 8 117 273 ®OOO
(patients with severe 256 patients (cohort type VERY LOW
peanut allergy) accuracy study) (5t011) (78 to 159) (182 to 371)
False negatives 12 183 427
(patients incorrectly
classified as not having (9 to 15) (141 to 222) (329 to 518)
severe peanut allergy)
True negatives 13 studies cross-sectional serious ® | not serious | very serious "¢ not serious none 872 623 267 ®OOO
(patients without severe 795 patients (cohort type VERY LOW
peanut allergy) accuracy study) (735t0931) (525 to 665) (225 to 285)
False positives 108’ 7 33
(patients incorrectly
classified as having (49 to 245) (35t0 175) (15 to 75)

severe peanut allergy)

Explanations

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.
Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. I? for sensitivity was 75.7% and for specificity was 90.9%
c. The criteria to assess severity was not uniform among all studies
d. The heterogeneity for the estimate was very high



Table 7c: GRADE Table of Evidence Certainty, Peanut sIgE to Assess Reaction Severity

Question: Should peanut skin prick testing at a threshold of 10mm wheal size be used to diagnose severe peanut allergy in patients with suspected peanut allergy?

Total number of studies/patients entered into the analysis: 12 studies, 737 patients

Bibliography: Chinthrajah 2018, Dang 2012, DunnGalvin 2001, Klemans Broekman 2013; Leo 2015, Lewis 2005; Preece 2014, Rajput 2018, Song 2015, Van Erp 2013, Wainstein 2010, Wensing 2002

Sensitivity

Specificity

Outcome

True positives
(patients with severe
peanut allergy)

False negatives
(patients incorrectly
classified as not having
severe peanut allergy)

True negatives
(patients without severe
peanut allergy)

False positives
(patients incorrectly
classified as having

severe peanut allergy)

Explanations

0.37 (95% CI: 0.22 to 0.55)

0.62 (95% CI: 0.44 t0 0.77)

Ne of studies
(Ne of
patients)

12 studies
166 patients

12 studies
571 patients

Study design
Risk of
bias
cross-sectional serious *
(cohort type
accuracy study)
cross-sectional serious *

(cohort type
accuracy study)

Factors that may decrease certainty of evidence

Indirectness

not serious

not serious

Inconsistency

very serious "¢

very serious "°°

Prevalences

Imprecision

not serious

not serious

2% 30%

Publication
bias

none

none

70%

Effect per 1,000 patients tested (95% ClI)

pre-test
probability of
2%
7

(410 11)

13

(9to 16)

608

(431 to 755)

372

(225 to 549)

pre-test
probability of
30%

111

(66 to 165)

189

(135 to 234)

434

(308 to 539)

266

(161 to 392)

pre-test
probability of
70%

259

(154 to 385)

441

(315 to 546)

186

(132 to 231)

114

(69 to 168)

Test accuracy
CoE

®O00O

VERY LOW

®O00O

VERY LOW

a. Multiple studies had potential for selection bias due to non-consecutive, non-randomized, or otherwise unexplained selective enroliment of the study population within the potentially eligible cohort.

Multiple studies with issues relative to the flow/timing of when index diagnostic test performed relative to the reference oral food challenge

b. I? for sensitivity was 64% nd for specificity was 87.9%

c. The criteria to assess severity was not uniform among all studies included

d. The heterogeneity for the estimate was very high



Table 8: Additiona Sensitivity Analyses

Outcome Analyses Sensitivity Specificity Positive LR  Negative LR

SPT 3mm Diagnosis | Exclusion of studies with high risk of 0.96 0.48 1.85 0.08
bias

Pediatric studies only 0.97 0.52 2.02 0.06

Open OFC studies only 0.96 0.53 2.04 0.08

DBPCFC studies only 0.99 0.38 1.60 0.03

European studies only 0.98 0.56 2.23 0.04

Non-European studies only 0.97 0.32 1.43 0.09

sIgk >0.35 Diagnosis | Exclusion of studies with high risk of 0.96 0.44 1.71 0.09
bias

Pediatric studies only 0.94 0.41 1.59 0.15

Open OFC studies only 0.94 0.4 1.57 0.15

DBPCFC studies only 0.97 0.42 1.67 0.07

European studies only 0.95 0.38 1.53 0.13

Non-European studies only 0.95 0.37 1.51 0.14

Ara h 2 sIg >0.35 | Diagnosis | Exclusion of studies with high risk of 0.86 0.81 4.53 0.17
bias

Pediatric studies only 0.85 0.85 5.67 0.18

Open OFC studies only 0.85 0.85 5.67 0.18

DBPCFC studies only 0.87 0.83 5.12 0.16

European studies only 0.88 0.85 5.87 0.14

Non-European studies only 0.83 0.84 5.19 0.20

Ara h 2 sIgkE >2 Severity Exclusion of studies with high risk of 0.75 0.42 1.29 0.60
bias

Pediatric studies only 0.72 0.49 1.41 0.57

Open OFC only 0.64 0.43 1.12 0.84

DBPCFC only 0.8 0.44 143 0.45

European studies only 0.77 0.43 1.35 0.53

Non-European studies only 0.71 0.44 1.27 0.66

sIgkE >50 Severity Exclusion of studies with high risk of 0.36 0.88 3.00 0.73
bias

Pediatric studies only 0.38 0.92 4.75 0.67

Open OFC only 0.29 0.97 9.67 0.73

DBPCFC studies only# 0.47 0.71 1.62 0.75

European studies only 0.38 0.86 2.71 0.72

Non-European studies only 0.44 0.92 5.50 0.61

SPT 10mm Severity Exclusion of studies with high risk of 0.41 0.57 0.95 1.04
bias

Pediatric studies only 0.29 0.71 1.00 1.00

Open OFC studies only 0.26 0.69 0.84 1.07

DBPCFC studies only# 0.62 0.41 1.05 0.93

European studies only 0.39 0.67 1.18 0.91

Non-European studies only 0.36 0.59 0.88 1.08




eTable 1. Simulation Model Inputs

Variable

USLifeTable

Testing characteristics

Food aller gy fatality

Rate of accidental peanut
exposur e and symptomsin
peanut allergic persons

Rate of emergency room
visit for severe symptomsin
peanut allergic persons

Hospitalization following
emergency room visit for
anaphylaxis

Primary care visits (mean
incremental annual cost for
food allergy diagnosis)

Allergist visitsfor food
allergy (mean incremental
annual cost for food allergy
diagnosis)

Nutritionist visits for food
allergy (per year)

Model Reference (sensitivity range)

National Vital Statistics Reports, April 2017

Skin prick testing: Sn: 0.97 (0.86-0.98); Sp 0.44.7-0.67)
Ara h 2: Sn 0.86 (0.72 — 0.90); Sp 0.84 (0.65-0.87)
Whole peanut sIgE: 0.95 (0.89-0.97); Sp 0.38 (213)

5-19 years: 3.25 per million person years (0.3 )} 30

20 years and older: 1.81 per million person years

(1.81-18.1)

7% per year (5%-45%)

1% per year (0.5%-35%)

35% (5%-45%)

$102($94-$105

$151($140- $152

$17($15- $18)

Source ‘

Arias E, Heron M, Xu J. United States Life
Tables, 2013. National Vital Statistics
Reports 2017; 66(3): 1-64.

Meta-analysis

Umasunthar T. Leonardi-Bee, Hodes M, et
al. Incidence of fatal food anaphylaxis in
people with food allergy: a systematic review
and meta-analysis. Clinical & Experimental

Allergy. 2013; 43: 1333-1341.

Neuman-Sunshine D, Eckman J, Keet C,
Matsui E, Peng R, et al. The natural history
of peanut allergy. Ann Allergy Asthma
Immunol. 2012; 108: 326-331.

Neuman-Sunshine D, Eckman J, Keet C|
Matsui E, Peng R, et al. The natural history
of peanut allergy. Ann Allergy Asthma
Immunol. 2012; 108: 326-331.

Robinson M, Greenhawt M, Stukus D.
Factors associted with epinephrine
administration for anaphylaxis in children
before arrvial to the emergency department.
Ann Allergy Asthma Immunol. 2017; 119:
164-169.

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31,;

US Department of Labor, Bureau of Labor
Statistics. Available fromvww.bls.gov =

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31;

US Department of Labor, Bureau of Labor
Statistics. Available fromvww.bls.gov

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31;

US Department of Labor, Bureau of Labor



Alternative provider visits
for food allergy (per year)

Incremental annual grocery
costs (living with food

allergy)

Job-related opportunity
costs from food allergy (per
year)

Personal epinephrine auto-

injector

slgE/arah 2 IgE testing

SKkin test cost

Hospitalization

ED visit

$25($22- $27)

$315 ($29(-330,

$2,637($0- $2,697

$726 ($100-$800)

$17 per test ($10-$117)

$24 ($10-$40)

$5,991 ($5,732-$6,066)

$702 ($689-$710)

Statistics. Available fromvww.bls.gov

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31;

US Department of Labor, Bureau of Labor
Statistics. Available fromvww.bls.gov

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31,;

US Department of Labor, Bureau of Labor
Statistics. Available fromvww.bls.gov

Gupta R, Holdford D, Bilaver L, Dyer A,
Holl JL, Meltzer D. The economic impact of
childhood food allergy in the United States.

JAMA Pediatr 2013;167:1026-31;

US Department of Labor, Bureau of Labor
Statistics. Available fromvww.bls.gov

Shaker M, Bean K, Verdi M. Economic
evaluation of epinephrine autoinjectors for
peanut allergy. Ann Allergy Asthma
Immunol. 2017; 119(2): 160-163.

US Department of Labor, Bureau of Labor
Statistics. CPI Inflation calculator. Accessed
athttps://data.bls.goen 9/2/18.

Healthcare Bluebook.
www.healthcarebluebook.comAccessed
11/22/18

Physician Fee schedule. Available from
http://www.cms.gov/Accessed 10/3/17.

Patel DA, Holdford DA, Edwards E, Carroll
NV. Estimating the economic burden of
food-induced allergic reactions and
anaphylaxis in the United States. J Allergy
Clin Immunol 2011;128:110-5 e5

US Department of Labor, Bureau of Labor
Statistics. CPI Inflation calculator. Accessed
athttps://data.bls.goen 9/2/18.

Patel DA, Holdford DA, Edwards E, Carroll
NV. Estimating the economic burden of
food-induced allergic reactions and
anaphylaxis in the United States. J Allergy
Clin Immunol 2011;128:110-5 e5

US Department of Labor, Bureau of Labor
Statistics. CPI Inflation calculator. Accessed
athttps://data.bls.goen 9/2/18.



Supervised oral food
challenge

Start age

Negative health state
influence for food aller gy
and food anaphylaxis

Cyclelength
Time Horizon

Peanut allergy pre-test
probability

Annual discount rate

Probability of spontaneous
tolerance

Probability of identifying
false positive test over model
horizon

$123 ($110-600)

0 years (0 years to 8 years)

-0.09 (-0.02 - -0.11)

1 year
20 years (5 years — 80 years)

14% (3% - 90%)

0.03 (0-0.03)

22% (0-22%)

20% (5%-20% over 5-20 years)

Doctors office visits billing and charges.
Dartmouth-Hitchcock.
http://www.dartmouth-hitchcock.org.
Accessed March 1@017

US Department of Labor, Bureau of Labor
Statistics. CPI Inflation calculator. Accessed
athttps://data.bls.goen 4/21/19

Carroll AE, Downs SM. Improving decision
analyses: parent preferences (utility values)
for pediatric health outcomes. J Pediatr

2009;155:21-5, 5 el-5.



elTable 2: Cost-Effectiveness Comparisons of Use of Peanut SPT, sIgE, and Arah 2 sIgE Testing

Cost QALY Net Monetary Benefit Total Rxn Anaphylaxis  Anaphylaxis Fatality

3% peanut allergy pre-test probability

Skin Prick Test

Mean $20,734.48  14.43 -$20,734.48 0.0341 0.0047 0.0000

Std Deviation | $23,902.82 1.36 $23,902.82 0.2833 0.0745 0.0000
Arah2

Mean $7,669.24 | 14.79 -$7,669.24 0.0379 0.0049 0.0000

Std Deviation = $17,355.08 1.33 $17,355.08 0.3008 0.0783 0.0000

Whole peanut sIgE ‘
\

Mean $23,466.54 14.35 -$23,466.54 0.0345  0.0048 0.0000
Std Deviation = $24,165.42 135 $24,165.42 0.2852 0.0756 0.0000
|
14% peanut allergy pre-test probability
Skin Prick Test SN
Mean $23,859.49 14.36 -$23,859.49 0.1555 0.0213 0.0000
Std Deviation = $25,361.09 = 1.33 $25,361.09 0.5784 0.1574 0.0000
Arah2 | |
Mean = $12,329.23 | 1469  -$12,329.23 0.1725 0.0223 0.0000
Std Deviation $22,237.68  1.32 $22,237.68 0.6169 0.1614 0.0000
\
Whole peanut sIgE
Mean $26,289.04 14.29 -$26,289.04 0.1581 0.0212 0.0000
Std Deviation = $25,304.83 = 1.32 $25,304.83 0.5836 0.1574 0.0000
75% peanut allergy pre-test probability
Skin Prick Test
Mean $41,680.67 13.99 -$41,680.67 0.8479 0.1200 0.0000
Std Deviation = $25,973.46 = 1.24 $25,973.46 1.1182 0.3571 0.0000
Arah2
Mean  $38,191.62 14.09 -$38,191.62 0.9273 0.1206 0.0000

Std Deviation = $27,947.58 @ 1.28 $27,947.58 1.1690 0.3588 0.0000



Whole peanut sIgE
Mean @ $42,378.21 13.97 -$42,378.21 0.8632 0.1205 0.0000

Std Deviation | $25,494.62 @ 1.24 $25,494.62 1.1286 0.3579 0.0000
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Figure 10: Risk of Bias Assessment

Bias Applicability

Study Year Patient Index Reference Flow and Patient Index Reference
Selection Test Standard Timing Selection Test Standard

Abrams 2017

Balmer Weber 2015

Begin 2017

Beigelman 2012

Bernard 2003

Beyer 2015 |

Chinthrajah 2018

Comberiati 2016 _

Dang 2012

DunnGalvin 2011

Ebisawa 2015

Ebisawa 2012

Eller 2013

Glaumann 2012

Guilloux 2009

Gupta 2014

Johannsen 2016

Keet 2013

Klemans Blom 2015

Klemans Broekman 2013

Klemans Liu 2013

Klemans Otte 2013 ]

Kukkonen 20 | | | |

Leo 2015 L -

Lewis 2005 [ | ]

Lieberman 2013 ] ]

Ludman 2013

Martinet 2006 | ]

Nicolaou 2011 ]

Peeters 2007

Perry 2004

Preece 2014

Rajput 2018

Rance 2003

Schots 2016

Song 2015

Suratannon 2013

Van Erp 2013

Wainstein 2007

Wainstein 2010

Wensing 2002

Red: high risk  Yellow: Unclear risk Green: low risk



Figure 2: Summary Forest Plots for Sensitivity and Specificity of Skin Prick Testing at 3mm and sIgE testing at 0.35KU,/L
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Figure 3: Fagan Nomograms for SPT 3mm Performance at Low, Moderate, and High Pre-Test Probability
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Figure 4: Fagan Nomograms for sIgE 0.35KU,/L Performance at Low, Moderate, and High Pre-Test Probability
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Figure 5: Summary Forest Plots for Sensitivity and Specificity of Ara h 2 sIgE testing at 0.35KU,/L
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Figure 6 Fagan Nomograms for Ara h 2 sIgE 0.35KU,/L Performance at Low, Moderate, and High Pre-Test Probability
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Figure 7: Summary Forest Plots for Sensitivity and Specificity of Ara h 2 sIgE testing at 2 KU,/L Indicating a Severe Reaction
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Figure 8: Summary Forest Plots for Sensitivity and Specificity of sIgE testing at 50 KU,/L Indicating a Severe Reaction
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Figure 9: Summary Forest Plots for Sensitivity and Specificity of Skin Prick Testing at 10mm Indicting a Severe Reaction
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eFigure : Summary Forest Plots for Risk of Bias Removed Sensitivity and Specificity of Skin Prick Testing at 3mm and sIgE
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eFigure 9: Summary Forest Plots for Risk of Bias Removed Sensitivity and Specificity of Ara h 2 sIgE testing at 0.35KU,/L
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eFigure 1: Outcomes of Using Diagnostic Testing for Peanut Allergy
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eFigure 2: Decision Model for Assessing the Cost Effectiveness of the Use of Diagnostic Testing
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eFigure 3: Deterministic Sensitivity Analysis of the Threshold of Ara h 2 Specificity Where Stand-Alone Use |Is Cost-Effective
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eFigure 4: Probabilistic Sensitivity Analysis of Stand Alone Ara h 2 Use
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eFigure 5: SPT 3mm, sIgE 0.35 KU,/L, and Ara h 2 slgE 0.35KU,/L Performance at a 50% Pre-Test Probability
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eFigure 6 : Summary Forest Plots for Sensitivity and Specificity of Skin Prick Testing at 3mm and slIgE testing at 0.35KU,/L
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QUESTION

POPULATION:

INTERVENTION:

COMPARATOR

OUTCOMES

PURPOSE OF THE TEST:

ROLE OF THE TEST:

LINKED-RECOMMENDATIONS

ANTICIPATED OUTCOMES:

SETTING:

PERSPECTIVE:

BACKGROUND:

SUBGROUPS:

ASSESSMENT

Problem

Is the problem a priority?

Adults and children presenting for evaluation of peanut allergy

In patients presenting for evaluation of suspected peanut allergy, which of the three tests—Skin prick test, sIgk to whole peanut, or Ara h2
would provide the most diagnostic accuracy as determined by the more optimal positive/negative likelihood ratio?

to assist in the diagnosis peanut allergy

Using peanut skin prick testing (SPT), serum specific IgE to whole peanut (sIgE), or Ara h 2 serum specific IgE (Ara h 2 sIgE) to determine peanut sensitization

Oral Food challenge

Diagnostic accuracy of peanut allergy testing as determined by the more optimal positive/negative likelihood ratio.

TO DETECT SENSITIZATION TO PEANUT PROTEIN

PRESENTING PATIENT HISTORY

DETECTABLE OR NON-DETECTABLE SENSITIZATION CAN BE USED TO HELP INCREASE OR DECREASE THE LIKELIHOOD OF PEANUT ALLERGY BASED ON THE

AD LIBITUM PEANUT INGESTION, SUPERVISED ORAL FOOD CHALLENGE TO PEANUT, PEANUT AVOIDANCE WITH/WITHOUT TREATMENT

Appropriate selection of the test to improve the likelihood of correct diagnosis

Patients presenting a to an allergist or a primary care provider for evaluation of suspected peanut allergy

an allergic reaction and consider seeking treatments

Patients and clinicians want to know the best diagnostic test to perform to help confirm the patients’ history of suspected peanut allergy. Clinicians want to
know when an oral food challenge should be performed, when it is safe to advise a patient to eat peanut, and when peanut should be avoided due to risk of

Peanut allergy affects between 1.4% to 4.5% of the US population. This can be a potentially severe and life-long condition associated with reduced health and
economic outcomes. Soon to be approved treatments can offer limited protection to a small amount of peanut but no therapy can cure the condition, but
being on treatment still implies the patient is peanut allergic and must otherwise avoid intended peanut ingestion and carry emergency medication.
Approximately 20%-34% will outgrow their peanut allergy. With the advent of available treatment options, it is imperative to understand how to use
available diagnostic tests and interpret their results to aid in making an accurate diagnosis of peanut allergy.

suspected peanut allergy

Persons with a severe allergic reaction occurring during an observed oral food challenge; Persons with low, medium, and high pre-test probability of a

CONFLICT OF INTERESTS: See main document

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

O Probably no
o Probably yes
e Yes

o Varies

o Don't know

The following studies support that peanut allergy, among other food allergies, is a major public health
issue for children and adults in westernized countries.

National Academies of Sciences E, Medicine. Finding a Path to Safety in Food Allergy: Assessment of the Global Burden, Causes,
Prevention, Management, and Public Policy. Washington, DC: The National Academies Press; 2017.

Sicherer SH, Sampson HA. Food allergy: A review and update on epidemiology, pathogenesis, diagnosis, prevention, and

The precise prevalence of peanut allergy is uncertain, given
variation in the methods used to determine prevalence, and
practice variation where detectable sensitization may be
considered as clinical allergy without a history of symptoms
arising from peanut ingestion in some circumstances. This may
complicate using peanut allergy prevalence as an estimation of




Test accuracy

How accurate is the test?

management. The Journal of allergy and clinical immunology 2018;141:41-58.

Sampson HA, Aceves S, Bock SA, James J, Jonemn§,Dget al. Food allergy: A practice parameteraipd-2014. Journal of
Allergy and Clinical Immunology 2014;134:1016-253e4

Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Low#, Matheson MC, et al. Prevalence of challengegrdgE-mediated food
allergy using population-based sampling and prentéted challenge criteria in infants. The Jourrfallergy and clinical
immunology 2011;127:668-76.e1-2.

Gupta RS, Springston EE, Warrier MR, Smith B, KuiRaPongracic J, et al. The prevalence, severity,distribution of
childhood food allergy in the United States. Petiat2011;128:e9-17.

Chafen JJ, Newberry SJ, Riedl MA, Bravata DM, Mag#i M, Suttorp MJ, et al. Diagnosing and managemgroon food allergies;|
a systematic review. JAMA 2010;303:1848-56

Klemans RJ, van Os-Medendorp H, Blankestijn M, Bagel-Koomen CA, Knol EF, Knulst AC. Diagnosticcacacy of specific
IgE to components in diagnosing peanut allergystesnatic review. Clinical and experimental allergiyurnal of the British
Society for Allergy and Clinical Immunology 2015;420-30.

Gupta RS, Warren CM, Smith BM, et al. The publialtteimpact of parent-reported childhood food gilies in the United States.
Pediatrics. 2018;142:€20181235.

pre-test probability difficult in certain contexts. The FDA has
fast-tracked the development of commercial therapies to
address the growing prevalence of peanut allergy. Overdiagnosis
and unwarranted practice variation can create a significant
healthcare burden and family quality of life. All stakeholders
desire a fast, reliable diagnostic tool.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Very inaccurate
o Inaccurate

O Accurate

O Very accurate
® Varies

o Don't know

Desirable Effects

Pooled Sensitivity/Specificity positive/negative likelihood ratio (with 95% Cl):
Test Sensitivity Specificity Positive Likelihood Negative Likelihood
SPT 3mm 0.97 (0.93-0.99) 0.46 (0.29-0.65) 1.82 (1.29-2.57) 0.05 (0.02-0.18)
sIgE 0.35 kU/L 0.95 (0.91-0.97) 0.38(0.28-0.48) 1.52 (1.3-1.77) 0.14 (0.08-0.24)
Ara h 2 sIgE 0.35 kU/L 0.86 (0.81-0.89) 0.84 (0.79-0.89) 5.5 (3.99-7.56) 0.17 (0.13-0.23)

Both SPT and whole peanut sIgE have high pooled sensitivity but relatively poor specificity for the
diagnosis of peanut allergy proven by oral food challenge. Ara h 2 sIgE has somewhat reduced
sensitivity to SPT or sIgE, but has enhanced specificity relative to these tests, and the most optimal
positive/negative likelihood ration combination. Despite the individual test precision, the interpretation
of the test of choice is highly dependent on an adequate suspicion of significant pre-test probability,
reflected by a reasonable history that the patient had ingested peanut and demonstrated symptoms
characteristic of an IgE mediated reaction. Using thresholds evaluated in the present meta-analysis, all
three tests are suboptimal screening measures due to poor specificity and a high likelihood of detecting
asymptomatic sensitization, potentially resulting in a false positive diagnosis. Irrespective of the test
used, there are limited situations where a positive result alone relays adequate post-test odds of a
peanut allergy diagnosis without the need to do a follow up oral food challenge. Based on the current
analysis, in situations of low to moderate pre-test probability, detectable Ara h 2 sIgE translates to
higher post-test odds of peanut allergy, compared to SPT and whole peanut sIgE. Where there is
moderate to high pre-test probability, choice of test is less likely to influence the post-test odds, as
best illustrated by the Fagan nomograms in figures 3, 4 and 6.

How substantial are the desirable anticipated effects?

Skin prick testing is the traditional test of choice of the board-
certified allergist and otolaryngologist with focused allergy sub-
training. It is a point-of-care test that is easy to perform,
exceptionally safe, inexpensive, and reliable under contexts
where there is a reasonable suspicion for allergy. The advantage
of this test is that the clinician can detect if sensitization is
present or absent during the visit, though ambient
dermatographism can affect interpretation. Serologic tests are
usually performed outside of the clinical encounter. In the
patient where there is strong clinical suspicion for peanut allergy,
detecting sensitization through the SPT at the time of the
encounter can help make the diagnosis in real-time, and allow
for the patient to be counseled on avoidance and anaphylaxis
management. There may be consideration that given the
enhanced likelihood ratio combination that Ara h 2 is the most
optimal confirmatory test to be sent after detection of
sensitization on skin prick testing.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Trivial In setting of high pre-test probability, detection of peanut sensitization with any of the 3 tests can The main advantage to the SPT over serologic IgE tests is that
o Small significantly increase the post-test odds of a peanut allergy diagnosis as shown in Figures 4 and 5. this is a point-of-care test that can help facilitate a diagnosis
® Moderate being made during the encounter. No test is a substitute or

o Large

surrogate for taking a good history.




o Varies
o Don't know

Undesirable Effects

How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Large In settings of low to moderate pre-test probability, detection of sensitization with any of the three tests | Clinician Vantage: The level of sensitization above the positive

o Moderate still translates to a similar low to moderate post-test odds (figures 3, 4, and 6), and considering these threshold cannot be used to predict the risks of a future reaction.
o Small results indicative of peanut allergy may significantly risk a false positive diagnosis. Likewise, test sensitization below the positive threshold in the

o Trivial setting of a history suggestive of high risk, cannot exclude peanut
® Varies allergy. Test results, whether positive or negative, may still

o Don't know

Certainty of the evidence of test accuracy

What is the overall certainty of the evidence of test accuracy?

require an oral food challenge be performed to clarify the
diagnosis

Patient vantage: Patients may have variable preferences
regarding having a false positive diagnosis than a false negative
diagnosis, and therefore patients may prefer an oral food
challenge after the test results are known, in particular when
considering entering into possible treatment for peanut allergy
The clinician should be aware of the role for shared decision
making and the need for decision-aids to help patients consider
their options and to make the most appropriate decisions.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low 18 studies were pooled for evidence synthesis for use of SPT at a threshold of 3mm, with sensitivity of Where there is high pre-test probability, detection of peanut

o Low 97% and specificity of 46%. 30 studies were pooled for evidence synthesis for peanut sIgE at a threshold | sensitization using any of the 3 tests can greatly increase the

® Moderate of >0.35 KU,/L, with sensitivity of 95% and specificity of 38%. 24 studies were pooled for Ara h 2 sIgE post-test odds of a peanut allergy diagnosis. Absence of

o High >0.35 KU4/L, with sensitivity of 0.86 and specificity of 0.84. There was high heterogeneity among the sensitization in such patients can be helpful in lowering the odds

o No included studies

pooled studies, and serious risk of bias, but no serious risk of indirectness, imprecision, or inconsistency.

Sensitivity analysis where studies with high risk for both patient selection and flow/timing were
removed had similar pooled sensitivity and specificity for all three tests. Overall there is moderate
certainty in the evidence for each of the 3 tests. (Please see tables 4 and 5).

Certainty of the evidence of test's effects

What is the overall certainty of the evidence for any critical or important direct benefits, adverse effects or burden of the test?

that peanut allergy is present. The choice of which test to use is
also not crucial in this setting. The Fagan nomograms in figures 4
and 5 demonstrate how the likelihood ratios translate to post-
test odds in these situations, and based on these post-test odds
some clinicians may feel an oral food challenge is still necessary
to confirm the diagnosis. Ara h 2 may perform better than SPT
or sIgE where the pre-test probability is low to moderate, but is
unlikely to allow the clinician and patient to be provided with the
degree of certainty to where an oral food challenge would be
unnecessary to confirm a diagnosis.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low There are no included studies that detail the overall certainty or importance of direct benefits, adverse Please refer to the explanation in the above box. While one may
o Low effects or burden of the tests. question why patients with low suspicion for peanut allergy




o Moderate
o High
® No included studies

Certainty of the evidence of management's effects

What is the overall certainty of the evidence of effects of the management that is guided by the test results?

require testing, there may be a role for shared decision making
where the risks and benefits of potential overdiagnosis vs.
misdiagnosis are clearly explained, given some patients may
clearly prefer a test be run, notwithstanding the pre-test
probability.

o No included studies

How certain is the link between test results an

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low Identification of the trigger of a previous episode of anaphylaxis can lead to a reduction in the risk of

e Low future anaphylactic events. Treatment options based on a positive diagnosis of peanut allergy include

o Moderate avoidance and carriage of epinephrine. Additionally, for some patients there may be an opportunity for

o High treatments that desensitize the patient to the point of being able to tolerate a low threshold dose of

peanut. However, we have very low certainty in the evidence that by making a diagnosis of peanut
allergy that the above described options provide an unequivocal benefit for the patient.

National Academies of Sciences E, Medicine. Finding a Path to Safety in Food Allergy: Assessment of the Global Burden, Causes,
Prevention, Management, and Public Policy. Washington, DC: The National Academies Press; 2017.

Sicherer SH, Sampson HA. Food allergy: A review and update on epidemiology, pathogenesis, diagnosis, prevention, and
management. The Journal of allergy and clinical immunology 2018;141:41-58.

Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D, et al. Food allergy: A practice parameter update—2014. Journal of
Allergy and Clinical Immunology 2014;134:1016-25.e43.

Chu DK, Wood RA, French S, et al. Oral immunotherapy for peanut allergy (PACE): a systematic review and meta-analysis of
efficacy and safety. Lancet. 2019;393:2222-2232.

Robinson M, Greenhawt M, Stukus D. Factors associated with epinephrine administration for anaphylaxis in children before
arrival to the emergency department. Ann Allergy Asthma Immunol. 2017;119:164-169.

https://icer-review.org/wp-content/uploads/2018/12/ICER PeanutAllergy Final Report 071019.pdf

Shaker M, Greenhawt M. Estimation of health and economic benefits of commercial peanut immunotherapy products: a cost-
effectiveness analysis. JAMA Netw Open. 2019;2:e193242.

Certainty of the evidence of test result/management

anagement decisions?

o No included studies

Certainty of effects

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low As reflected in the Fagan nomograms in figures 3, 4, and 6, an oral food challenge may often still be

e Low necessary to provide a definitive diagnosis and management strategy despite a positive test result, given

o Moderate that the systematic review suggests that even with very high pre-test probability, the post-test odds do

o High not eclipse 90% (coming closest for the use of Ara h 2). Moreover, even with no detectable

sensitization, the post-test odds are still 2-3%.

What is the overall certainty of the evidence of effects of the test?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Very low

elLow

o Moderate

o High

o No included studies

JUDGEMENT

All three of the diagnostic tests for peanut allergy have high sensitivity though detection of peanut
specific IgE does not always translate in to post-test odds sufficient enough to support a diagnosis of
peanut allergy without a confirmatory oral food challenge. Conversely, the absence of detectable
sensitization using any of these three tests should translate to very low post-test odds of a diagnosis of
peanut allergy. Therefore, despite which test is used, in many cases an oral food challenge will still be
indicated, and thus there is low certainty in the effects of the test in providing benefit for the patient
from this perspective. Once a diagnosis is made through either testing or oral food challenge, there is
low certainty in the benefits of the available treatment options.

Chu DK,Wood RA, French S, et al. Oral immunotherapy for peanut allergy (FACa systematic review and meta-analysis of
efficacy and safety. Lancet. 2019;393:2222-2232.

https://icer-review.org/wp-content/uploads/2018ICER_PeanutAllergy_Final_Report_071019.pdf

Shaker M, Greenhawt M. Estimation of health ancheatic benefits of commercial peanut immunotheragpyipcts: a cost-
effectiveness analysis. JAMA Netw Open. 2019;2:@423

National Academies of Sciences E, Medicine. Finding a Path to Safety in Food Allergy: Assessment of the Global Burden, Causes,
Prevention, Management, and Public Policy. Washington, DC: The National Academies Press; 2017.

RESEARCH EVIDENCE

The use of these diagnostic tests at the stated thresholds (SPT 3
mm or greater, sIgE >0.35 KU,/L, Ara h 2 > 2 KUa/L) is most
helpful in situations of high (>70%) pre-test probability in shifting
the post-test odds appreciably, and can provide moderate to
high certainty of a diagnosis. Testing should be undertaken with
extreme caution in patients with low pre-test probability.

ADDITIONAL CONSIDERATIONS

o Important uncertainty or variability

0 Possibly important uncertainty or variability
® Probably no important uncertainty or
variability

o No important uncertainty or variability

Quality of life and qualitative research has indicated a negative effect based upon a poor understanding
of the implications of diagnostic testing in terms of the severity and prognosis of the patient’s allergy.

Kao LM, Greenhawt MJ, Warren CM, et al. Parental and parent-perceived child interest in clinical trials for food allergen
immunotherapy. Ann Allergy Asthma Immunol. 2018;120:331-333.e1.

Lewis MO, Brown-Whitehorn TF, Cianferoni A, Rooney C, Spergel JM. Peanut-allergic patient experiences after epicutaneous
immunotherapy: peanut consumption and impact on QoL. Ann Allergy Asthma Immunol. 2019; 123:101-103.

Ward C, Greenhawt M. Differences in caregiver food allergy quality of life between tertiary care, specialty clinic, and caregiver-
reported food allergic populations. J Allergy Clin Immunol Pract. 2016;4:257-264.

Waggoner MR. Parsing the peanut panic: the social life of a contested food allergy epidemic. Soc Sci Med. 2013;90:49-55.

Greenhawt M, Marsh R, Gilbert H, Sicherer S, DunnGalvin A, Matlock D. Understanding caregiver goals, benefits, and acceptable
risks of peanut allergy therapies. Ann Allergy Asthma Immunol. 2018;121:575-579.

Greenhawt M, DunnGalvin A. Preliminary psychometric analyses and clinical performance of a caregiver self-efficacy scale for
food allergy self-management. Ann Allergy Asthma Immunol. 2018;120:73-79.

Greenhawt M, Dunn Galvin A, Chalil JM, Prinz M, Rogers M, Green TD. Patient and Caregiver Burden of Peanut Allergy: An
Ethnographic Study. Presented at the 2019 EAACI Pediatric Allergy and Asthma Management Conference, Florence, Italy,
October 18, 2019.

Both patients and clinicians highly value an accurate diagnosis, but
may be concerned about the undesirable effects highlighted
above. There is emerging evidence that uncertainty of what
diagnostic test results imply at the time of diagnosis may have
detrimental effects on patients and their families.

There are no published data on the values and preferences of
patients and families regarding performing diagnostic testing for
food allergy. Specifically there are no data regarding the potential
harms of a false-positive test result as compared with the potential
harms of a missed diagnosis (false-negative test result), or how
the future implications of the erroneous diagnosis may be handled.
This could encompass a scenario where a false negative test results|
in no diagnosis being given, but the individual later eats a peanut
containing item and has a reaction, or alternatively (and more
likely), the scenario of someone diagnosed as peanut allergic based
on positive testing (without a history of ingestion), who later
“outgrows” the allergy and may be resentful of the possibility of a
false positive diagnosis.

Balance of effects

Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Favors the comparison

o Probably favors the comparison

o Does not favor either the intervention or the comparison
o Probably favors the intervention

o Favors the intervention

® Varies

o Don't know

Resources required

How large are the resource requirements (costs)?

The oral food challenge is the most accurate, definitive assessment of peanut allergy.
However, in situations where there is high pre-test probability for peanut allergy, the
three diagnostic tests can greatly assist in increasing (sensitization detected) or
significantly decreasing (no sensitization detected) the post-test odds of having
peanut allergy, and confirmatory oral food challenge may not always be required.
Outside of a strong stated preference where there is low pre-test probability, the
comparator test (oral food challenge) has more desirable effects than the
intervention diagnostic tests, and can be used to avoid diagnostic misclassification.

Ward C, Greenhawt M. Differences in caregiver food allergy quality of life between tertiary care, specialty
clinic, and caregiver-reported food allergic populations. J Allergy Clin Immunol Pract. 2016;4:257-264.

National Academies of Sciences E, Medicine. Finding a Path to Safety in Food Allergy: Assessment of the
Global Burden, Causes, Prevention, Management, and Public Policy. Washington, DC: The National
Academies Press; 2017.

Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D, et al. Food allergy: A practice parameter update—
2014. Journal of Allergy and Clinical Immunology 2014;134:1016-25.e43.

Franxman T, Howe L, Teich E, Greenhawt M. Oral food challenge improves food allergy quality of life. J
Allergy Clin Immunol Pract: 2015; 3: 50-56

Kansen, HM, Le, T-M, Meijer, Y, et al. The impact of oral food challenges for food allergy on quality of life:
A systematic review. Pediatr Allergy Immunol. 2018; 29: 527— 537. https://doi.org/10.1111/pai.12905

The risks of a false positive test are significant and may lead to
prolonged unnecessary avoidance and costs, as well as potential
stigma related to being classified as being peanut allergic.
Particularly at young ages, over-diagnosis by isolated positive
tests of sensitization may also lead to a lost opportunity to
establish peanut tolerance.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

O Large costs

o Moderate costs

o Negligible costs and savings
o Moderate savings

O Large savings

® Varies

o Don't know

There are no studies that directly investigated the resources requirements

All the possible interventions and the comparator tests do
require resources in terms of both direct and indirect costs.
These costs and cost burdens may vary depending on the
healthcare system in question but are likely already nested into
the cost of normal practice operation. Newer management
options based on test results may have additional costs that have
not been studied.

Costs may vary based on the particular healthcare system and
geography but these largely fall into overlapping ranges across
the US. Skin testing (CPT code 95004) may have more variability
in terms of cost and reimbursement than serologic IgE testing
(CPT code 86003) based on a selected sample of US cities in
different parts of the country, detailed below:

Lebanon, NH: 95004 code $9-28; 86003 code $15-598

New York City: 95004 code $9-28; 86003 code $15-$98
Winston-Salem, NC: 95004 code $8-23; 86003 code $15-598
Miami, FL: 95004 code $8-25; 86003 code $15-$98

Kansas City, MO: 95004 code $8-25; 86003 code $15-$98
Duluth, MN: 95004 code $9-25; 86003 code $15-$98
Denver, CO: 95004 code $8-23; 86003 code $15-598
Eugene, OR: 95004 code $9-28; 86003 code $15-$98

Los Angeles, CA: 95004 code $8-25; 86003 code $15-$98




Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low There are no studies that directly assessed the certainty of evidence of resource There would not be any anticipated new resources needed to
o Low requirement. support the use of any of these tests that are not already

o Moderate established and in use in clinical practice. There may be

o High additional resources required to offer Ara h 2 as a stand-alone

oNo included studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?

test, as opposed to a full component panel. Initially more
expensive but then cheaper later.

Operating costs vary from region to region and depend on
practice location, personnel experience, and practice volume.
While 95% of practicing allergists offer oral food challenges, only
17% perform more than 10 per month, which could complicate
access to confirm diagnostic test results.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the comparison

o Probably favors the comparison

o Does not favor either the intervention or the comparison
o Probably favors the intervention

o Favors the intervention

® Varies

o No included studies

Equity

What would be the impact on health equity?

The cost-effectiveness of diagnostic testing varies based on which test is chosen. A
cost-benefit analysis as part of this document shows that use of skin prick testing as
opposed to use of Ara h 2 testing is not cost-effective and is associated with higher
societal costs related to the risk of false positive results, leading to a patient who is
not truly peanut allergic being managed as such. Skin prick testing remains associated
with higher costs and lower benefits as a choice of test (e.g. “dominated” in economic
terms) in the analysis until the specificity of Ara h 2 decreases significantly from the
values identified in the meta-analysis. Deterministic sensitivity analysis did not reveal
other factors related to assessing a patient for peanut allergy with diagnostic testing,
that, if changed, could make this test more cost-effective than Ara h 2.

Skin prick testing to peanut has lower specificity than Ara h 2
testing, and will result in more falsely positive diagnoses
identified, resulting in lower QALY accumulation. However, with
the marginal increase in sensitivity, SPT would result in a slightly
lower rate of peanut allergic reactions.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Reduced

o Probably reduced
o Probably no impact
o Probably increased
o Increased

o Varies

e Don't know

There are no studies that directly assessed the impact on equity.

Serologic testing is more widely available and less dependent on
allergy specialists which may improve equity potentially,
whereas skin testing is the opposite. Certain states have
different reimbursement rules/rates for skin vs. serologic testing,
which could reduce equity if certain of these tests are not
available, based on location or insurance.




Acceptability

Is the intervention acceptable to key stakeholders?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no

o Probably yes
o Yes

o Varies

e Don't know

Feasibility

Is the intervention feasible to implement?

There are not studies that directly assess if the intervention is acceptable to key
stakeholders

Clinician vantage: Multiple prior practice parameters have
echoed these findings; however, there is well-known practice
variation with respect to indication for testing, and
interpretation of tests in certain contexts. The clinician may not
accept or follow guidelines that advise against their current
practices, their training, or their comfort level with decision-
making.

Patient/Advocate Vantage: Patients may have variable
preferences regarding how diagnostic testing is used, and as
stated above may differentially value having a false positive
diagnosis than a false negative diagnosis, or having to undergo
an oral challenge to confirm a diagnosis. There could be a role
for shared decision making and a decision-aid to help patients
consider their options.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

O Probably no

O Probably yes
o Yes

o Varies

® Don't know

There are no studies that evaluated the feasibility of implementing these findings.

This should be feasible to implement but implementation could
be limited by lack of availability of Ara h 2 as a stand-alone test.
Variable reimbursement of allergy testing services may also limit
access to care and implementation. An even more problematic
implementation would be if there are sufficient resources at all
allergy practices to support an increased need for subsequent
oral food challenge to confirm diagnosis when indicated. Not all
allergy practices offer oral food challenges and most primary
care providers would not be conducting oral food challenges.
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TYPE OF RECOMMENDATION

Strong recommendation against the Conditional recommendation against the |Conditional recommendation for either the [EERelT e (1T EIRC=Ie 30 1 T ETATe o (o] 4 1<) Strong recommendation for the
intervention intervention intervention or the comparison intervention intervention
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CONCLUSIONS

Recommendation

Recommendations 1a: We suggest in favor of diagnostic (skin prick or serum sIgE) testing for peanut allergy in patients with a 1) physician-judged high pre-test probability of peanut allergy, or 2) prior to an oral food
challenge for patients with moderate pre-test probability of peanut allergy, with whom shared decision-making has been employed to arrive at the final decision. Conditional recommendation; Certainty of evidence: very
low

Recommendation 1b: We suggest against diagnostic testing in patients with a low or very low pre-test probability of peanut allergy. Conditional recommendation; Certainty of evidence: very low

Recommendation 2a: We suggest in favor of Ara h2 diagnostic testing in a patient presenting for evaluation of suspected peanut allergy for which a single diagnostic test is to be used, as Ara h2 would provide the best
diagnostic accuracy as determined by the more optimal positive/negative likelihood ratio. Conditional recommendation. Certainty of evidence: moderate

Recommendation 2b: We suggest against component testing in addition to either skin prick test or sIgE to whole peanut to increase diagnostic accuracy. Conditional recommendation. Certainty of evidence: moderate.

Recommendation 3: We suggest against the clinician using the results of a SPT, sIgE to whole peanut extract, or sIgE to peanut components to determine the severity of a previous reaction and/or allergy phenotype or to
predict the severity of a future reaction, Conditional recommendation. Certainty of evidence: very low.

Technical remarks:

It is critical to consider diagnostic test performance in the context of the pre-test probability of peanut allergy. The clinician should recognize the circumstances where one or more of the peanut diagnostic tests may not
translate to a clinically meaningful improved post-test odds of peanut allergy. Except in cases of high pre-test probability, it is likely that an oral food challenge will be needed to establish the diagnosis of peanut allergy,
regardless of the results of the selected diagnosis test(s).

Certain tests may be more appropriate than others in particular situations. We suggest that the choice of SPT, sIgE, or Ara h 2 sIgE is not critical in circumstances where there is high pre-test probability of peanut allergy.
While testing of patients with low pre-test probability is not generally recommended, if the decision is made to test in these circumstances, from a test precision standpoint, use of Ara h 2 rather than SPT or sIgE can help

decrease misclassification of patients as peanut allergic, leading to less harm through falsely positive diagnosis. When testing individuals with low pre-test probability, it is recommended that an oral food challenge still be
performed to validate the clinical significance of the detection of sensitization, given that the low pre-test probability in the setting of detectable sensitization translates to only moderate post-test odds of a diagnosis.

Overall justification

In patients with a high pre-test probability for peanut allergy, SPT, sIgE, and Ara h 2 sIgE are highly sensitive and reliable tests that can be considered for routine use in the diagnosis of peanut allergy.

Detailed justification

Test accuracy

These are tests with high sensitivity

Desirable Effects

Detection of sensitization in an individual with likely or suspected peanut allergy will aid considerably in confirming the diagnosis. Choice of test in circumstances where there is high pre-test probability is not critical. The
absence of sensitization is helpful in ruling out the diagnosis (although in many cases, oral food challenge will still be necessary).

Subgroup considerations



Severity of reaction was investigated as a potential subgroup. These tests do not perform well to identify individuals for potentially severe reactions at the dichotomous thresholds investigated. Data are limited that may
better inform if these tests have higher or lower value within other particular subgroups. In infants meeting high-risk criteria for early peanut introduction, SPT is often used; however, incorporation of Ara h 2 might result
in a lower rate of over-diagnosis. Unfortunately, evidence comparing these tests is this particular population is lacking.

Implementation considerations

These are tests that are already in routine use or routinely available for use; however, testing for Ara h 2 as a single component would be needed to implement routine use of this test. In many instances, the clinician is
already using these tests in tandem, potentially. If the clinician starts with the SPT in the office setting, using the Fagan nomogram in figure 3, the post-test odds could then reasonably be used as the pre-test odds for
choice of a confirmatory test, represented by figure 3 for sIgE or figure 6 for Ara h 2. In this setting, given higher specificity and higher positive likelihood ratio, Ara h 2 may be the better choice of a confirmatory test if it
could be obtained as a stand-alone measure.

Monitoring and evaluation

Additional meta-analysis at different cut-off points may help inform decision making, in particular for the severity subgroup or use of tests in sequence/tandem. We would recommend to journal editors that there be a
requirement for future reporting of studies investigating diagnostic test precision in relation to food challenge outcome that raw data be included as a supplemental text denoting the challenge outcome, the numeric
quantity of the test, the sequence of testing run if multiple tests were assessed simultaneously, and any data on severity of the reaction. This would allow for a repository to be created that would greatly assist with
updating practice guidelines. For study authors to make such deidentified data available, it would enable more direct assessment of test performance as a continuous variable, which would allow for different diagnostic
thresholds could be directly assessed and compared for the purposes of meta-analysis and systematic review, as opposed to having to rely on dichotomous assessment of pre-selected thresholds and potential back
calculation of sensitivity/specificity. These factors serve as distinct limitations with regard to this particular document.

Research priorities

Additional studies in more unselected populations, and at a population level are needed. Future research studies reporting diagnostic sensitivity and specificity should report the true/false positive and true/false negative
patient level results to assist in future meta-analyses where cut off levels would be easier to assess. If these data were available, it would have permitted analysis of the sensitization levels as a continuous variable rather
than a dichotomous variable and potentially allowed better comparison of tests used sequentially or in tandem. Better data are needed to help inform what defines low, moderate, or high pre-test probability in a patient
being assessed for possible peanut allergy, as well as to understand how clinicians and patients may perceive risk.



Text Box 1: GRADE Questions Evaluated in thiad®ice Parameter

PICO Questions: GRADE Analysis of Diagnostic Testing in the Diagnosis of Peanut Allergy
1. Should diagnostic testing for peanut allergy eéggmed in adults and children with a history e$gected peanut allergy who are

requesting evaluation for peanut allergy?

2a In the patient presenting for evaluation of susp@gteanut allergy, which of the three tests—SRJE b whole peanut, or Ara h2
would provide the highest diagnostic accur@sygetermined by the more optimal positive/negdtkelihood ratio?

2b. In a patient presenting for evaluation of suspepthut allergy, does testing for peanut componergddition to either SPT or
sIgE to whole peanut increase the diagnestiaracy?

3. Inthe patient presenting for evaluation of saosge peanut allergy, can the results of a diagntssit be used to predict the severity

of a future allergic reaction?




Text Box 2: Defining Allergic Sensitization andRositive Test”

Allergic sensitization is denoted by the preserfodetectable allergen-specific IgE, either throagh
serologic assay or through skin prick testing. tadits for sensitization have a threshold wheredsieis
considered to be positive, as well as either actietelimit or a reporting limit. For skin priclesting, the
most commonly reported convention for where aitesbnsidered “positive” for the presence of alkerg
specific IgE is when the allergen-specific tes2nsm of wheal diameter greater than that of a
simultaneously placed glycerinated saline contAs. discussed in the 2008 Diagnostic Testing Rracti
Parameter (www.allergyparameters.org) differertirigslevices produce some degree of variationen th
size range of negative controls, as does variagtated to the tester. Wheal size is recommenaée t
measured as the average length of the two longestting planes, though many clinics may elect to
measure the longest single plane.

For serum-specific IgE tests using fluorescent eratic immunoassay (FEIA) detection, the instruments
have both detection limits and reporting limitstthave influenced test results. However, eachiunsnt
has particular reporting and detection ranges tlaesk differ between commercial tests. The teahnic
detection limit for these machines is typically &Wa/L, and antibody levels above this threshold are
reported as they are detected, to an upper regdmnit of 100 KUs/L. Quantification of levels >100
KUA/L is possible through sample dilution. For maewarng, the reporting limit was conventionally set at
0.35 KUA/L, though in recent years, this has been replagatie detection limit of 0.1 KML. Using the
older convention of the 0.35 KL reporting limit, “positive” sensitization was esidered to be 0.36
KU/L or higher. With the newer convention of usihg 0.1 KU/L detection limit as the reporting limit,
“positive” sensitization would therefore be 0.11 KU. This creates a conundrum of how to interpret
sensitization between 0.11 KWL and 0.35 KW/L, which prior to the change in reporting conventi
would have fallen into the “negative” range. |tdsbatable that such sensitization is clinicallgvant, or
that many clinicians would only consider sensit@atbove 0.7 KW/L as clinically relevant. Nonetheless
studies may report positive sensitization at 0.1J.K in a binary fashion. One additional classifioat
that is seen are classes representing sextilggafuiantity detected between the upper and lovgentiag
limits. These are arbitrary conventions that datek to the quartiles originally described for
Radioallosorbent Testing, adjusted for the FEIAhndt Class O represents levels below the reporting
limit, and class 1 typically starts at the repagtiower limit, ranging to class 6 representing hinghest
levels detectable which are reported. These dasignations have no clinical relevance in and of
themselves, and no reference to class designasionade in this document.

In this document, if the term positive is usedialation to either form of test it is in this sertat this
refers to positive detection of sensitization (@ @ositive test). Unequivocally, positive detectof
sensitization is unrelated to a positive clinicagmosis of allergy. A positive diagnosis is poadéed on
both a demonstrated clinical history of allergy &mel presence of detectable sensitization, oriip ve
circumscribed instances, very high levels of seratibn in infants with very particular pre-exigginisk
factors who have never ingested peanut previously.




Text Box 3: Examples of Pre-test Probability int€enining if Diagnostic Testing is Indicted

1. High pre-test probability should be considered as a situation where thesengastion of peanut and
typical IgE mediated symptoms of an allergic reactiesulted, either directly observed or reportedn
infant meeting NIAID early peanut introduction higkk criteria prior to peanut introduction. Tesfiis
of the highest utility in these scenarios and peaensitization above a certain threshold is ofi hig
likelihood to be associated with the highest pest-bdds of a diagnosis of peanut allergy.

2. Moderate pre-test probability should be considered as a situation where théesssclarity that peanut
was ingested and resulted in IgE mediated symptbatssome consideration for this in explaining an
allergic reaction under evaluation. In some insta@rt may represent situations where the pati@nnlt
previously consumed peanut but could be consideradisk greater than the general population for
peanut allergy based on the presence of certa@s typother food allergies, certain atopic comatieisl
(e.g., severe eczema), or certain children outbieldirst year of life with delayed peanut introtiao.
Testing is of unclear utility in these situatioaad not necessarily associated with post-test thdds
clarify clinical decision making. An oral food dlemge may be required to definitively establish a
diagnosis when there is peanut sensitization ab@eztain threshold.

3. Low pre-test probability should be considered a situation where thereriglitde uncertainty that the
person is peanut tolerant (e.g. eats peanut withezdming symptomatic), that peanut was unrelated
the allergic reaction being evaluated (e.qg. ilesucthat a single allergen other than peanutylikelised
the aforementioned reaction and the product wasytdeee, or peanut is being tested solely bectuse
part of a multi-allergen panel and there is no gjgaadependent concern for peanut allergy itself)
family history of peanut allergy or allergic diseageneral curiosity about what someone could
speculatively be “allergic to”, or for an infant gteng addendum 2 or 3 criteria for NIAID early paan
introduction guidelines prior to peanut introduntitn some instances it may represent situatioresevh
the patient has not previously consumed peanubkeutlinician may have concern that the patieat &
risk greater than the general population for peahetgy based on the presence of certain typesher
food allergies or concern for cross-reactivity taer atopic comorbidities (e.g., mild or moderate
eczema), or certain children outside the first yédife with delayed peanut introduction but whavi
no baseline risk factors. Testing in these situmstis of exceptionally limited to no utility whatsver, is
not associated with any shift of post-test odds baseline, and is not indicated. An oral foodlleinge

is likely required to establish that the peanusgemation detected is clinically irrelevant.




Text Box 4: Key Questions in Peanut Allergy Diagnostic Testing

Arethereany clinical indicationsto obtain peanut aller gy testing for a patient who is eating
peanut without immediate onset or reproducible symptoms?

In general, no. However, rare exceptions to this include part of the evaluation of patients with
eosinophilic esophagitis where dietary elimination is considered as atreatment option, whichisa
highly specific context with very particular (non-IgE mediated) symptoms, which is beyond the
scope of this document.

Which test should be ordered in the evaluation of patientswho have never ingested peanut, i.e.
prior to early introduction for at risk infants?

Peanut skin prick and serum IgE testing is poorly specific and in genera should not be used asa
screening tool for someone who has never eaten peanut before and devel oped symptoms. When
used as part of the early introduction guiddines for infants less than 6 months of age who have
severe eczema and/or egg allergy, both skin prick and serum peanut IgE tests can be utilized. There
isno current role for component testing in this context. Even in patients with very high peanut
specific IgE levels, without a history denoting that they have eaten peanut and become
symptomatic, these are very difficult to interpret, and OFC should be considered to definitively
diagnose such patients. A shared decision-making approach can be employed here, given that some
parents and clinicians may strongly feel that such test values represent a high likelihood of clinical
allergy, despite the absent history.

Arethere cut-off levelsfor peanut skin prick or serum IgE testing that diagnoses peanut
allergy?

A universal cut-off level does not exist. These aretechnically difficult to generate, given that these
are based on accurately knowing the population prevalence of peanut alergy. Cut-off levels are only
relative probabilities that are imperfect and have an error rate that will potentially misclassify
individuals. When prevaence of disease is not known, the likelihood ratio is amore applicable test.
Thistells the likelihood of a positive test in someone with the disease compared to the likelihood of a
positive test in someone without disease, and can help convert the pre-test probability that someone
has the disease to a post-test odds using a Fagan nomogram. Thus, as stand-alone measures, neither
skin prick nor serum IgE test results can be interpreted as diagnostic for peanut allergy.

Should peanut aller gy testing be considered in children with moder ate-to-sever e atopic
dermatitis?

Atopic dermatitisis caused by changes in the epidermal skin barrier and is generally not due to food
alergy, though children with persistent and refractory moderate-to-severe atopic dermatitis may be
at higher risk of developing food alergy. Peanut allergy testing should not be a standard part of the
evauation for any patient with atopic dermatitis. However, in avery small subset of infants and
young children with severe, treatment- refractory atopic dermatitis may benefit from select food
alergy, including peanut alergy testing if the clinical history suggests peanut has not yet been
introduced, or there is suspicion that peanut ingestion is temporally associated with flares.

Should children with afamily history of peanut allergy in another sibling be evaluated for
peanut allergy prior to thisbeing introduced?

Screening of younger siblings for peanut allergy should not be routinely performed, and thereis no
evidence that such individuals are at higher risk for developing peanut alergy based just on the
sibling history alone. To facilitate timely introduction and prevent delay, there could be
consideration for arole for testing when parents are overly anxious about introducing peanut and
will not introduce peanut to their child through any other means. However, such testing must be



interpreted properly and a positive result not be considered diagnostic for peanut alergy. In these
Situations, either skin prick or serum IgE testing may be utilized. Data exists to show that this
practiceis not cost-effective until there is amuch higher baseline prevalence of peanut allergy in the
population, and then only cost-effective if sensitized children undergo challenge rather than avoid
peanut based on strong sensitization. Thereis no indication to utilize component testing in this
context.

Areall patientswith detectable Arah 2 clinically allergic to peanuts?

No. Detectableisolated sensitization to Arah 2 isnot diagnostic for peanut alergy, and a diagnosis
can only be made where the individual is sensitized in the context of aknown or suspected reaction
after eating peanut. There are no well-established cut off levels for Arah 2 at thistime that indicate
the presence of allergy versus sensitization. However, when compared to whole peanut skin prick
and sIgE tests, Arah 2 testing has vastly increased specificity, though thisis still largely dependent
on the context in which any testing isindicated. Patients may have detectable Arah 2 but exhibit
no clinical reactivity upon ingestion of peanut.

Does component testing predict the severity of futurereactions?

No test, including components, has good sensitivity or specificity to indicate the severity of
symptoms of afuture reaction. Component testing may have a potentia role to help identify
sensitization patterns that indicate recognition of cross sensitization with pollen alergens as
opposed to more primary alergens unique to peanut, though the clinical significance of thisis till
to be defined.

When should component testing be ordered astheinitial diagnostic test?

Therole of component testing is evolving, and it is unclear how and when these tests should be
used. Comparatively, testing for Arah 2 compared to whole peanut skin prick and sIgE testing
does have significantly higher specificity, which may trandlate to alower likelihood of afalse
positive diagnosisif testing is run the right context. Moreover, in this context, use of Arah 2 asa
stand-alonetest is highly cost-effective. However, thereis a present knowledge gap if Arah 2
should be theinitial test ordered.



