Journal Pre-proof

Skin testing improves predictive value of mid-range peanut specific IgE and Ara h 2
levels in the LEAP study

e e {3
= LB |y =
== W PRACTICE =

Joshua S. Bernstein, MD, Thao Vu, PhD, Carolyn H. Baloh, MD, Michelle F. Huffaker, | ==

MD, George Du Toit, MB BCh, Stephen C. Dreskin, MD PhD

PII: S2213-2198(25)00214-4
DOI: https://doi.org/10.1016/j.jaip.2025.02.041
Reference: JAIP 5888

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 1 November 2024
Revised Date: 27 February 2025
Accepted Date: 28 February 2025

Please cite this article as: Bernstein JS, Vu T, Baloh CH, Huffaker MF, Du Toit G, Dreskin SC, Skin
testing improves predictive value of mid-range peanut specific IgE and Ara h 2 levels in the LEAP
study, The Journal of Allergy and Clinical Immunology: In Practice (2025), doi: https://doi.org/10.1016/

j.jaip.2025.02.041.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal

disclaimers that apply to the journal pertain.

© 2025 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2025.02.041
https://doi.org/10.1016/j.jaip.2025.02.041
https://doi.org/10.1016/j.jaip.2025.02.041

coONO UL WN K

39
40
41
42

43
44
45

Skin testing improves predictive value of mid-range peanut specific IgE and Ara h 2 levels in the
LEAP study

Joshua S. Bernstein, MD!, Thao Vu, PhD?, Carolyn H. Baloh, MD?, Michelle F. Huffaker, MD*,
George Du Toit MB BCh?®, Stephen C. Dreskin, MD PhD*®

'Division of Allergy and Clinical Immunology, Department of Medicine, University of Cincinnati,
Cincinnati, OH. Corresponding Author: Email: bernstj@ucmail.uc.edu. Phone: 513-237-7145
*Department of Biostatistics and Informatics, Colorado School of Public Health

University of Colorado Anschutz Medical Campus, Aurora, CO, USA. Email: thao.3.vu@cuanschutz.edu
? Division of Allergy and Clinical Immunology, Brigham and Women’s Hospital and Immune Tolerance
Network, Boston, MA. Email: cbaloh@immunetolerance.org

“Immune Tolerance Network, University of California San Francisco, San Francisco, CA. Email:
mhuffaker@immunetolerance.org

*Peter Gorer Department of Immunobiology, School of Immunology & Microbial

Sciences, London, United Kingdom, Pediatric Allergy Group, Department of Women and Children’s
Health, School of Life Course Sciences, King’s College London, London, United Kingdom and
Children’s Allergy Service, Guy’s and St Thomas’ NHS Foundation Trust, London,

United Kingdom, London. Email: George.DuToit@gstt.nhs.uk

®Division of Allergy and Clinical Immunology, Department of Medicine, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA. Email: STEPHEN.DRESKIN@CUANSCHUTZ.EDU

Acknowledgements: We are extremely grateful for the work and contributions of Professor Gideon Lack,
the Immune Tolerance Network (ITN), and everyone involved with the Learning about Early Peanut
Allergy (LEAP) trial.

Conflict of Interest: JSB and TV have no disclosures. CHB and MFH report this research was performed
as a project of the Immune Tolerance Network, an international clinical research consortium
headquartered at the Benaroya Research Institute and supported by the National Institute of Allergy and
Infectious Diseases of the National Institutes of Health under award no. UM1AI109565 (ITN). The
content is solely the responsibility of the authors and does not necessarily represent the official views of
the National Institutes of Health. GdT reports grants from National Institute of Allergy and Infectious
Diseases (NIAID, NIH), Food Allergy & Research Education (FARE), MRC & Asthma UK Centre, UK
Department of Health through NIHR, Action Medical Research and National Peanut Board. Scientific
Advisory Board member Aimmune. Investigator on pharma-sponsored allergy studies (Aimmune, and
DBV Technologies). Scientific advisor to Aimmune, DBV and Novartis. SCD reports grant support from
the National Institutes of Health, Genentech, Inc and serves on an advisory board and/or is a consultant
for UKKO, Inc.

Word count: 1000

Number of Figures: 2, including two supplementary figures (Figure E1, Figure E2) for online repository.

Key Words: Peanut Allergy, Ara h 2, IgE, Diagnostics, Receiver Operating Curve, LEAP Study

Clinical Implications:

There is a need to easily predict clinically important peanut allergy without OFC. The presence of both a
positive SPT (3mm) and Ara h 2-sIgE >0.29 kU/L at 60 months may preclude the need for OFC in
children meeting LEAP study inclusion criteria.
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Peanut allergy has a prevalence of ~2% and is the leading cause of food-induced fatal and near-fatal
anaphylaxis. [1] Distinguishing between sensitization and clinically relevant peanut allergy remains
challenging, especially for patients whose peanut-specific immunoglobulin E (PN-sIgE) levels are neither
very low nor very high.

PN-sIgE is the most sensitive test for prediction of clinically important peanut allergy (sensitivity
(SN)=0.93), whereas Ara h 2-sIgE is the most specific (specificity (SP)=0.92). [2] Ara h 2 is the best
overall individual diagnostic test by receiver operative characteristic (ROC) analysis, with an area-under-
the-curve (AUC) of 0.84, compared to peanut-sIgE, which has an AUC of 0.69. [2]

Historically, PN-sIgE >0.35 kU/L was reported as a positive result, with low specificity (23-58%) and
positive predictive value (PPV) (44-71%).[3] Some laboratories now report PN-sIgE of >0.10 kU/L as a
positive test but the value of this cut-off has not been well studied.

Accurately predicting peanut allergy improves with higher peanut and Ara h 2-sIgE values. Previous data
suggest a PN-sIgE of 6 kU/L has a 90% predicted probability of clinical reactivity and at 13 kU/L this
probability increases to 95% with a sensitivity of 60%, specificity of 96%, PPV of 99% and negative
predictive value (NPV) of 35%. [4] A peanut skin prick wheal size of >8 mm and PN-sIgE >15 kU/L are
reported to predict peanut allergy with 95% and 92% certainty for a positive challenge, respectively. [5]
For Ara h 2-sIgE, a cutoff of >1.75 kU/L has a 100% positive predictive value, and ~30% of patients
could be diagnosed with 100% accuracy.[6] The addition of other measurements such as skin prick test
(SPT) wheal size or ex vivo basophil reactivity further increases the accuracy of these tests.[7, 8]

The Learning about Early Peanut Allergy (LEAP) trial was pivotal in demonstrating the benefit of early
introduction of peanuts in high-risk children to decrease the frequency of peanut allergy.[9] Santos et al.
used this data set to identify severity and threshold of reactions during oral peanut challenges.[7]
Optimal cutoffs conferring high risk for developing severe allergic reactions included BAT 48%, Ara
h 2-sIgE of 1.4 kU/L, PN-sIgE >5 kU/L and a peanut SPT of 8mm. Multivariate models were
superior to individual biomarkers and were used to calculate the probability of serious adverse
events during oral food challenge (OFC). [7]

The LEAP study team developed a model using SPT, PN-sIgE, Arah 1, Ara h 2, and Ara h 3-sIgE
values to predict peanut allergy in the absence of an OFC. [8] This prediction model, applied to 617
LEAP participants with a determinate OFC, had an AUC of 0.99, with an overall error rate of 2.6%.
However, mismatches between observed and predicted OFC results occurred when PN-sIgE ranged
from 0.20-2.17 kU/L. [8]

There remains a need to develop simple approaches using easily obtainable biomarkers to predict the
presence of clinically important allergies to peanuts without performing OFC in subjects with PN-
sIgE values in the non-extreme range of >0.1 and <15 kU/L.

To address this need, we focused on the peanut avoidance group (n=321) in the LEAP study data set
because this group is a cohort of subjects at highest risk of having demonstratable peanut allergy at 5
years (60 months) of age when the graded OFC was performed.

All LEAP study participants randomized to the peanut avoidance group with very low PN-sIgE<0.1 or
very high PN-sIgE >9 kU/L at 60 months (n= 186) had predictable outcomes of either negative or positive
OFC respectively (Figure E1). Further biomarkers are not needed as the PN-sIgE data gave an AUC 1.0
with 100% sensitivity, specificity and accuracy. Changing the upper limit to >13kU/L or >15 kU/L based
on the published literature did not affect this finding.
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For subjects in the peanut avoidance group with PN-sIgE in a non-extreme range >0.1 to <9 kU/L at 60
months, a positive SPT at 60 months, defined as >3mm, was superior (orange line, AUC 0.8619, pP<10,
n=116) to PN-sIgE (yellow line, AUC= 0.67, P=0.002, n= 116) or Ara h 2-sIgE alone at 60 months
(green line, AUC= 0.86, p<10®, n=112) (Figure 1). These subjects have “difficult to diagnose” peanut
allergy, and additional biomarkers are needed to make more accurate predictions. Sensitivity, specificity,
accuracy, PPV, and NPV are shown for optimal cutoffs of PN-sIgE =6 kU/L (selected for PPV >90%) and
for Ara h 2-sIgE =0.56 kU/L (selected for PPV=100%).

The presence of a positive SPT >3mm at 60 months markedly increases diagnostic accuracy of PN-sIgE
(AUC 0.8653, p=10?, n=116) but, at the chosen threshold of 6 kU/L, did not change the performance
metrics (blue line, Figure 2). However, for Ara h 2-sIgE, the presence of a positive SPT not only increased
diagnostic accuracy (purple line, AUC 0.943, p <102, n = 112), but also allowed a lower threshold of Ara
h 2-sIgE (=0.29 kU/L) to reach 100% SP and PPV (no false positives) (Figure 1). A flowsheet of this
approach is shown (Figure E2). Importantly, as the SPT wheal size increases, the cut off for Ara h 2-sIgE
to achieve 100% SP and 100% PPV decreases dramatically (Figure 2).

In conclusion, the presence of a positive SPT and an Ara h 2-sIgE of >0.29 may preclude the need for an
OFC in subjects who meet the LEAP study inclusion criteria [9], with the understanding that there is a
significant false negative rate of 52%. Compared with Sever et al (8) where analysis of multiple
parameters in all subjects regardless of PN-sIgE values led to an error rate of 2.8%, our overall error rate
using only Ara h 2-sIgE and the presence of a positive SPT was 12.5%.

Strengths of this report include the focus on subjects with difficult to diagnose peanut allergies and the
use of easy to obtain clinical data. Limitations include the makeup of the LEAP cohort, the retrospective
analysis, the relatively small number of subjects in the difficult to diagnose range of PN-sIgE with
positive SPT, and the need to repeat this study both prospectively and with a different database.
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Figure legends

Figure 1. A positive SPT (3mm) augments prediction of peanut allergy when PN-sIgE >0.1 and <9 kU/L
at 60 months. TH=threshold, SN=sensitivity, SP=specificity, ACC=accuracy, PPV=positive predictive
value, NPV=negative predictive value.

Figure 2. Increasing SPT size from 3mm (n=43) to 5Smm (n=27) to 8mm (n=15) decreases the threshold
of Ara h 2-sIgE needed to achieve 100% SP and PPV.
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Figure E1. Peanut allergy is easy to predict in peanut avoidance group with PN-sIgE <0.1 or >9 kU/L at
60 months.

Figure E2. Flowchart. Key findings are highlighted in blue.



