
genomic DNA confirmed the presence of the mutation in all
probands (see Fig E3 in this article’s Online Repository at
www.jacionline.org). The parents of P1 were heterozygous
for the mutation. The frameshift mutation results in
substitution of the Cys306 residue with valine, followed by 2
novel residues and a premature stop codon (Fig 1, C). The
patient fibroblasts had significantly lower NIK mRNA levels
than those of controls (Fig 1, D). Because endogenous NIK
protein level is extremely low due to continuous degradation
by TNF Receptor Associated Factor 3,2 expression of an
N-terminal Myc-tagged mutant NIK was examined in
transfected HEK293T cells. Immunoblotting revealed an
approximately 130-kDa band in wild-type NIK-transfected
cells and an approximately 34-kDa band in NIKCys306Valfs*2-
transfected cells, corresponding to the expected sizes of
wild-type and mutant NIK (Fig 1, E). Fibroblasts from P1
stimulated with a-LTbR for 48 hours had absent p100
phosphorylation and processing (Fig 1, F). P1 fibroblasts
also failed to upregulate VCAM1 and chemokine (C-C motif)
ligand 20 expression after a-LTbR stimulation but did so
normally after TNF-a stimulation (Fig 1, G).

Lymphotoxin a can drive the formation of mesenteric and
cervical LNs, and splenic PNA1 B-cell clusters independently
from LTbR signaling in LTb2/2 mice.8 Increased TNF-a levels
can drive mesenteric LNs and organized spleen formation in the
absence of LTbR.9 Intact lymphotoxin a and TNF-a production
and signaling, which depend on the classical NF-kB pathway,
may have permitted residual lymphoid structures to form in
our patient, also reflected in his lack of lymphocytosis and
near-normal antigen-specific T-cell proliferation studies. Residual
secondary lymphoid organs (SLOs) may have enabled donor he-
matopoietic cells to mount a robust adaptive immune response in
our patient. As in our patient, HSCT corrects low serum IgG levels
in aly/aly mice.3 In contrast, in patients and mice with missense
mutations in IkBa, disruption of both classical and noncanonical
NF-kB signaling results in both impaired TNF-a production and
defective LTbR signaling, which may not allow the formation of
sufficient SLOs for the development of an adaptive immune
response, resulting in failure of HSCT to achieve immune reconsti-
tution. HSCT may be useful in treating patients with NIK defi-
ciency, or other deficiencies that selectively disrupt the
noncanonical NF-kB pathway, who have residual SLOs.
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Cost-effectiveness of diagnostic algo-
rithms for peanut allergy in children

To the Editor:
Peanut allergy, one of themost common food allergies globally,

leads to health consequences ranging from mild to severe
reactions including life-threatening anaphylaxis.1,2 An accurate
diagnosis is paramount to prevent erroneously diagnosed peanut
allergy and, consequentially, reduced quality of life among indi-
viduals who actually tolerate peanuts.3

Diagnosing peanut allergy involves diagnostic procedures
including careful review of clinical reactions, peanut-specific
IgE, skin prick test (SPT), and an oral peanut food challenge (FC),
optimally performed using a double-blind placebo-controlled FC
approach. In addition, component-resolved allergen diagnosis4-6

(CRD) and possibly also peanut conjunctival allergen provoca-
tion test7 (CAPT) may improve peanut allergy diagnosis. Testing
CRD in diagnosis of peanut allergy has been found useful in as-
sessing the likelihood of clinical allergy or cross-reactive allergic
manifestations.4-6,8,9 The CAPTwas recently shown to be feasible
and of diagnostic value in peanut allergy7 and could potentially be
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a safe in vivo alternative to FC (for details, see this article’s Online
Repository at www.jacionline.org), but further clinical evaluation
is still needed. Although not sufficient to replace other diagnostic
methods, both CRD and CAPT may improve diagnostic
accuracy.4-7

Several diagnostic algorithms, often including CRD, have
recently been published6; however, there is a remarkable paucity
of economic evaluation of peanut allergy diagnostic tests and

algorithms. We therefore aimed to determine the cost-
effectiveness of available diagnostic algorithms and identify the
strategy that provides the highest diagnostic accuracy and effec-
tiveness at acceptable costs.

Based on the Oslo Peanut Allergy Study (OPAS) that
investigated 122 children aged 4 to 18 years of whom 94 children
were recruited with possible peanut allergy and 28 children were
known to tolerate peanuts,7 we performed an economic evaluation

DA-I Pos n: 65 Pos n: 43
Ara h 1, 2, 3 FC n: 65

Neg n: 22

Pos n: 0
Pos n: 97 CRD n: 97 Pos Ara h 8 & Pos Ara h 9 n: 0 FC n: 0

C: $22.28 C: $30.26 C: $22.28 C: $415.46 Neg n: 0

Neg n: 32 Pos Ara h 8 & Neg Ara h 9 n: 10

Ara h 1, 2, 3 C: $11.14
Pos n: 1

n: 122 Neg Ara h 8 & Pos Ara h 9 n: 1 FC n: 1

C: $22.28 C: $415.46 Neg n: 0

Neg Ara h 8 & Neg Ara h 9 n: 21

C: $11.14
Neg n: 25

DA-II Pos n: 33

Pos n: 50 FC n: 50
Pos n: 65 Neg n: 17
Ara h 1, 2, 3 CAPT n: 65

Neg n: 15

Pos n: 0
Pos n: 0 FC n: 0

Pos n: 97 CRD n: 97 Neg n: 0
Pos Ara h 8 & Pos Ara h 9 n: 0 CAPT n: 0
C: $22.28 C: $202.34 Neg n: 0

Neg n: 32 Pos Ara h 8 & Neg Ara h 9 n: 10

Ara h 1, 2, 3 C: $11.14 Pos n: 1
n: 122 Pos n: 1 FC n: 1

CAPT n: 1 Neg n: 0

C: $22.28 C: $202.34 Neg n: 0

Neg Ara h 8 & Neg Ara h 9 n: 21

Neg n: 25 C: $11.14

C: $11.14

Current-DA
Pos n: 48

Pos n: 72 FC n: 72

Pos n: 97 SPT n: 97 C: $415.46 Neg n: 24

n: 122 C: $22.28 C: $82.89 Neg n: 25

Neg n: 25

C: $11.14

Hx

Peanut s-IgE
C: $38.37

Peanut s-IgE

C: $38.37

Peanut s-IgE

C: $38.37 Neg Ara h 8 & Pos Ara h 9 n: 1 C: $415.46

C: $22.28

C: $415.46

C: $415.46

C: $11.14

C: $415.46

C: $22.28 C: $30.26

C: $22.28 C: $202.34

FIG 1. Decision tree. The base-case analysis excluded SPT from DA-I and DA-II (for scenario analyses

including SPT incorporated in the algorithms after testing CRD, see this article’s Online Repository at www.

jacionline.org). The peanut CRD (Ara h 1-3, 8-9) were measured additionally to peanut s-IgE. Ara h 8 and Ara

h 9 were presented separately to illustrate the proposed decision making. Some of the costs depended on

the test result (different costs were assigned for a negative test result and a positive test result). Branches

with Neg Ara h 1, 2, 3 were not assigned any costs because the additional costs depended on the Ara h 8 and

Ara h 9 results. C, Costs of diagnostic procedures based on detailed cost breakdown; Hx, clinical reaction

history; n, patient distribution moving through the diagnostic algorithms based on transition probabilities

derived from the Oslo Peanut Allergy Study;Neg, negative result; Pos, positive result; s-IgE, peanut-specific
IgE. Nodes: square, decision node; circle, event node; triangle, terminal node.

TABLE I. Probabilistic cost-effectiveness results

Probabilistic results Costs (95% PPCrI) QALYs (95% PPCrI) ICER*

DA-I $1376.94 ($1082.72-$1621.11) 7.29 (5.41-8.07) —

DA-II $1384.95 ($1073.73-$1635.11) 7.31 (5.37-8.08) $353.75

Current-DA $1572.14 ($1283.76-$1821.81) 7.22 (5.42-8.04) Strongly dominated

PPCrI, Posterior-predicted credible interval.

*ICER presents the incremental costs per incremental QALYs associated with the particular strategy in comparison with the next more costly alternative. Strategies are categorized

as weakly dominated if they result in a less favorable ICER compared with the next more effective strategy, and as strongly dominated if they lead to lower QALYs at higher costs.
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of diagnostic algorithms for peanut allergy (for details, see this ar-
ticle’s Online Repository at www.jacionline.org). Our decision-
analytic model compared 3 strategies for diagnosing peanut
allergy using a decision tree, as outlined in Fig 1, as well as a
Markov model. The decision tree helped in simulating patients’
transitions through the sequences of diagnostic tests included in
the proposed diagnostic algorithms and provided the proportion
of patients being true positive, false positive, true negative, and
false negative together with the associated costs. These cohorts
of patients, distributed by the decision tree, proceeded to one of
the Markov model’s health states (see Fig E1 in this article’s
Online Repository at www.jacionline.org). The Markov model
was developed to analyze the long-term outcomes of the proposed
diagnostic algorithms, simulating the transitions of patients
between mutually exclusive health states over 10 years. The first
diagnostic algorithm (Current-DA) reflected current Norwegian
clinical practice and was composed of a careful history of clinical
reactions, peanut-specific IgE, SPT, and an FC. The 2 subsequent
diagnostic algorithms additionally implemented CRD (DA-I) and
CRD as well as CAPT (DA-II) to the sequence of diagnostic tests
used in Current-DA. The SPTwas excluded from DA-I and DA-II
because of its minor diagnostic value in the 2 proposed algorithms
(for scenario analyses showing the cost-effectiveness results
when including SPT, see Table E3 in this article’s Online
Repository at www.jacionline.org).

The decision-analytic model measured outcomes expressed in
quality-adjusted life-years (QALYs) and accounted for specific
costs of each diagnostic test and health state from an extended
health care perspective (for details, see Methods and Table E1 in
this article’s Online Repository at www.jacionline.org; for
detailed cost breakdown, see Reference E14 in this article’s On-
line Repository at www.jacionline.org). The principal result
was an incremental cost-effectiveness ratio (ICER). We consid-
ered a diagnostic algorithm to be cost-effective if (1) it resulted
in higher effects at the same or lower costs or (2) its ICER was
beneficial compared with that of the next more effective diag-
nostic alternative. Diagnostic strategies were categorized as
weakly dominated if their ICER was less favorable compared
with the ICERs of alternatives that were more effective, and as
strongly dominated if they provided lower effects at higher costs.

The Oslo Peanut Allergy Study results have been reported
previously.7 Briefly, all 81 children with a positive FC had a pos-
itive CAPT result, and in addition 12 children had a positive
CAPT result with a negative FC. Fig 1 presents the patient flow
and costs of the diagnostic procedures nested within each diag-
nostic algorithm. Our decision-analytic model predicted DA-II
to be the most cost-effective algorithm for diagnosing peanut al-
lergy in children (ICER of $353.75/QALY; Table I). More specif-
ically, DA-II was superior to DA-I, whereas Current-DA led to
lower QALYs at higher resource use indicating its lack of cost-
effectiveness.

We performed a number of analyses to handle the uncertainty
in the model. The probabilistic sensitivity analyses, performed
using 5000 Monte Carlo simulations, identified DA-II to be the
most cost-effective diagnostic strategy. DA-II had higher cost-
effectiveness probability and net monetary benefit compared with
DA-I at all willingness-to-pay thresholds above $1000/QALY.
After accounting for uncertainty, the results also concurred that
Current-DA was constantly associated with lower effects and
higher costs (ie, a strongly dominated strategy). We present the
uncertainty in the obtained cost-effectiveness results in the form

of cost-effectiveness acceptability curves and a cost-effectiveness
acceptability frontier in Fig E2 in this article’s Online Repository
at www.jacionline.org. We additionally conducted a number of
scenario and one-way sensitivity analyses that led to similar re-
sults and presented no substantial divergence from the model’s
base-case results (see this article’s Online Repository at www.
jacionline.org).

Because an appropriate selection of patients is crucial for
determining the optimal diagnostic strategy, we further analyzed
the cost-effectiveness of the strategies at different prevalence
levels. The results suggested that DA-II was the most cost-
effective strategy in a population with a peanut allergy prevalence
of at least 5% (see Fig E4 in this article’s Online Repository at
www.jacionline.org). The analyses projected that a more hetero-
geneous patient population, resulting in less than 5% of patients
being diagnosed with peanut allergy, would lead to borderline
cost-effective results based on the lowest willingness-to-pay
threshold proposed in Norway (see Methods in this article’s On-
line Repository at www.jacionline.org). Hence, careful selection
of the patient population with suspected peanut allergy would
ensure a high degree of cost-effectiveness of the diagnostic
strategy.

Concluding, the decision-analytic model indicates the cost-
ineffectiveness of the currently used diagnostic algorithm.
Compared with DA-I and Current-DA, the diagnostic algorithm
DA-II, which incorporates CRD and CAPT, appears to represent
the most cost-effective strategy to diagnose peanut allergy in
children. Yet, although our results indicate that CAPT7 may
improve the cost-effectiveness of diagnosing peanut allergy, this
procedure is still rarely used in clinical practice and further
assessment of its clinical benefits and its possible value as a safer
substitute for FC is needed.
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Ordinary vibratory angioedema is not
generally associated with ADGRE2
mutation

To the Editor:
We report on the prevalence and pathogenesis of vibratory

angioedema, an under-investigated subtype of inducible urticaria,
first described as an occupational disease in which patients
working with a pneumatic hammer had severe swelling of the
whole arm, but later also as sporadic cases in occupations in
which only mild vibrations occur, for example, in a saxophonist
and trumpet player,1,2 or following everyday vibratory stimuli
such as riding a bicycle over cobblestone pavement. Regarding
the prevalence and pathogenesis, little is known but recently a
mutation with missense substitution in ADGRE2 was described
in an affected family.3 To better understand the condition, we
studied a representative group of 91 medical students in China
and 81 in Germany (all undergoing a lecture on dermatology in
a compulsory course at the university). They received a
3-minute introduction about the disease and a questionnaire
(see Fig E3 in this article’s Online Repository at
www.jacionline.org) asking whether pruritus or swelling
occurred during everyday vibrations (such as riding by bicycle
or motorcycle on cobblestone pavement). All study subjects
responding positively in the questionnaire (7 in China, 18 in
Germany) were asked to participate in a provocation test using
a vortex. In China 5 and in Germany 9 of those asked agreed. In
addition, 6 healthy controls in Germany and 7 healthy controls
in China were included.

For provocation, 1 palm was put on the vortex for 5 minutes as
described in Zuberbier et al.4,5

The differential diagnosis symptomatic dermographism was
excluded by using sheering forces according to the guideline.5

A blood sample was taken for the measurement of
serum-histamine content from the draining vein before (0) and at
5, 15, and 30 minutes after the vortex provocation. Palm thickness
was measured with vernier caliper at the thickest part of the palm
before and after provocation. Three of the 5 Chinese patients who
showed positive symptoms on the provocation test in additionwere
checked for a mutation in ADGRE2 (see this article’s Methods
section in the Online Repository at www.jacionline.org).

Eighty-one participants in Germany with the mean age of
24 years (range, 22-37 years) were evaluated; 22.2% of the
participants of the questionnaire stated to have symptoms in the
palms after vibratory stimuli. The main symptoms were pruritus
(100%), wheals (16.7%), and angioedema (5.6%). Women were
more frequently (2:1) having a positive anamnesis of vibratory
angioedema/pruritus than did men.

Of the 91 participants in China (mean age, 27.2 years), 7 study
participants (7.7%) reported symptoms of vibratory angioedema,
including erythema and pruritus (100%). Further clinical re-
actions were angioedema of the hand (33.3%) and wheals
(22.2%). In China, the male/female ratio was 1:6. In all subjects
(Germany: 6 males, 12 females; China: 1 male, 6 females) with a
positive anamnesis, symptoms could be reproduced in objective
testing with a vortex.

Dermographism was only red but not urticarial after applying a
sheering force in all. Fig E1 in this article’s Online Repository at
www.jacionline.org shows the swelling of hands after the provo-
cation test and the administration of visual analogue scale in the
Chinese group.

Study participants (n5 3) with vibratory angioedema showed a
significant (P 5 .001) increase in serum-histamine content after
provocation in contrast to the control group without anamnestic
vibratory angioedema both in China and in Germany (see Fig
E2 in this article’s Online Repository at www.jacionline.org)
with a rapid time course (Fig 1, B) indicating clearly a mast cell
involvement.

Fig 1 shows the time course of increased levels of histamine
after provocation. The testing with the vortex showed a positive
result in all participants who had mentioned a history of vibratory
angioedema/pruritus. Those exhibiting worst symptoms (total 5
persons) were checked for the mutation in ADGRE2; however,
the mutation in ADGRE2 described recently could not be
detected.

The study was conducted to also better understand the
frequency of mild forms, which may not necessarily lead to a
visit to the dermatologist’s office because the eliciting stimulus
can be easily avoided and to understand whether the recently
detected ADGRE2 mutation causing familiar vibratory
angioedema was also relevant for nonfamilial forms.

With an overall prevalence of more than 14.4% in the group of
young adults tested in this study, it is clear that vibratory
angioedema/pruritus is an underdiagnosed entity.

Like in other subtypes of inducible urticaria, for example,
cholinergic urticaria, different forms of severity appear to
occur.6,7

Although in some patients only pruritus and mild erythema
occurred, in others wheals and/or angioedema are signs of a more
pronounced mast cell degranulation, and vibratory urticaria can
have a high impact on quality of life in general and be an
impairment in work.

For diagnosis, patient history is of highest importance. In all
subjects claiming to have symptoms in the questionnaire,� 2018 American Academy of Allergy, Asthma & Immunology
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II. Methods 

A. Clinical study design 

Written informed consent was obtained from all parents as well as from all children 12 years and 

older. The OPAS study was approved by the Regional Ethical Committee for South-East Norway 

(2010/2362), and registered by the Norwegian Biobank register (reference number 2010/2362a). 

 

Details of the investigations have been previously reportedE1 but briefly outlined in here. Study 

investigations included parental structured interviews, clinical examination, SPT, blood sampling 

for s-IgE to peanut and other common inhalant and food allergens, CAPT, and lung function tests 

during the first visit. Children with possible peanut allergy had subsequently a two-day 

randomized peanut double-blind placebo-controlled food challenge (DBPCFC). Controls, on the 

other hand, underwent an open peanut FC included in their one-day evaluation. The FCs were 

performed double-blinded using the recipe developed by van Odijk et al.,E2 starting with 3 mg 

peanut and increasing the dose to 10 mg, 30 mg, 100 mg, 300 mg, 1 g, and 5 g of peanuts in 

chocolate balls. The placebo doses were the same amount of chocolate balls without peanut. The 

open peanut FC consisted of one dose of 8 peanuts. 

 

Sera drawn on the first investigative day were analyzed for total IgE, s-IgE to peanut and birch, 

and s-IgE to peanut and birch allergen components using the UniCAP fluoroenzyme 

immunoassay (FEIA) according to the manufacturer’s instructions (Thermo Fisher, Uppsala, 

Sweden) and reported quantitatively in kU/l. The lower detection level was 0.10 kU/l, and a 

positive result was defined as ≥0.35 kU/l.  
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The SPTs were performed according to European standardsE3 with Soluprick® allergens (ALK 

Abello, Denmark) for all tested allergens. A positive SPT result was defined as a wheal with a 

diameter (i.e., mean of longest and the midpoint orthogonal diameter) ≥3 mm larger than the 

negative control. Histamine dihydrochloride in dose of 10 mg/mL (ALK Abello, Denmark) 

served as positive control and NaCl 0.9% as negative control. 

 

The peanut conjunctival allergen provocation test has been described in detail elsewhereE1 but is 

briefly summarized here for completeness. The provocation test was performed double-blinded 

with commercially available peanut extract from GREER® (Greer Laboratories, Lenoir, DC) in 

NaCl 0.9% without preservatives. Prior to each test, the solution was prepared into vials 

containing NaCl 0.9 % (placebo) and peanut concentrations of 1:80, 1:40, 1:20, 1:10, and 1:1. 

One test drop was randomly assigned to either right or left lower conjunctival pouch at every test 

step, with 30 minutes between each step. The test was considered positive in case of two or more 

signs of redness, itching, chemosis, and tearing observed within 30 minutes.   

 

A positive peanut FC was defined as occurrence of any of the following objective symptoms: 

rhinitis, conjunctivitis, upper or lower airway obstruction, cough, dyspnea, urticaria, angioedema, 

stomach cramping, vomiting, diarrhea, or hypotension. Clinical peanut allergy was defined as 

having a positive peanut FC. Anaphylaxis was defined according to the position paperE3 from the 

European Academy of Allergy and Clinical Immunology (EAACI).   

 

B. Model overview 

The model framework was designed relying on the common clinical practice, aiming at primary 

healthcare and subsequently at specialist care in line with Norwegian national reimbursement 
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policies, and on a literature search. While most health economic evaluations assess a single health 

technology, we aimed to simultaneously evaluate and compare three different sequences of 

diagnostic tests, incorporating the two introduced health technologies, i.e., CRD and CAPT, into 

the currently established diagnostic algorithm in Norway.  

 

The mathematical model, developed in Microsoft Excel 2013, comprised a decision tree and a 

Markov model. The model’s design and its assumptions were decided upon based on the national 

and international guidelines for performing model-based economic evaluations.E4-7   

The decision tree was built using data from the OPAS study. Patients distributed by the decision 

tree proceeded to one of the Markov model’s health states (see Fig E1). The Markov model 

helped analyzing the long-term outcomes of the diagnostic algorithms and included four main 

health states, i.e., Allergy True Positives, Allergy False Positives, No Allergy True Negatives, 

and No Allergy False Negatives. The analyzed cohort either remained in one of the main health 

states or transitioned to one of the temporary health states included in the model. Three health 

states, i.e., Allergy False Positives, No Allergy True Negatives, and Death, were “absorbing,” 

meaning that once an individual moved into one of these states, there was no possibility of 

transiting to another state. The rest of the health states were so-called temporary states allowing 

patients to remain there only for one cycle. The model’s temporary states included experiencing 

minor or major allergic reactions and undergoing diagnostics again. The model also distinguished 

newly diagnosed Allergy True Positives and Allergy False Positives by using temporary states in 

order to capture the costs occurring directly after making the diagnosis. Table E1 outlines the 

selected assumptions of the model.  
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Our literature search retrieved few sources of occurrence estimates of minor and major allergic 

reactions, needed for the calculation of the transition probabilities. Gupta et al.E8 estimated a 

0.012% probability of major allergic reactions based on children’s hospital admissions caused by 

allergic reactions. Fajt and GreenE9 provided a 14.00% proportion estimate of individuals 

diagnosed with allergy who experience allergic reactions due to being insufficiently cautious 

when exposed to the allergen. The provided estimate concerned diagnosed individuals, and we 

expected persons without the diagnosis to be less cautious. Yet, we employed this probability for 

all allergic individuals regardless of whether they were diagnosed or not. This conservative 

assumption was made because of the lack of published sources supporting our anticipation. We 

performed several scenario analyses applying increased and decreased values of this parameter to 

account for the uncertainty. The model also incorporated a 0.00012% probability of fatal 

reactions taken from HourihaneE10 and mortality in the general Norwegian population from 

Statistics Norway.E11 Importantly, most of these sources were previously utilized in the health 

economic analysis of peanut allergy diagnostics conducted in the National Institute for Health 

and Care Excellence (GB) and Centre for Clinical PracticeE12 clinical guideline. 

 

Our model assumed that each misdiagnosed patient in the health state No Allergy False 

Negatives who experienced a severe allergic reaction underwent diagnostic algorithm again. 

However, this assumption was considered as not applicable for persons experiencing a minor 

reaction. We expected only some of the false-negative individuals experiencing a minor reaction 

to be referred to diagnostics. To our knowledge, there is no published data on the proportion of 

these individuals being examined again. The expert board concluded that a conservative 

assumption of 20% should be taken in the base-case analysis. To address the uncertainty in this 

estimate, we performed scenario analyses assuming the value of 0%, 50%, and 100%. 
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The expert board estimated that DBPCFC and open peanut FC were performed in approx. 10% 

and 90% of patients referred to FC, respectively. Occurrences of anaphylaxis and severe reactions 

among patients referred to a FC were approximated to 1% and 5%, respectively. These estimates 

were used further to approximate the proportion of anaphylaxis cases among the misdiagnosed 

individuals in the health state No Allergy False Negatives experiencing severe reactions.  

 

C. Costs 

The expert board discussed and specified the components of the diagnostic tests considered in the 

model and associated resource use. Where possible, the unit costs of components were assembled 

from the OPAS study. Similarly, we identified the breakdown of costs related to the health states 

based on the opinion of the expert board and the literature search. The breakdown of costs, which 

primarily comprised the cost of drugs, medical consumer goods, and required personnel, was 

estimated using unit costs taken from the Norwegian cost sources in 2017. All costs were 

collected in Norwegian Krone (NOK) 2017 and converted to US Dollars ($) using the rate 

$1=NOK8.2630.E13 Unit costs retrieved from earlier years were inflated to 2017 by using 

Norwegian Consumer Price Index. The detailed breakdown of costs is provided in the online 

supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c.E14 

 

Although the decision-analytic model took into account both direct and indirect costs, we, in line 

with Norwegian recommendations,E15-17 chose the extended health care perspective including 

travel costs.E17 The main costs utilized in the analysis are summarized in Table E1.E14  

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c
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D. Outcomes 

The estimates provided by Protudjer et al.E18 for presence and absence of food allergy, and by 

Peterson et al.E19 for utility decrements due to allergic reactions, were assessed as the most 

appropriate sources for the present analysis. The estimates provided by Voordouw et al.,E20 

Mittmann et al.,E21 Armstrong et al.,E22 and National Institute for Health and Care Excellence 

(GB) and Centre for Clinical PracticeE12 were also incorporated in the model and used in scenario 

analyses. Details on the model assumptions regarding the utility weights are available in the 

online supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c.E14 

 

E. Other model parameters 

The prevalence of peanut allergy in the population undergoing diagnostic procedures can have a 

significant impact on the results of the decision-analytic model. The patient population 

considered in the analysis included individuals with suspected peanut allergy, and the base-case 

prevalence of 65% was taken from the OPAS study.  

 

The decision-analytic model employed a cycle length of three months and a time horizon of 10 

years to capture all the costs and benefits resulting from the investigated diagnostic algorithms. In 

line with Norwegian recommendations,E15 the base-case analysis applied an annual discount rate 

of 4% for the costs and outcomes. We performed several scenario analyses on these assumptions 

(see Table E3). 

 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c
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F. Analyses 

The principal result of our model-based economic evaluation was an ICER, estimating the 

incremental costs needed to obtain an additional QALY when compared with the next more 

costly alternative. The decision-analytic model examined results for costs and QALYs associated 

with each particular diagnostic strategy, used in calculation of ICERs.  

 

The analysis helped in estimating deterministic and probabilistic results for incremental costs, 

incremental QALYs and ICERs. We performed probabilistic sensitivity analyses, one-way 

sensitivity analyses and a number of scenario analyses to address and examine uncertainty in the 

decision-analytic model, in line with the literature.E5,E23,E24 To handle the uncertainty in the 

analysis, probabilistic sensitivity analyses were conducted using 5,000 iterations, by assigning 

probability distributions to all of the relevant parameters of the analysis. We chose the 

appropriate distributions based on the recommendations in the literature.E5 The main parameters 

and their distributions are outlined in Table E1 (more detailed information can be found in the 

online supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610cE14). The main 

probabilistic results are presented graphically as cost-effectiveness acceptability curves and a 

cost-effectiveness acceptability frontierE23,E25 evaluating the three diagnostic algorithms at once.  

At a range of willingness-to-pay thresholds, the cost-effectiveness acceptability curves presented 

the probability of each diagnostic strategy to have the greatest net monetary benefit and the cost-

effectiveness acceptability frontier indicated the probability that the strategy providing the 

greatest net monetary benefit was cost-effective, determining the optimal strategy.  

 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c
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We investigated the extent to which the uncertainty in individual parameters affected the 

deterministic ICERs by conducting a one-way sensitivity analysis. The one-way sensitivity 

analysis varied substantially (+/- 30%) the base-case value of the parameters to examine their 

impact on the ICER. We also performed a number of scenario analyses by changing several 

distinct values. Finally, we conducted deterministic and probabilistic analyses investigating ICER 

results for different prevalence levels in the tested population.  
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III. Results 

The results of the OPAS study have been reported previously.E1 Briefly, the 94 children (58.5% 

boys) with suspected peanut allergy were slightly younger than the controls (32.1% boys; mean 

age [min, max] of 9.9 [4.9 – 18.6] versus 10.5 [5.6 – 14.9] years, respectively). The FC was 

positive in 86% of the children with suspected peanut allergy and in none of the controls. The 

CAPT was positive in 98% of the suspected peanut allergic children as well as in 1 (4%) control 

child, who was allergic to birch pollen. None of the children with a negative CAPT had a positive 

FC. A positive SPT for peanut was observed in 94.1% of the patients and in 1 control child. 

 

Of the three algorithms, the results of the decision-analytic model identified the diagnostic 

algorithm DA-II, incorporating CRD and CAPT, as the most cost-effective diagnostic strategy in 

Norway. The analysis provided a deterministic ICER for DA-II of $316.04, which is considerably 

lower than the lowest willingness-to-pay threshold per QALY proposed in Norway ($33,800E26). 

The model indicated that Current-DA was strongly dominated giving its higher costs and lower 

effects. Because choosing DA-II rather than DA-I led to higher benefits at slightly higher 

resource use, the results projected DA-II to be the most cost-effective diagnostic algorithm.  

 

The probabilistic results, in line with the deterministic results, predicted DA-II to represent the 

most cost-effective diagnostic strategy with a low ICER of $353.75 (see Table I). Table E2 

presents the detailed probabilistic results for costs and QALYs. 

 

The cost-effectiveness acceptability curves and frontier predicted that at a willingness-to-pay 

threshold below $1,000, DA-I would be deemed as the optimal strategy (see Fig E2). When the 
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willingness to pay exceeded $1,000, irrespectively of its level, DA-II would represent the most 

cost-effective diagnostic strategy because of its continuously highest net monetary benefit as well 

as highest probability of cost-effectiveness. After accounting for the uncertainty, the results 

concurred that Current-DA was not a cost-effective strategy. Despite the minor differences 

between DA-I and DA-II, the probabilistic sensitivity analyses, conducted with 5,000 iterations, 

predicted DA-II to be the most cost-effective diagnostic strategy, taking as the basis the lowest 

indicated willingness-to-pay threshold in Norway. 

 

The degree of cost-effectiveness of the interventions improved with increasing peanut allergy 

prevalence in the tested population. Provided a minimum peanut allergy prevalence of 5%, the 

prevalence analysis for DA-II compared with DA-I predicted the former to represent a favorable 

cost-effective strategy regardless of the prevalence level (see Fig E4). However, low prevalence 

in the tested population resulted in a higher ICER that was closer to the lowest willingness-to-pay 

threshold proposed in Norway. None of the scenario analyses resulted in an ICER above this 

willingness-to-pay threshold. Results of the prevalence analyses, scenario analyses, and one-way 

sensitivity analysis are presented in Fig E4, Table E3 and Fig E5, respectively. The detailed 

results are available in the online supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c.E14 

 

As the clinical benefit of CAPT in diagnosis of peanut allergy requires further assessment, we 

conducted a secondary analysis comparing DA-I with Current-DA. The results, both probabilistic 

and deterministic, indicated that DA-I was associated with higher QALYs at lower resource use, 

dominating Current-DA. The cost-effectiveness acceptability curve for this comparison presented 

an approximately 90% probability of DA-I representing the cost-effective diagnostic strategy 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c
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compared with Current-DA (see Fig E6).  The probabilistic prevalence analyses for DA-I vs. 

Current-DA are presented in Fig E7. 

 

Our analysis has several limitations. The development of a decision-analytic model involved a 

great number of parameters and assumptions, generating some degree of uncertainty. The 

literature regarding some of the parameters needed for our model was scarce. We estimated the 

values of these parameters based on clinicians’ opinions that were expressed during the expert 

board meetings. Although this source provided the best available knowledge and reflected 

Norwegian practice, it could generate uncertainty in the analysis. To address the uncertainty in 

the estimates, we conducted several scenario analyses, in addition to varying the parameters’ 

values in the probabilistic sensitivity analyses. No significant divergence from the base-case 

results was observed, indicating that the results provided by the decision-analytic model were 

insensitive to the assumptions. Another potential limitation of the present study was linked to the 

utility values incorporated in the analysis. We were unable to identify studies reporting health-

related quality of life associated with peanut allergy that could be utilized in an economic 

evaluation (i.e., transformable to QALY). A few studies that were conducted within this area 

concern health-related quality of life for food allergy in general. For the purpose of our analysis, 

we used a recent study investigating the utility values in the Swedish child population provided 

by Protudjer et al.E18 focusing on allergies to milk, egg, and/or wheat. Importantly, 42.4% of the 

children were also allergic to peanuts, supporting the applicability to the present study. Data on 

utility decrements due to allergic reactions were also scarce. As the base case, we chose the 

estimates provided by Peterson et al.E19 on utility decrements due to allergic reactions induced by 

drugs, varying in severity. We dealt with the potential uncertainty generated by these assumptions 

by performing probabilistic sensitivity analyses. We further addressed this weakness by 
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conducting scenario analyses using other sources for these parameters. The obtained results were 

consistent with the base-case results. Lastly, we built the decision-analytic model upon a clinical 

study that included children highly suspected with peanut allergy. While this patient population 

was assessed as the most relevant, we conducted additional analyses varying the prevalence in the 

tested population. Still, the type of clinical data utilized in the analysis should be considered 

when interpreting the results.   
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Table E1. Selected model inputs used in the base-case analysis 

General Base Case 95% PI Distribution Source 

Discount rate* 0.04 0.03 - 0.05 Beta E15 

Probability of minor reaction† 0.037 0.030 - 0.044 Beta E9 

Probability of severe reaction† 0.0000295 2.37E-05 - 3.53E-05 Beta E8 

Probability of fatal reaction† 0.0000003 2.41E-07 - 3.59E-07 Beta E10 

Utilities Base Case 95% PI Distribution Source 

Allergy 0.84 0.68 - 1.00 Beta E18 

No Allergy 0.94 0.76 - 1.00 Beta E18 

Utility decrement: Minor reaction†‡ 0.0027 0.0021 - 0.0032 Gamma E19 

Utility decrement: Severe reaction† 0.0144 0.0116 - 0.0171 Gamma E19 

Utility decrement: Anaphylaxis† 0.1122 0.0903 - 0.1342 Gamma E19 

Duration: Minor reaction§ 1.5 1.2 - 1.8 Gamma E19 

Duration: Severe reaction§ 3.8 3.1 - 4.6 Gamma E19 

Duration: Anaphylaxis§ 10.2 8.2 - 12.3 Gamma E19 

Accumulated costs of health states|| Base Case 95% PI Distribution Source 

Allergy TP and FP† $59.37 $47.73 - $71.01 Gamma CBD 

Newly Diagnosed ATP and AFP† $157.50 $126.63 - $188.37 Gamma CBD 

Minor Reaction: ATP¶ $110.39 $88.75 - $132.03 Gamma CBD 

Minor Reaction: NAFN $51.02 $41.02 - $61.02 Gamma CBD 

Major Reaction: Severe reaction ATP¶# $1,116.13 $897.37  - $1,334.89 Gamma CBD 

Major Reaction: Severe reaction NAFN# $1,056.77 $849.64 - $1,263.90 Gamma CBD 

Major Reaction: Anaphylaxis ATP¶** $2,181.33 $1,753.80 - $2,608.87 Gamma CBD 

Major Reaction: Anaphylaxis NAFN** $2,105.83 $1,693.09 - $2,518.57 Gamma CBD 
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Accumulated costs of diagnostic 

algorithms|| 

Base Case 95% PI Distribution Source 

DA-I: Positives $190.78 $153.39 - $228.17 Dirichlet†† DT/CBD 

DA-I: Negatives $133.44 $107.29 - $159.59 Dirichlet†† DT/CBD 

DA-I: Total $324.22 $260.67 - $387.77 Dirichlet†† DT/CBD 

DA-II: Positives $201.10 $161.68 - $240.52 Dirichlet†† DT/CBD 

DA-II: Negatives $179.43 $144.26 - $214.60 Dirichlet†† DT/CBD 

DA-II: Total $380.53 $305.95 - $455.11 Dirichlet†† DT/CBD 

Current-DA: Positives $220.38 $177.19 - $263.57 Dirichlet†† DT/CBD 

Current-DA: Negatives $150.89 $121.32 - $180.46 Dirichlet†† DT/CBD 

Current-DA: Total $371.27 $298.50 - $444.04 Dirichlet†† DT/CBD 

Costs of diagnostic procedures Base Case 95% PI Distribution Source 

Specific IgE to peanuts     

Peanut specific IgE test $38.37 $30.84 - $45.90 Gamma CBD 

Additional cost if NR $11.14 $8.96 - $13.32 Gamma CBD 

Additional cost if PR $22.28 $17.91 - $26.65 Gamma CBD 

Specific IgE to allergen components     

Specific IgE to one allergen component $6.05 $4.85 - $7.25 Gamma CBD 

Additional cost if NR $11.14 $8.96 - $13.32 Gamma CBD 

Additional cost if PR $22.28 $17.91 - $26.65 Gamma CBD 

Skin prick test     

SPT $82.89 $66.64 - $99.14 Gamma CBD 

Additional cost if NR $11.14 $8.96 - $13.32 Gamma CBD 

Additional cost if PR $22.28 $17.91 - $26.65 Gamma CBD 

Conjunctival provocation test     
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Total cost of CAPT $202.34 $162.69 - $241.99 Gamma CBD 

Oral food challenge     

DBFC - cost of test performance $658.31 $529.28 - $787.34 Gamma CBD 

OFC - cost of test performance $358.81 $288.49 - $429.13 Gamma CBD 

Additional cost to FC if no severe 

reactions 

$24.98 $20.08 - $29.88 Gamma CBD 

Additional cost to FC if severe reaction† $383.17 $308.06 - $458.28 Gamma CBD 

AFP, Allergy False Positives; ATP, Allergy True Positives; DBFC, double-blind food challenge; CAPT, peanut 

conjunctival allergen provocation test; CBD, cost breakdown; CRD, component-resolved allergen diagnosis, 

Current-DA, current diagnostic algorithm; DA-I, diagnostic strategy incorporating CRD into the current algorithm; 

DA-II, diagnostic strategy incorporating CRD and CAPT into the current algorithm; DT, decision tree; FC, oral food 

challenge; FP, false positives; NAFN, No Allergy False Negatives; Negatives, true and false negatives; NR, negative 

test result; OFC, open food challenge; PI, prediction interval; Positives, true and false positives; PR, positive test 

result; SPT, skin prick test; TP, true positives.  

*The discount rates for costs and utilities were varied separately.  

†Unit per three months. 

‡Utility decrement due to a minor reaction was utilized only for false negatives. For diagnosed patients (i.e., true 

positives), this decrement was assumed to be captured in the allergy utilities.  

§Unit in days. 

||Detailed breakdown of costs is provided in the online supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c. 

¶Including the 3-month costs of having food allergy.   

#Severe reaction not requiring inpatient hospitalization. 

**Severe reaction requiring inpatient hospitalization. 

††The total costs of diagnostic tests were obtained from DT and therefore varied using the Dirichlet distribution. All 

unit costs were assigned the Gamma distribution.    

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c
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Table E2. Detailed probabilistic cost-effectiveness results 

Probabilistic results 

Diagnosed with Allergy* No Allergy† 

Costs 

(95% PPCrI) 

QALYs 

(95% PPCrI) 

Costs 

(95% PPCrI) 

QALYs 

(95% PPCrI) 

DA-I 
$1,219.33 

($908.43 – $1,470.58) 

3.76 

(2.48 – 4.53) 

$157.61 

($123.02 – $187.15) 

3.53 

(1.92 – 4.22) 

DA-II 
$1,187.90 

($855.94 – $1,446.90) 

3.58 

(2.27 – 4.36) 

$197.05 

($152.03 – $236.42) 

3.73 

(2.05 – 4.49) 

Current-DA 
$1,434.10 

($1,144.32 – $1,681.80) 

4.34 

(2.88 – 5.04) 

$138.04 

($109.54 – $164.41) 

2.88 

(1.58 – 3.32) 

Current-DA, diagnostic algorithm currently used in clinical practice; DA-I, diagnostic strategy incorporating specific 

IgE to allergen components into the currently used algorithm; DA-II, diagnostic strategy incorporating specific IgE to 

allergen components and peanut conjunctival allergen provocation test into the currently used algorithm; PPCrI, 

posterior-predicted credible interval; QALY, quality-adjusted life-year . 

*Diagnosed with Allergy includes true positives and false positives.  

†No Allergy includes true negatives and false negatives.  
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Table E3. Scenario analyses for DA-II vs. DA-I in the time horizon of 10 years 

 Scenario analysis ICER 

1 Deterministic base–case result $316.04 

2 SPT included in DA-I and DA-II -$661.18* 

3 Societal perspective† $4,831.94 

4 SPT included in DA-I and DA-II and societal perspective† $1,559.02 

5 Percentage having anaphylaxis under FC based on van der Valk et al.E27 -$3,265.69* 

6 Proportion having different types of FC: 50% DBFC 50% OFC -$371.77* 

7 Proportion having different types of FC: 90% DBFC 10% OFC -$1,059.58* 

8 Proportion of FN with minor reaction undergoing diagnostics again: 50% $442.70 

9 Proportion of FN with minor reaction undergoing diagnostics again: 0% $199.99 

10 Proportion of FN with minor reaction undergoing diagnostics again: 100% $568.71 

11 Probability of minor reactions (ALL‡) per year: Doubled (28%) $395.17 

12 Probability of minor reactions (ALL‡) per year: None (0%) $199.31 

13 

Probability of minor reactions:  

Difference between HS Allergy and No Allergy 50% 

$390.36 

14 

Probability of minor reactions:  

Difference between HS Allergy and No Allergy 100% 

$454.48 

15 Probability of severe reactions per year: Doubled (0.024%) $316.32 

16 Probability of severe reactions per year: None (0%) $315.77 

17 Probability of severe reactions per year: Alike minor reactions (14%) -$55.99* 

18 Utility weights based on Voordouw et al.E20 $376.48 

19 Utility weights based on Mittmann et al.E21 $794.00 

20 Utility decrement based on Armstrong et al.E22 $315.01 
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Utility decrement based on National Institute for Health and Care Excellence (GB) 

and Centre for Clinical PracticeE12 

$315.01 

DBFC, double-blind food challenge; FC, oral food challenge; FN, false negatives; HS, health states; ICER, 

incremental cost-effectiveness ratio; OFC, open food challenge; SPT, skin prick test. 

*Details on societal perspective are provided in the online supplementary materials at 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c. 

†Changing the estimate provided by Gupta et al.,E8 which considered all individuals with peanut allergy without 

distinguishing between diagnosed and misdiagnosed patients.  

‡DA-II led to higher QALYs and lower costs and thus dominated DA-I. 

 

 

 

https://osf.io/grp3d/?view_only=9eb9ff5f31aa41438b8d96b2c2a2610c


 

Fig E1. Markov transition-state model. Diagram of the health states and transitions in the Markov model used to 

analyze the long-term health and cost consequences of the three diagnostic strategies, that is, Current-DA, DA-I, and 

DA-II. Current-DA, diagnostic algorithm currently used in clinical practice; DA-I, diagnostic strategy incorporating 

specific IgE to allergen components into the currently used algorithm; DA-II, diagnostic strategy incorporating 

specific IgE to allergen components and peanut conjunctival allergen provocation test into the currently used 

algorithm; FP, false positives; TP, true positives. 

 

 

 



 

Fig E2. Cost-effectiveness acceptability curves and cost-effectiveness acceptability frontier. The cost-effectiveness 

acceptability curves report the probability of each of the three diagnostic strategies (i.e., Current-DA, DA-I, and 

DA-II) to provide the greatest net monetary benefit at different willingness-to-pay thresholds. The cost-effectiveness 

acceptability frontier (CEAF) presents the probability that the strategy providing the highest net monetary benefit is 

cost-effective at each willingness-to-pay threshold. CEAF, cost-effectiveness acceptability frontier; Current-DA, 

diagnostic algorithm currently used in clinical practice; DA-I, diagnostic strategy incorporating specific IgE to 

allergen components into the currently used algorithm; DA-II, diagnostic strategy incorporating specific IgE to 

allergen components and peanut conjunctival allergen provocation test into the currently used algorithm; QALY, 

quality-adjusted life-year.  

 

 

 

 



 

Fig E3. Probabilistic cost-effectiveness plane identifying cost-effective diagnostic strategies. The plane presents the 

average of the probabilistic sensitivity analysis results for each diagnostic strategy. Total costs and total QALYs of 

Current-DA, DA-I, and DA-II diagnostic strategies. The line segment represents the cost-effectiveness frontier 

indicating the diagnostic strategies associated with the lowest costs per QALY. The diagnostic strategies DA-I and 

DA-II are located on the frontier. The diagnostic strategy Current-DA, represented by the triangle, is located outside 

the frontier and indicates that this strategy leads to lower health effects at higher costs. Current-DA, diagnostic 

algorithm currently used in clinical practice; DA-I, diagnostic strategy incorporating specific IgE to allergen 

components into the currently used algorithm; DA-II, diagnostic strategy incorporating specific IgE to allergen 

components and peanut conjunctival allergen provocation test into the currently used algorithm; QALY, quality-

adjusted life-year. 
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Fig E4.  Probabilistic prevalence analyses for DA-II vs. DA-I. Incremental costs and incremental QALYs associated 

with DA-II compared with DA-I at different prevalence levels of peanut allergy in the tested population. The ICER 

results present the incremental costs needed to obtain an additional QALY. DA-I, diagnostic strategy incorporating 

specific IgE to allergen components into the currently used algorithm; DA-II, diagnostic strategy incorporating 

specific IgE to allergen components and peanut conjunctival allergen provocation test into the currently used 

algorithm; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 

 

 

 



 

Fig E5. Tornado diagram presenting the results of one-way sensitivity analysis (change +/- 30%). Diagram presents the change in the base-case ICER of DA-II compared with 

DA-I when varying (+/- 30%) the base-case value of each model parameter, changing one parameter at a time. CAPT, peanut conjunctival allergen provocation test; DA-I, 

diagnostic strategy incorporating specific IgE to allergen components into the currently used algorithm; DA-II, diagnostic strategy incorporating specific IgE to allergen 

components and peanut conjunctival allergen provocation test into the currently used algorithm; DBFC, double-blind food challenge; Dominant, DA-II leads to higher QALYs and 

lower costs dominating the diagnostic strategy DA-I; FC, oral food challenge; FN, false negatives; ICER, incremental cost-effectiveness ratio; OFC, open food challenge; TP, true 

positives. 

 



 

 

 

Fig E6. Secondary analysis: Cost-effectiveness acceptability curve for DA-I vs. Current-DA. The cost-effectiveness 

acceptability curve presents the probability of DA-I, when compared with Current-DA, to provide the greatest net 

monetary benefit at a range of willingness-to-pay thresholds. Current-DA, diagnostic algorithm currently used in 

clinical practice; DA-I, diagnostic strategy incorporating specific IgE to allergen components into the currently used 

algorithm; QALY, quality-adjusted life-year. 

 

 

 



 

 

 

Fig E7. Secondary analysis: Probabilistic prevalence analyses for DA-I vs. Current-DA. Incremental costs and 

incremental QALYs associated with DA-I compared with Current-DA at different prevalence levels of peanut 

allergy in the tested population. The ICER results present the incremental costs needed to obtain an additional 

QALY. Current-DA, diagnostic algorithm currently used in clinical practice; DA-I, diagnostic strategy incorporating 

specific IgE to allergen components into the currently used algorithm; ICER, incremental cost-effectiveness ratio; 

QALY, quality-adjusted life-year. 
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