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ABSTRACT

Background: The purpose of this study was to compare the cost-effectiveness of modified quantitative testing (MQT), intradermal
dilutional testing (IDT), and in vitro allergy testing as diagnostic methods used in the management of patients with suspected IgE-mediated

inhalant allergies.

Methods: A systematic review was conducted to determine key statistics for analysis, such as prevalence of disease, and sensitivity and
specificity of each diagnostic modality. Costs were calculated based on charges from distribution companies to providers. A deterministic
cost-effectiveness analysis then was conducted using a decision tree model to evaluate the various diagnostic strategies. After identifying
results at baseline, we performed a sensitivity and threshold analysis to assess the strength of recommendations.

Results: At an allergic rhinitis prevalence of 20%, MQT dominated IDT and in vitro testing, with 85 people correctly diagnosed at a
baseline total cost of $6630 for the 100 patients tested. Although in vitro testing had the highest effectiveness, it had an incremental
cost-effectiveness ratio of $3185. The results were sensitive to changes in the prevalence, costs, and sensitivities and specificities of the different

modalities.

Conclusion: The prevalence of allergic rhinitis is high and rising according to many studies, leading to a growing population of patients
requiring allergy testing. Not only does today’s medical community want effective health interventions, but also there is pressure to make
health care cost efficient. This study looks at the cost-effectiveness of various diagnostic allergy tests. In our model, we found MQT to be the

most cost-effective method of diagnosing allergic disease.

(Am ] Rhinol 22, 246-252, 2008; doi: 10.2500/ajr.2008.22.3163)
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In a cross-sectional analysis of 1500 eighth graders, Mortz et

al. estimated the lifetime prevalence of inhalant allergy at
17.7%.1 Others have estimated the lifetime prevalence to be
between 24 and 28%. Allergic diseases are some of the most
common medical problems encountered in outpatient set-
tings. The management of rhinitis accounts for nearly 3% of
all physician visits, with the incidence of allergies in many
otolaryngology practices around 50%. In addition to the visits
and complications that allergic rhinitis has by itself, there are
many conditions complicated by allergic rhinitis.>5 If un-
treated or undertreated, the number of doctor visits and re-
lated costs, as well as decreased quality of life, diminished job
performance, and missed work or school, can lead to a sub-
stantial economic burden. In 1996, a total direct cost of $5.9
billion for allergic rhinitis was reported.® In 1998 it was esti-
mated that the days lost from work and decreased productiv-
ity cost US businesses >$250 million.”

Because of the significant economic impact of allergic rhi-
nitis, it is important that it is diagnosed and treated correctly.
The American Academy of Allergy, Asthma, and Immunol-
ogy defines allergy as “an acquired potential to develop im-
munologically mediated adverse reactions to normally innoc-
uous substances upon re-exposure to the sensitizing allergen
(including IgE antibody responses to allergens), causing the
release of inflammatory mediators.”® Recognition of allergy
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patients requires an adequate history and physical examina-
tion.” The diagnosis of allergic rhinitis actually requires three
factors: (1) positive history, (2) demonstration of IgE-medi-
ated potential to inhalant allergens by in vitro or in vivo
testing, and (3) correlation between testing and history.1011

There are several types of tests available to identify specific
allergies for effective immunotherapy. These are generally
broken into two major categories: in vitro and in vivo testing.
In vivo tests consist of skin-testing techniques. The options
include scratch testing, skin-prick testing (SPT), and intrader-
mal testing (IDT). In SPT, an assay of allergens is applied to
the skin through a scratch or prick technique. There is a
positive (histamine) and a negative (saline) control. A wheal 3
mm greater in diameter than the negative control reaction
reflects the presence of mast cell-bound IgE specific to the
tested allergen. IDT is more sensitive because the tested aller-
gen is more diluted, but they have a lower specificity. IDT is
performed by injecting 0.02 mL of a dilute allergen solution
into the dermis. As with epicutaneous testing, the skin is
observed for a wheal and flare reaction.!'-13

In vitro allergy testing, historically referred to as radioaller-
gosorbent testing, measures the concentration of allergen-
specific IgE in the patient’s serum. This test involves adding
the patient’s serum to a solid phase (usually a disk) coated
with the allergen to be tested. Antibodies in the patient’s
serum specific for the allergen will bind to the solid phase.
Although in vitro allergy testing results generally correlate
with allergic sensitivity, it is more likely than skin testing to
produce false negatives. As such, the sensitivity of in vitro
testing is lower than that of skin testing.!'.12

Because insurance companies may or may not cover certain
diagnostic testing methodologies, may vary greatly the
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amount reimbursed, and may limit the type or number of
antigens tested, the decision was made to evaluate the eco-
nomic impact of three allergy testing methods. The evidence
of improved diagnostic advantage and resulting patient out-
come is necessary before deciding the most appropriate diag-
nostic strategy. The objective of this study is to compare the
cost-effectiveness, from the provider perspective, of allergy
testing in the diagnosis and management of allergic rhinitis
with the primary outcome measure being expected effective-
ness and the incremental cost per additional correct diagnosis.

MATERIALS AND METHODS

Decision Model

A decision tree was constructed to study the cost-effective-
ness of the three diagnostic strategies in 100 patients with
clinical signs and symptoms of allergic rhinitis (Fig. 1). We
examined this model to determine the short-term cost-effec-
tiveness of three commonly used strategies: (1) modified
quantitative testing (MQT), (2) IDT, and 3) in vitro allergy
testing compared with no diagnostic testing.

To design our decision tree, we had to make several as-
sumptions as listed in Table 1. It is also important to note that
we assumed that all patients were being tested for the pur-
pose of evaluation for immunotherapy. Therefore, we chose to
look at costs of MQT over SPT. Quantitative testing offers the
advantage of initiating immunotherapy with a higher antigen
concentration. Studies show that initiating immunotherapy
with a strong starting dose creates health care savings. There
also is a good agreement between an antigen testing positive
by SPT and the determination of a definable end point. Seshul
et al. quote a correlation of 93%.14 we will assume a correlation
of 100% for the purpose of the study (Table 1). In our sensi-
tivity analysis the maximum sensitivity and specificity of all
three diagnostic tests was assumed to approach 99%.

Data Sources

The values of the variables in the model, the range of
sensitivities and specificities, and the data sources are listed in
Table 2. Where available, we used the parameters set forth by
the American Academy of Allergy, Asthma, and Immunol-
ogy, as well as, the American Academy of Otolaryngic Al-

Totals
0.14
0.71 0.14|Immunotherapy| |
rue Positives | | |Correct Diagnosis| |
0.06
0.29 0.06No Treatment |
Disease False Negatives| | |Misdiagnosed | |
0.2
0.73
In Vitro 0.91 0.73|No Treatment |
rue Negatives | |Correct Diagnosis |
0.8 0.07|
No Disease 0.09 0.07llmmunotherapy I 1
False Positives | |Misdiannosed |
0.15
0.75 0.15|Immunotherapy |
rue Positives | |Correct Diagnosis |
0.05
0.25 0.05|No Treatment I
Disease False Negatives | |Misdiagnosed |
0.2
Patients with Allergy MQT
[Symptoms
0.8 0.88 0.7INo Treatment 0.7
No Disease [True Negatives | Correct Diagnosis |
0.12 0.1|Immunotherapy | 0.1
False Positives | |Misdiagnosed | 1
0.76 0.15|Immunotherapy | | OA15‘
rue Positives | |Correct Diagnosis
Disease 0.24 0.05No Treatment | | 0.0
0.2 False Negatives | |Misdiannosed
IDT
0.8 0.77 0.62|N0 Treatment 0.62
No Disease [True Negatives | |Correct Diagnosis
Figure 1. Decision tree evaluation of the diagnostic testing of inhalant allergies
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Table 1 Baseline case scenario assumptions for
decision tree

Construction

One hundred hypothetical patients with complaints
fitting AAAAI guidelines for the diagnosis of
allergic rhinitis without coexisting comorbidities or
on any medications that would affect testing
(Ref. 3)

One hundred percent agreement between an antigen
testing positive by SPT and the determination of a
definable end point

Serum for in vitro tests were sent to off-site laboratory

All tests performed according to current standard
guidelines (Ref. 20)

One hundred percent patient compliance

The maximum sensitivity and specificity for
diagnostic allergy tests approaches 99%

AAAAI = American Academy of Allergy, Asthma, and
Immunology, Ref. 32.

lergy to set the sensitivities and specificities of diagnostic tests
and utilities. Where the parameters were not clear, we used
the results of a meta-analysis. Fixed costs were compiled from
the major laboratories currently distributing testing supplies
throughout the United States.

Variable costs were calculated based on the socioeconomic
facts and figures published in the American Academy of
Otolaryngology—Head and Neck Surgery 8th Annual Sur-
vey.!5 Variable costs included physician labor costs to admin-
ister and grade the tests. Because venipuncture was not done
in a clinic and we assumed in vitro allergy tests were sent to an
outside laboratory, there were no variable costs calculated for
this test. Also, because we are looking at the provider, specif-
ically physician, costs, we did not include the time needed to
prepare the tests or the room.

Prevalence

The overall prevalence of allergic rhinitis in the United
States is estimated to be anywhere from 14 to 28% of the adult

population.>* To be consistent with most studies, we used a
baseline estimate of 20%.'°

Diagnostic Tests

Modified Quantitative Testing. We modeled a test in which
patients were tested for 14 allergens and 2 controls by using
the Multi-Test II (Antigen Laboratories, Inc., Liberty, MO).
Two devices would be used to administer tests. We assumed
our test was based on a standard procedure where a wheal 3
mm greater than our negative control was considered a pos-
itive test. To confirm our initial test and further quantify our
response and for the purpose of immunotherapy starting
doses, an intradermal test followed. If our initial response was
between 3 and 8 mm, we used.03 mL of a number 3 concen-
trate. If our initial response wheal was >8 mm, we used a
number 5 concentrate. Because of studies showing that posi-
tive intradermal responses after negative prick testing com-
monly occur, many test all negative pricks with a single IDT.
Because, even when clinically correlated, the significance of
these findings is uncertain, we did not test negative pricks and
assumed a 100% correlation.17-19

Intradermal Testing. We assumed standard testing?® where
there are a total of six vials of concentrate for each allergen.
We assumed we started with a 1:5 concentrate in vial 1. For
comparative purposes we tested a total of 14 allergens with 2
controls. As outlined in the current strategies for skin testing
by Krouse and Mabry,?° the classic method for intradermal
dilutional testing starts with a number 6 concentrate. In other
situations, such as during allergy season, when testing a brit-
tle patient, or when a less-experienced person is administer-
ing the test, one should also begin with a number 6 concen-
trate. In favoring the side of conservativism, we started our
testing with concentrate 6.20

In Vitro Testing. We assumed we were testing each patient
with the basic 15-allergen panel quoted in company product
information. Because we have no on-site laboratory for in vitro
testing, we modeled our test after our own clinical experience
where venipuncture is performed at an on-site laboratory and
serum is sent to a reference laboratory. Therefore, we in-
cluded the cost of venipuncture and transporting specimens.

Table 2 Parameters used in decision tree analysis*

Parameter Baseline Range Source
Value

Cost of MQT 66.30 33.15-132.60 N/A

Cost of IDT 112.00 56.00-224.00 N/A

Cost of IVT 130.00 65.00-260.00 N/A
Sensitivity of MQT 75 57-97 Refs. 18, 22, 23, 24, and 25
Specificity of MQT 88 70-96 Refs. 22, 23, 24, and 25
Sensitivity of IDT 76 60-81 Refs. 22 and 23
Specificity of IDT 77 32-84 Refs. 22 and 23
Sensitivity of IVT 71 50-90 Refs. 22 and 25
Specificity of IVT 91 85-98 Refs. 22 and 25

*Costs are in U.S. dollars. Other values are expressed in percentages.

IVT = in vitro testing.
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Table 3 Comparison of fixed costs

Table 4 Total cost difference between tests

Costs MQT IDT IVT
MQT IDT IVT Fixed costs 4.30 6.00 130.00
Variable costs 62.00 106.00
Treatment wells 0.03
. Total costs 66.30 112.00 130.00
Vial tray 0.04
Cost of extract 0.48 0.96
Controls* 0.28 .
. (see Table 3).2! Total cost for one round of MQT testing costs
Device costs 3.60 .
Oth 1i an estimated $4.30.
€r supples To perform IDT, the costs of the plastic vial tray, saline
SYﬂngeS 0.12 3.60 vials, and syringes were considered. According to our calcu-
Vials 0.07 112 lations, to make a testing tray for serial dilutions for 14 aller-
Panel 112.00 gens with concentration vials 6-1 and 2 controls cost a total of
Venipuncture 16.00 $159.02.13 Total fixed cost per test is estimated at $6.00,
Transportation 2.00 slightly less than the cost for MQT. We did not vary our
Total 4.30 6.00 130.00 calculations based on which concentration was used because

*Control costs were not calculated separately in MQT testing
since their average cost is the same as the extract cost.

Cost-Effectiveness Analysis
The incremental cost-effectiveness ratio (ICER) for the use
of MQT, IDT, and in vitro testing in the diagnosis of allergic
disease is
ICER = (CA — CB)/(EA — EB)

where C and E are the expected cost and effectiveness, respec-
tively, of testing strategies A and B. Thus, the ICER tells how
much in additional costs must be incurred to achieve one
additional correct diagnosis if the most effective test is used.
If the cost-effectiveness ratio is a negative number, it shows
that the study not only costs more, but also is less effective.

Sensitivity Analysis

In a one-way sensitivity analyses, we varied all probabili-
ties by varying one model variable at a time to determine
whether the results were sensitive to our estimated values for
the cost and sensitivities and specificities of MQT, IDT, and in
vitro testing. We also determined threshold values for the
prevalence of allergic rhinitis. Our ranges of variables can be
seen in Table 2.

RESULTS

Fixed costs were calculated according to the costs of mate-
rials from major allergy supply laboratories. For multitesting
purposes, the cost of extract for 16 skin tests, 2 multitest
devices, the multiwell, and the syringes were estimated also

of the fact that clinical facilities do not make only one con-
centrate at a time. When one vial is empty, a complete new
treatment tray must be made.

The cost of in vitro testing was calculated also, and, when
considering only fixed costs, was found to be the most expen-
sive test at $130 (Table 3). Variable costs were based on the
time it took physicians to administer and grade the MQT and
IDT. In our clinic, the average time to perform MQT is 35
minutes and IDT is 1 hour. Based on the Facts and Figures
from the 8th Annual Survey of Otolaryngologists published
by the American Academy of Otolaryngology, the variable
costs for performing MQT and IDT are $106 and $62, respec-
tively.!> Total costs are shown in Table 4.

Using the average sensitivity and specificity found in the
literature, the most effective test was the in vitro method with
the most total correct diagnosis: 87 compared with 77 for IDT
and 85 for MQT. Compared with MQT, however, the incre-
mental cost for the two additional correct diagnoses was
$6370, averaging $3185/additional correct diagnosis (Table 5).
IDT costs more and had the least number of patients correctly
diagnosed.

When performing our sensitivity analysis, we found results
to be sensitive to changes in the prevalence, cost, and sensi-
tivity and specificity (Table 6). At an increased cost of $130/
MQT test, the ICER for in vitro testing was reduced to $0,
meaning no additional charges per correct diagnosis. Simi-
larly, reducing the cost of RAST to $66.30/test also reduced
the ICER to $0. When the cost of IDT dropped below a
threshold value of $66.30, the cost per additional correct di-
agnosis obtained with MQT began to increase (Figs. 2—4).

Increasing the prevalence of disease decreased the number of
patients correctly diagnosed using each test. When the preva-
lence was increased to a threshold value of 45%, MQT surpassed

Table 5 Cost-effective analysis

Algorithm Correct Dx Total Additional Additional ICER($)
(E) Charges $ (C) Correct Dx Charges ($)

IDT 77 11,200 77 11,200 145.45

MQT 85 6630 8 —4570 —571.25

IvT 87 13,000 2 6370 3185
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Table 6 Sensitivity analysis

Assumption Base Min Max C/E (Base) C/E (Min) C/E (Max)
No gold standard
MQT
Sensitivity 0.75 0.57 0.99 $ 77.63 $ 81.05 $ 73.50
Specificity 0.88 0.70 0.99 $ 77.63 $ 93.38 $ 70.38
Cost 66.30 33.15 132.60 $ 77.63 $ 38.82 $155.27
Prevalence 20% 10% 100% $ 77.63 $ 76.47 $ 88.40
IDT
Sensitivity 0.76 0.60 0.99 $145.83 $152.17 $137.59
Specificity 0.77 0.32 0.99 $145.83 $274.50 $118.64
Cost 112.00 56.00 224.00 $145.83 $ 72.92 $291.67
Prevalence 20% 10% 100% $145.83 $145.64 $147.37
IVT
Sensitivity 0.71 0.50 0.99 $149.43 $157.60 $140.39
Specificity 0.91 0.85 0.99 $149.43 $158.15 $139.19
Cost 130.00 65.00 260.00 $149.43 $ 74.71 $298.85
Prevalence 20% 10% 100% $149.43 $146.07 $183.10

Min = minimum; Max = maximum.

in vitro testing as the most effective test. Similarly, at prevalence
>87%, IDT became the most effective test, with more patients
correctly diagnosed than either of the other tests (Fig. 5).

At a threshold sensitivity of 83% or specificity of 90%, MQT
became the most effective test. By separately decreasing the
sensitivities and specificities of in vitro testing to threshold
values of 63 and 89%, respectively, MQT surpassed in vitro
allergy testing as the most effective test. Varying the sensitiv-
ity of IDT did not change its relative effectiveness; however,
by increasing the specificity to =90%, IDT surpassed in vitro
testing in cost-effectiveness. Compared with MQT, at a
threshold specificity of 88%, IDT had similar effectiveness
with a higher cost per correct diagnosis.

DISCUSSION

In the last 20 years, increasing importance has been
placed on the use of economic evidence to support health
policies. Cost-effectiveness studies are an important part of
the economic evaluation process used to determine health
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Figure 2. Sensitivity analysis varying the cost of MQT.
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care guidelines.?223 Methods of allergy testing have even
been disputed by third party payers, with many refusing to
pay for IDT.'* This study looks at the efficiency, as well as
the cost-effectiveness of the three major types of allergy
testing with the primary outcome being the ICER. The
assumption is then made that the additional person will be
correctly diagnosed and treated for a substantial cost. Be-
cause of the discrepancy between charges and payments
from third party payers, we focused this study on provider
costs.

When performing our initial literature review, we found
IDT had the highest average sensitivity (76%) and in vitro
testing had the highest average specificity (91%). For each
test, however, there is a broad range of sensitivities and
specificities quoted in the literature. When using baseline
values, we found the MQT to be the most cost-effective
test.

Our sensitivity analysis shows that these results can not be
standardized to all laboratories. For clinics with baseline total
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Figure 3. Sensitivity analysis varying the cost of IDT.
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Figure 5. Sensitivity analysis varying the prevalence of disease.

costs for MQT >$130, in vitro testing may be a better choice.
In a laboratory showing a specificity of IDT >92%, this may
be the best test choice. Also, in a community showing an
extremely high prevalence, IDT becomes a more favorable
choice.

It is important to note that there is a wide range of sensi-
tivities and specificities listed in our sensitivity analysis.?4-26
Part of the reason for this is because of the fact that there is
“no gold standard in allergy testing.” The use of patient
history is inadequate as a gold standard because the true
clinical state is unknown. Many studies incorrectly use these
terms resulting in tests with little clinical usefulness. To detect
the true clinical state of the patient, Kemp and Lockey suggest
the gold standard be based on an allergen challenge that
simulates natural exposure. Although they do list a range of
sensitivities and specificities in their review of diagnostic
testing, they note that this is a “misnomer without knowledge
of the true clinical state.” The accuracy of each of these tests
also varies between laboratories, with operator error and stan-
dard technique often playing a significant role.?”8 For exam-
ple, studies show that sensitivities vary between the different
devices chosen for testing.?>-3! In addition, if skin testing is
performed infrequently in a particular laboratory, there may
be a lot of wasted expenses on products and personnel mak-
ing in vitro testing a more attractive option.

Other contingencies to this study include the fact that we
did not follow up each negative SPT with IDT, which is

American Journal of Rhinology

common in many practices. This would have significantly
changed the cost and efficacy of our testing methods. When
calculating the fixed costs of allergy testing, we may not have
had the information for the wide range of materials and
discounts available. We did not take into account the costs of
training personnel. It is also important to remember that this
is a statistical model and is therefore limited by its lack of
clinical outcomes.

CONCLUSION

The prevalence of allergic rhinitis is high, and rising ac-
cording to many studies, leading to a growing population of
patients requiring allergy testing. Not only does today’s med-
ical community want effective health interventions, but also
there is pressure to make health care cost efficient. This study
looks at the cost-effectiveness of various diagnostic allergy
tests. In our model, we found MQT to be the most cost-
effective method of diagnosing allergic disease.
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