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Objective: To determine the economic impact of the fraction of exhaled nitric oxide (FeNO)
in asthma diagnosis and management in primary care in Sweden.

Methods: An economic model has been developed to determine the economic impact of the
fraction of exhaled nitric oxide (FeNO) in asthma diagnosis and management in primary care
in Sweden. The model includes the use and cost of commonly used tests, the associated
outcomes and diagnostic accuracy. We compared FeNO with spirometry and reversibility
testing, methacholine challenge test, allergy testing, and blood eosinophil count. One-way
sensitivity analyses were performed to confirm the robustness of results.

Results: Adding FeNO measurement in asthma diagnosis resulted in cost savings of SEK
672 per patient by the fourth year. The use of FeNO testing in asthma management proved to
be a dominant strategy when compared with each other test except methacholine challenge
test. Sensitivity analyses confirmed the robustness of the results.

Conclusion: Introducing FeNO testing in clinical practice for the diagnosis and manage-
ment of asthma in primary care in Sweden is less costly than standard methods while
providing similar health benefits.
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Introduction
According to the Global Initiative for Asthma (GINA) description, asthma is

a heterogeneous disease, usually characterised by chronic airway inflammation. It is
defined by the history of respiratory symptoms such as wheeze, shortness of breath,
chest tightness and cough that vary over time and in intensity, together with variable

expiratory airflow limitation."

In Europe, about 30 million children and adults under 45 years of age have
asthma.” In most European countries, the prevalence of asthma increased substan-
tially but in Western Europe the increase has stabilized in the past decade.” The
rates of disease tend to be higher in northern and Western Europe where the
prevalence may be higher than 10%.

In 2009, the first systematic review of the literature about the economic burden
of asthma was published.’ The authors found that hospitalization and medications
were the most important drivers of direct costs; work and school absence accounted
for the greatest percentage of indirect costs. Globally, asthma costs were increasing,
closely correlated with comorbidities, age and asthma severity.
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In Sweden, a study conducted in 352 subjects surveyed
about asthma-specific resource use concluded that the total
costs of asthma for the society could be estimated to SEK
3.7 billion in the age range of 25-56 years, and approximately
SEK 7.4 billion in the whole Swedish population.* Disease
severity and increasing age were the main cost drivers.

According to the national guidelines,’ a diagnosis of
asthma in Sweden is mainly based on the use of family and
medical history for finding out symptoms and symptom-
triggering factors, and by performing spirometry with reversi-
bility test.

However, in mild and moderate asthma, lung function
can be normal at rest and in quieter periods of illness.
Normal results from a spirometry cannot therefore exclude
asthma. In those cases where the history indicates asthma
disease, the health care system therefore uses other com-
plementary diagnostic methods, such as measurement of
peak expiratory flow rate (PEFR) variability, allergy inves-
tigation, measurement of the fraction of nitric oxide in
exhaled air (FeNO), and methacholine challenge test.”

Spirometry with reversibility testing, allergy assess-
ment and history finding can be performed in both primary
care and in specialist asthma clinics.” The same applies to
the measurement of PEFR variability. However, metha-
choline challenge test and FeNO tests are still mainly
used at specialist clinics.’

The objective of this study was to estimate the eco-
nomic consequences of introducing FeNO testing in clin-
ical practice for diagnosis and management of asthma
patients in primary care in Sweden.

Methods

Economic Models

An economic model has been developed for asthma diag-
nosis and management in primary health care in Sweden,
using Microsoft Excel 2010 (Microsoft Corporation,
Redmond, WA, USA). The use and cost of each standard
test, as well as associated outcomes, such as diagnostic
accuracy, were derived from the medical literature appro-
priate for the country under study, for incorporation into
the model and subsequent calculation of cost data. For
each test included in this model, the cost of the diagnostic
test, diagnosis and control visits and exacerbations are
calculated. Test and exacerbations costs were obtained
from the literature. The cost of the diagnosis and control
visits was calculated multiplying the number of visits by
the cost of each visit.

For asthma diagnosis, we compared FeNO measure-
ment with standard diagnostic tests used in Swedish pri-
mary care clinical practice, including spirometry and
reversibility testing, methacholine challenge test (after
referral to secondary care), allergy testing, and blood eosi-
nophil count. In the base-case analysis, FeNO measure-
ment was compared individually with each test.

For asthma management, we assessed the impact on
asthma outcomes of monitoring with FeNO measurement
versus the tests used in the diagnosis analysis during
2020-2023. This model assessed the impact of an incremental
use of FeNO, not a replacement of the standard tests by
FeNO use.

We have used conservative assumptions and sought to
include all relevant data from clinical studies and asthma
guidelines. Where evidence was not yet fully available, we
have used data collected by using a questionnaire from
two Swedish specialists of asthma, a Swedish primary care
clinical expert and a Swedish academic expert.

Study Population

In the base case, the cohort comprised 10,421,400 residents in
Sweden in 2020. The populations for 2020-2023 were
obtained from the Central Bureau of Statistics of Sweden
(SCB).® The target prevalence was obtained by dividing the
population in adults and children (obtained from SCB)® and
then applying the prevalence of asthma in each patient popula-
tion (Figure 1). As no updated asthma prevalence for the
Swedish population was available, we obtained asthma pre-
valence for adults and children from the Swedish asthma
experts.

Data Sources

The selection of diagnostic tests for comparison with
FeNO measurement was based on information about
daily use in clinical practice from the two Swedish asthma
experts. To avoid making assumptions about the frequency
of use for each test in clinical practice, as these data are
not available partly due to lack of a definite gold standard,
we estimated frequency weights for each test according to
the information provided by the Swedish experts.

The sensitivity and specificity of each diagnostic test were
obtained from five different published articles’ '' (Table 1).
Karrasch et al’ assessed FeNO accuracy for making the diag-
nosis of asthma by conducting a systematic review and diag-
nostic meta-analysis of 26 different studies, which account for
a total of 4518 participants. Smith et al® evaluated the diag-
nostic utility of FeNO testing and conventional test of lung

290 http:

Dove!

ClinicoEconomics and Outcomes Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Darba et al

Total population

Adult population

9%

Adult population
with asthma

I

62% \1, \l, 38%

y

Paediatric population

\ 9%

Paediatric population

with asthma
!

4% ,b \b 26%

Adult population

with well-controlled

asthma

Adult population
with not well-
controlled asthma

Paediatric population

with well-controlled

asthma

Paediatric population
with not well-

controlled asthma

Figure | Study population.

function in 47 patients with symptoms suggestive of asthma.
Berkman et al’ assessed the diagnostic utility of FeNO com-
pared with conventional bronchial provocation tests in
a prospective study with a group of 85 patients using
a clinical follow up of 24 months to define asthma. The
sensitivity and specificity of blood eosinophil count were
derived from the observational study by Hunter et al' that
compared tests accuracy in 21 controls, 69 patients with
asthma and 20 patients with an asthma diagnosis with an
alternative explanation for their symptoms. Finally, Gallmeier
etal' evaluated the diagnostic utility of skin prick tests (SPTs)
and radioallergosorbent tests (RASTs) in 1185 patients during
20 years.

The type of drugs used in asthma management was
obtained from our Swedish experts, as there were no published
evidence available. The evidence on the reduction of the use of
inhaled corticosteroids (ICS) is based on a systematic review
that found an approximately 27% average reduction of ICS
when FeNO monitoring was used in adult patients.'?

Finally, data about the number of exacerbations per test
used were obtained from Syk et al.'* This study registered

Table | Sensitivity and Specificity of Diagnostic Tests for Asthma

the number of exacerbations in the FeNO group and in the
control group, obtaining the proportion of patients experi-
encing moderate or severe exacerbations with and without
the use of FeNO measurement.

Costs and Use of Resources

The economic assessments were conducted from a Swedish
health-care payer perspective (Swedish crowns [SEK] 2019),
taking into account the cost for the health-care system, and
included changes in resource use, namely the direct medical
costs, including costs of diagnostic tests, primary care GP
visits, primary care nurse visits, laboratory visits, and treat-
ment, as available from published data (Table 2). Drug costs
were obtained from TLV, the Swedish drug price database.'*
The cost related to the use of each test included the test cost, the
number of primary care GP visits, the number of primary nurse
visits, and the laboratory visits. The drug doses and use were
derived from Stillberg et al,'> a study that compared the
asthma control in 2001 and 2005 in the primary care setting
in Sweden. The number of diagnostic and control visits were
derived from the National guidelines for the treatment of

Test Sensitivity (%) Specificity (%) Source

FeNO 68 83 Karrasch et al’

Spirometry + reversibility test 35 100 Smith et al®
Berkman et al’

Methacholine challenge test 88 87 Berkman et al’

Allergy test 42 79 Gallmeier et al''

Blood eosinophil count 72 80 Hunter et al'®

Abbreviation: FeNO, fractional exhaled nitric oxide.
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Table 2 Unit Costs (SEK 2019) Used in the Model, from a Swedish Health-Care Payer Perspective

Mean Cost (SEK) Source
Diagnostic tests for asthma
FeNO 200 Intramedic AB'®
Spirometry + reversibility test 200 Regional tariffs lists
Methacholine challenge test 6289 Regional tariffs lists
Allergy test 853 Regional tariffs lists
Blood eosinophil count 628 Regional tariffs lists
Visits
Primary care GP visit 1882 Regional tariffs lists
Primary care nurse 702 Regional tariffs lists
Laboratory visit 361 Regional tariffs lists
Exacerbations
Moderate 4619 Lane et al'®
Severe 4356 Lane et al'®
Drugs
Inhaled corticosteroids (ICSs) 2.15 TLV'
Long-acting B2-agonists (LABAs) 6.36 TLV'
ICS/LABA combination 5.01 TLv'
Short-acting p2-agonists (SABAs) 1.05 TLV'
Leukotriene receptor antagonists (LTRAs) 3.94 TLV'
Oral corticosteroids (OCSs) 28.42 TLV'

Notes: TLV (in Swedish), Dental Care and Medical Benefits Agency. Drug price database.
Abbreviations: SEK, Swedish crowns; FeNO, fractional exhaled nitric oxide; PEF, peak expiratory flow; GP, general practitioner.

asthma and COPD. The cost of a FeNO test was based on the
figures provided by Intramedic AB,'® the Swedish distributor
of NIOX VERO®,'” a device for monitoring FeNO.
Exacerbations costs in the primary care setting were obtained
from Lane et al.'® In this study, the authors conducted
a prospective study that assessed the local cost of asthma
exacerbations managed in either primary or secondary care.

According to the experts’ opinion, the commonly used
diagnostic methods in Swedish primary health care were
weighted as follows:

e Fractional exhaled nitric oxide (FeNO): relative fre-
quency weight in adult population <1%,; in paediatric
population <1%.

e Spirometry and reversibility testing: relative fre-
quency weight in adult population 75%; in paediatric
population 50%.

e Methacholine challenge test: relative frequency weight
in adult population 10%; in paediatric population 10%
(after referral to a specialist clinic).

e Allergy testing, including skin prick test and serum
IgE: relative frequency weight in adult population
50%; in paediatric population 75%.

e Blood eosinophil count: relative frequency weight in
adult population <1%; in paediatric population <1%.

Sensitivity Analyses

We performed numerous one-way sensitivity analyses to
examine the robustness of both diagnostic and manage-
ment models. The parameters assessed in the one-way
sensitivity analysis for both asthma management and diag-

nosis were:

1. Variation in test sensitivity: —50%, +10%

2. Variation in test specificity: —50%, +10%

3. Asthma prevalence in tested population: 8% (lower
value proposed by the Swedish experts), 20%,'°
36042021

4. FeNO cost:'® +50%, +100%, +150%

5. Cost of standard tests: +50%, +100%, +150%

6. Cost of treatments: +50%, +100%, +150%

Ethics
No patient data have been analysed and no patients were
involved in this study.
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Table 3 Base Case Results: Management of Asthma

Diagnostic Test Expected Cost per Test Incremental Incremental Effect of | Result

Patient (SEK) Effectiveness | Costs (SEK) the Test

FeNO measurement 7906 0.68 Ref. Ref. Ref.

Spirometry and 11,921 0.35 —4016 0.33 Dominant

reversibility test

Methacholine challenge 15,747 0.88 —7842 -0.20 Less effective, less

test costly

Allergy test 10,311 0.42 —2406 0.26 Dominant

Blood eosinophil count | 10,087 0.21 -218I 0.47 Dominant

Abbreviations: SEK, Swedish crowns; FeNO, fractional exhaled nitric oxide.

Data Availability
No datasets were generated or analysed during the current
study.

Results

Base Case

The use of FeNO tests in asthma management resulted in
savings ranging from SEK 2181 to SEK 7842 per patient
when compared to the standard tests included in this study
(Table 3). The use of FeNO monitoring in asthma manage-
ment improved asthma care and generated savings for the
Swedish health care system. FeNO was related to cost
savings due to its lesser use of resources represented by
fewer visits to the primary care GP when compared to the
standard tests.

In this study, the efficacy is strongly associated with the
test’s sensitivity, which allows for better management of
asthma. Methacholine challenge test showed the higher sen-
sitivity (88%), which means that this test is the most effec-
tive tests for asthma management. The least effective
standard test was the blood eosinophil count, with
a sensitivity of 21%, followed by the combination of spiro-
metry and reversibility test, with a sensitivity of 35%
(Table 3). So, the combination of less costs and better
efficacy when compared with standard tests, made FeNO
testing a dominant option over all the standard tests except
methacholine challenge test. FeNO showed to be less effec-
tive but also less costly than methacholine challenge test.

The progressive introduction of FeNO testing in
asthma diagnosis resulted in increasing savings during
the 2021-2023 period (Table 4). In the last year of
study, the adding of FeNO testing resulted in total sav-
ings of SEK 128,429,100 in adult patients (SEK 495 per

patient), and SEK 99,147,258 in paediatric patients
(SEK 1679 per patient). Both patient populations taken
together, the savings were SEK 227,576,358 (SEK
672 per patient).

Sensitivity Analyses

The one-way sensitivity analysis (Table 5) showed that the
introduction of FeNO in asthma management was domi-
nant for all parameter changes. Regarding FeNO diagno-
sis, savings per patient were most sensitive to asthma
prevalence and cost of standard tests but also to FeNO
cost. Assuming an asthma prevalence from 8% to 35%,
savings ranged from SEK 411,166,565 to SEK
1,850,249,543. When increasing the standard tests cost
from 50% to 150%, savings varied from SEK
537,335,517 to SEK 686,881,781. Finally, the variation
of FeNO cost, considering an increment from 10% to
20%, resulted in a variation of savings from SEK
460,297,825 to SEK 461,430,105. In all the other para-
meter changes, savings per patient remained stable.

Discussion

This study has evaluated the economic consequences of
introducing FeNO testing in clinical practice for diagnosis
and management of asthma patients in primary health care
in Sweden. At a reimbursement price of SEK 200, asthma
diagnosis with the progressive introduction of FeNO test-
ing in clinical practice costs SEK 672 less per patient by
the fourth year as compared with standard diagnostic tests.
Asthma management using FeNO testing instead of stan-
dard tests resulted in a dominant strategy when compared
with each test. FeNO testing resulted in savings ranging
from SEK 2181 to SEK 7842 per patient and a specificity
difference ranging from 45% to 67% when compared to
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Table 4 Base Case Results: Diagnosis of Asthma

2020 2021 2022 2023 Present Value

Economic burden without FeNO (SEK)

Adult patients 4,450,196,624 4,616,788,487 4,928,303,664 5,413,653,110 18,532,173,908

Paediatric patients 906,842,153 945,930,636 1,012,910,897 1,114,714,797 3,800,109,028

Total 5,357,038,777 5,562,719,123 5,941,214,561 6,528,367,907 22,332,282,936
Economic burden with FeNO (SEK)

Adult patients 4,460,673,444 4,560,584,821 4,796,788,977 5,285,224,010 18,246,588,036

Paediatric patients 909,031,133 914,738,836 951,221,253 1,015,567,539 3,623,132,515

Total 5,369,704,577 5,475,323,657 5,748,010,230 6,300,791,549 21,869,720,551
Budget impact (SEK)

Adult patients 10,476,820 —56,203,666 —131,514,687 —128,429,100 —285,585,872

Paediatric patients 2,188,980 -31,191,800 —61,689,644 —99,147,258 —176,976,514

Total 12,665,800 —87,395,466 —193,204,331 —227,576,358 —462,562,386
Economic burden decrease

Adult patients 0.24% -1.22% —2.67% —2.37% —1.54%

Paediatric patients 0.24% —3.30% —6.09% —8.89% —4.66%

Total 0.24% —1.57% —3.25% —3.49% —2.07%

Abbreviations: SEK, Swedish crowns; FeNO, fractional exhaled nitric oxide.

the standard tests included in this study. The savings
related to the use of FeNO can be due to different reasons
related to the reduction of asthma exacerbation, hospita-
lized stay, and cost of treatment.

The results of the sensitivity analyses were consistent
with the base-case analysis for both asthma management
and diagnosis, showing that the base-case models are
robust. For asthma management, FeNO testing remained
the dominant strategy in all cases. Similarly, for asthma
diagnosis, savings per patient were most sensitive to
asthma prevalence and cost of standard tests but also to
FeNO cost.

In clinical practice, a diagnosis of asthma in Sweden is
mainly based on the use of family and medical history for
finding out symptoms and symptom-triggering factors, and
by performing spirometry with reversibility test.” For that
reason and due to experts’ suggestion, we analysed the use
of FeNO in conjunction with other diagnostic tests. This
approach is also supported by the results obtained in
a recent study in which the use of FeNO testing together
with spirometry improved diagnostic confidence and ther-
apeutic decision-making regarding more than 90% of
patients with nonspecific respiratory symptoms managed
in primary care.”” In addition the use of FeNO has been
considered as adjuvant tool for diagnosis of type 2
asthma,' so it could not replace spirometry of

methacholine challenge test. Hence, the cost of diagnosis
of asthma with FeNO might be higher than standard diag-
nosis. In the case of non-type 2 asthma, FeNO can provide
a more effective approach for asthma in monitoring of
airway inflammation to determine risk for future impair-
ment or loss of asthma control during reduction/cessation
of ICS treatment, in unmasking non-adherence to corticos-
teroid therapy and in severe asthma cases tailoring treat-
ment with biological drugs.?

The direct costs obtained for the adult and paediatric
populations together (about SEK 6.5 billion) is higher than
those reported by Jansson et al.* That study estimated the
societal costs for subjects with asthma by using telephone
interviews to 115 randomly selected patients with asthma.
The total societal costs of asthma were estimated to SEK
3.7 billion in the age range of 25-56 years, and were
considered to be approximately twice as high in the
whole population of Sweden, with the direct costs consti-
tuting about 31% of total costs (about SEK 2.3 billion).
However, that report is approximately 15 years old, and
we know that the prevalence of paediatric asthma has
increased in Sweden during this time period.

Regarding the cost of asthma treatment by using FeNO for
the titration of the ICS dose, some previous studies have been
published.**2® Truong-Thanh et al** conducted a prospective
and randomized study to demonstrate the role of FeNO in
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Table 5 Sensitivity Analysis Results

Variation in Model Parameters

Management of Asthma

Diagnosis of Asthma

Base case result

Dominant vs all except methacholine challenge test

SEK —462,562,386

Test sensitivity

—50%
+10%

Dominant vs all except methacholine challenge test

Dominant vs all except methacholine challenge test

SEK —462,562,386
SEK —462,562,386

Test specificity

—50%
+10%

Dominant vs all except methacholine challenge test

Dominant vs all except methacholine challenge test

SEK —462,562,386
SEK —462,562,386

Asthma prevalence

8%

Dominant vs all except methacholine challenge test

SEK —411,166,565

20% Dominant vs all except methacholine challenge test SEK —1,027,916,413

36% Dominant vs all except methacholine challenge test SEK —1,850,249,543
FeNO cost

+10% Dominant vs all except methacholine challenge test SEK —461,430,105

+15% Dominant vs all except methacholine challenge test SEK —460,863,965

+20% Dominant vs all except methacholine challenge test SEK —460,297,825

Cost of standard tests

+50%
+100%
+150%

Dominant vs all except methacholine challenge test
Dominant vs all except methacholine challenge test
Dominant vs all except methacholine challenge test

SEK —537,335,517
SEK —612,108,649
SEK —686,881,781

Cost of treatments

+50%
+100%
+150%

Dominant vs all except methacholine challenge test
Dominant vs all except methacholine challenge test
Dominant vs all except methacholine challenge test

SEK —462,562,386
SEK —462,562,386
SEK —462,562,386

Abbreviations: SEK, Swedish crowns; FeNO, fractional exhaled nitric oxide.

association with GINA guidelines for treatment of adult
patients with asthma. The study involved 176 patients followed
up 9 months. At the end of the study, the FeNO associated to
GINA group showed higher reduction of FeNO levels, less
moderate asthma patients and lower daily dose of ICS. Dinh-
Thi-Dieu et al* conducted a prospective and descriptive study
to evaluate the beneficial role of FEyo in combination with
GINA guidelines for titration of ICS in asthmatic children.
A total of 204 patients were included in this study, and were
followed-up to 12 months. This study concluded that the use of
FEno in combination with GINA guidelines for ICS titration is
useful in reducing the daily ICS dose and treatment cost.
Finally, Duong-Quy et al*® conducted a prospective study to
analyse the role of FENO measurement for categorizing
asthma phenotype and treatment in children. A total of 187
asthmatic children were included and were followed up to 3
months. The level of FENO was significantly reduced after 1

month and normalized at 3 months, and the dose of ICS was
significant reduced after 3 months. FeNO has also showed to
be a useful biomarker to categorize asthma phenotypes in
children.

This is the first economic evaluation of the use of FeNO
testing in asthma management and diagnosis in Sweden, but
some previous economic studies have been carried out in other
European countries and in the US, and in all of them FeNO was
related to savings and the same or better health outcomes.
Sabatelli et al*’ evaluated the cost-effectiveness and budget
impact of FeNO monitoring for the management of adult
asthma in Spain, with both the cost-effectiveness and budget
impact analyses showing savings for the healthcare system
when considering the use of FeNO monitoring in primary

health care. In other study, Brooks et al*® examined the impact
of FeNO monitoring on the cost-effectiveness of asthma man-

agement, with FeNO monitoring being cost effective, and
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related to increased QALYs and decreased health care costs.
LaForce et al*” conducted an observational study to determine
whether the use of FeNO in the management of asthma is
related to more effective and cost-effective treatment deci-
sions, with results showing that the addition of FeNO to
standard of care was estimated to save USD 629 per patient
per year. Bukstein et al’” assessed the potential US payer cost
savings due to the incorporation of FeNO in management or
monitoring of difficult-to-treat asthma patients, with all scenar-
ios showing cost and use reduction across all medical resource

1?° determined the cost-effectiveness

use parameters. Price et a
of FeNO measurement for asthma diagnosis and management
in the UK, with FeNO being less costly and more accurate than
standard diagnostic methods and providing similar health ben-
efits. Finally, Berg et al’' assessed the cost-effectiveness of
FeNO measurement in asthma diagnosis and management in
Germany, showing that the use of FeNO measurement is less
costly than asthma management based on standard guidelines
and provides similar health benefits.

Although this study is similar to the previously conducted
economic evaluations described above, it presents some pos-
sible limitations. Indirect costs such as loss of productivity due
to disability pensions and absence from work or school due to
sick leave were not included in this study since there is no
available data on the direct impact of FeNO management.
However, inclusion of indirect costs would likely improve
the results further, since it has been shown that exacerbations
lead to several days off work: on average, 3 days for mild
exacerbations and 7 days for moderate and severe
exacerbations.”” In the study of Jansson et al,% indirect costs,
including loss of productivity and absence from work due to
sick leave, accounted for the 69% of total reported costs.

Conclusion

This study has shown that from the Swedish healthcare
payer perspective, introducing FeNO testing in clinical
practice for the diagnosis and management of asthma
patients in primary care is less costly than standard meth-
ods while providing similar health benefits.

The cost savings were seen both in asthma manage-
ment and diagnosis and were driven mainly by less use of
healthcare resources in comparison with standard methods.
The clinical benefits were seen in asthma management and
were mainly related to the higher sensitivity for FeNO.

Including FeNO to the current set of available diagnostic
tests available provides a unique way of detecting airway
inflammation, which will complement pulmonary function
tests in a cost-effective way. Similarly, adding FeNO testing

into asthma management may facilitate the identification of
patients at risk for future exacerbations and would therefore be
related to cost savings in both adult and paediatric patients.
FeNO use could also be potentially cost-effective in reducing
medication consumption. Moreover, due to the increasing use
of new biological therapies in asthma treatment, there will be
a growing need for clinically relevant biomarkers to facilitate
the identification of appropriate candidates for treatment and
to monitor the response to treatment in a cost-effective way.
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