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Abstract

This article reviews the international literature on the cost-effectiveness of immuno-
therapy for respiratory allergy. Included studies conducted an economic evalua-
tion of immunotherapy for allergic rhinoconjunctivitis, allergic conjunctivitis,
allergic rhinitis, asthma or allergic rhinitis in combination with asthma. Although
there were few economic evaluations and these suffered from methodological
shortcomings, the evidence appears to support the cost-effectiveness of immuno-
therapy as compared with pharmacotherapy for allergic rhinoconjunctivitis, sub-
cutaneous immunotherapy as compared with pharmacotherapy for allergic
rhinitis and immunotherapy as compared with pharmacotherapy for allergic rhini-
tis and asthma. One economic evaluation suggested that immunotherapy as com-
pared with pharmacotherapy is unlikely to be cost-effective for asthma. The
questions of the cost-effectiveness of sublingual vs subcutaneous immunotherapy
and of the cost-effectiveness of immunotherapy for allergic conjunctivitis have not
been resolved to date. The cost-effectiveness of immunotherapy depends on the
duration of the clinical benefit of immunotherapy following treatment cessation,
and on the break-even point of cumulative costs between immunotherapy and
pharmacotherapy. There is a need for economic evaluations based on high-quality
prospective and long-term clinical studies comparing immunotherapy with phar-
macotherapy in real-life practice and comparing sublingual with subcutaneous
immunotherapy.

Respiratory allergy places a substantial health and economic
burden on society because of its prevalence; its impact on
quality of life, social life, school performance, productivity at
work and absence from work; and its association with sleep
disturbance, impaired cognitive function, depression and anx-
iety (1, 2). For instance, allergic rhinitis is estimated to affect
30-60 million individuals annually in the United States at a
total societal cost of $11 billion in 2005 (3). Total costs of
allergic rhinitis exceeded those associated with asthma, can-
cer, diabetes mellitus and migraines (4). In a Swedish study,
productivity loss associated with allergic rhinitis was esti-
mated at 5.1 days per worker per year, amounting to a total
cost of €2.7 billion per year (5).

Immunotherapy for respiratory allergy consists of the
administration of gradually increasing doses of allergen
extracts, which aims to improve the quality of life and reduce
symptoms when the patient is subsequently exposed to the
allergen, remains effective following treatment cessation and
is able to modify the natural history of respiratory allergy
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(6, 7). Administration routes have evolved over time from
the initial subcutaneous route to the sublingual route in the
recent years. This change in administration route follows the
occurrence of adverse events such as systemic reactions and
the need for regular injections at the physician’s office with
subcutaneous immunotherapy (6). Subcutaneous as well as
sublingual immunotherapy has proven to be effective in the
treatment for respiratory allergy (1).

At a time of scarce resources and increasing healthcare
costs, there is a need to explore the cost-effectiveness of
immunotherapy for respiratory allergy. Cost-effectiveness
data can be used for decision-making purposes by a variety
of stakeholders (8). Policy makers draw on cost-effectiveness
data to inform the allocation of scarce healthcare resources
with a view to maximizing population health. Healthcare
payers apply evidence about cost-effectiveness to inform pric-
ing and/or reimbursement decisions in health care. Physicians
rely on economic evaluation to shed light on whether immu-
notherapy is a cost-effective treatment option for a particular
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indication. Finally, companies can employ techniques of
economic evaluation to demonstrate the cost-effectiveness of
their immunotherapy.

The aim of this article is to review the international litera-
ture on the cost-effectiveness of immunotherapy for respira-
tory allergy. To this effect, the review provides a synthesis of
economic evaluations of immunotherapy for respiratory
allergy. Methodological issues surrounding the evaluation of
the cost-effectiveness of immunotherapy for respiratory
allergy are also explored. This literature review was carried
out on the demand of the National Institute for Health and
Disability Insurance with a view to inform Belgian
consensus-based guidelines on the cost-effective treatment of
respiratory allergy.

Methods
Search strategy

Studies were identified by searching Medline (PubMed),
Centre for Reviews and Dissemination databases (Database
of Abstracts of Reviews of Effects, NHS Economic
Evaluation Database, and Health Technology Assessments
Database), Cochrane databases (Database of Technology
Assessments and Database of Economic Evaluations) and
EconLit (OVID) up to and including February 2012.

Search terms included ‘allergy’, ‘respiratory’, ‘allergic
rhinoconjunctivitis’, ‘allergic conjunctivitis’, ‘allergic rhinitis’,
‘asthma’, ‘seasonal’, ‘perennial’, ‘intermittent’, ‘persistent’,
‘immunotherapy’, ‘oral’, ‘subcutaneous’, ‘sublingual’, ‘health
economics’, ‘pharmaco-economics’, ‘economic evaluation’,
‘cost-effectiveness’, ‘cost-minimization’, ‘cost-consequence’,
‘cost-utility’ and ‘cost-benefit’ alone and in combination with
each other.

The literature search focused on primary economic evalua-
tions of immunotherapy for respiratory allergy. The biblio-
graphy of literature reviews was checked for relevant primary
economic evaluations. Literature reviews were incorporated if
they discussed the selected primary economic evaluations.

Inclusion/exclusion criteria

Evidence about cost-effectiveness was derived from economic
evaluations. An economic evaluation was defined as a study
contrasting an intervention with a comparator in terms of
both costs and health outcomes (9). An economic evaluation
can take the form of a cost-effectiveness analysis, cost-utility
analysis or cost—benefit analysis.

In a cost-effectiveness analysis, the intervention and com-
parator are evaluated in terms of costs and a single outcome
measure quantified in a natural unit (e.g. percentage of
patients who respond to treatment or for whom treatment is
successful). There are two specific cases of a cost-effectiveness
analysis: (1) a cost-minimization analysis evaluates costs only
provided that health outcomes have been shown to be equal
between intervention and comparator; and (ii) a cost-conse-
quence analysis evaluates intervention and comparator in
terms of costs and multiple outcome measures.

Simoens

A cost-utility analysis evaluates intervention and compar-
ator in terms of costs and a health-related quality of life
measure, such as quality-adjusted life years. This outcome
measure considers both the quantity and quality of life.
Quality of life is measured by means of utilities on a scale
of 0 (reflecting death) to 1 (reflecting perfect health).
Quality of life estimates are multiplied by the time period
for which the health benefits last to calculate quality-
adjusted life years.

In a cost-benefit analysis, both costs and outcomes are
valued in monetary terms. A monetary value can be assigned
to outcomes by means of, for example, the willingness-to-pay
technique. Monetary outcomes (the so-called benefits) can
then be directly compared with costs, and the net worth (ben-
efits minus costs) of the intervention vs the comparator can
be calculated.

The intervention was immunotherapy. The comparator
could be ‘do nothing’, placebo, alternative immunotherapy,
pharmacotherapy or other health technology (e.g. surgery,
acupuncture). The literature review considered studies that
enrolled patients suffering from allergic rhinoconjunctivitis,
allergic conjunctivitis, allergic rhinitis, asthma or allergic
rhinitis in combination with asthma.

Inclusion was restricted to articles published in peer-
reviewed journals. Congress abstracts were not considered
because they do not provide sufficient details of methodology
and results. Articles were excluded if studies examined an
intervention other than immunotherapy, if studies analysed a
single intervention without a comparator, if studies measured
costs only, if studies did not report data on costs or out-
comes and if studies measured resource use (but not costs)
and outcomes.

Articles could be published in English, Dutch or French.
The review was limited to studies published between January
1995 and February 2012. Earlier articles were considered of
limited relevance because changes in the organization and
financing of healthcare systems over time are likely to influ-
ence cost-effectiveness estimates.

The selection of studies to be included/excluded was
performed independently by two reviewers. Any disagree-
ments between the two reviewers were resolved through
discussion.

Assessment of methodological quality

The quality of economic evaluations was assessed by consid-
ering the perspective, study design (trial- or model-based eco-
nomic evaluation); source of cost and outcome data; cost
and outcome measures; time horizon; and allowance for
uncertainty (9).

Data analysis

Economic evaluations were summarized by focusing on the
study country, type of economic evaluation (i.e. cost-effec-
tiveness analysis, cost-consequence analysis, cost-utility
analysis and cost—benefit analysis) (9), sample, intervention,
comparator, cost and outcome results. Because of the
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heterogeneity of the primary studies, a descriptive synthesis
of the extracted data was made. The characteristics and the
results of the included studies were summarized via
tabulation.

Results
Search results

Of the 107 articles identified, 23 articles were included in the
review: 15 primary economic evaluations (10-24) and eight
literature reviews (6, 7, 25-30) (see Fig. 1). The findings of
economic evaluations of immunotherapy are summarized in
Table 1 for allergic rhinoconjunctivitis, in Table 2 for allergic
rhinitis, in Table 3 for asthma and in Table 4 for allergic
rhinitis and asthma. One economic evaluation was included
twice in Table 4 because this study calculated the cost-effec-
tiveness of subcutaneous immunotherapy and of sublingual
immunotherapy for patients suffering from allergic rhinitis
and asthma (21).

Immunotherapy for allergic rhinoconjunctivitis

Two economic evaluations have assessed the cost-effective-
ness of sublingual immunotherapy to treat grass pollen—
induced allergic rhinoconjunctivitis in European countries
(see Table 1) (12, 16). The economic evaluations used the
same study design, intervention and comparator; were based
on the same randomized controlled trial (RCT); employed
the same data sources, cost and outcome measures; had the
same time horizon; but differed in terms of countries
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included. These studies found that sublingual immunotherapy
is likely to be a cost-effective intervention as compared to
pharmacotherapy in each of the selected countries. However,
the cost-effectiveness of sublingual immunotherapy was
established in comparison with symptomatic rather than
prophylactic use of an oral histamine in combination with a
nasal corticosteroid (7). The observation that sublingual
immunotherapy is likely to be cost-effective was also con-
firmed in a more recent paper pertaining to Denmark (31).
However, the cost-effectiveness depended on the annual cost
of sublingual immunotherapy. Furthermore, there is a need
for research on the long-term effectiveness of sublingual
immunotherapy and its potential effect on preventing allergic
asthma (32). For instance, a recent 5-year RCT found a sig-
nificant decrease in a combined score of asthma daily
symptoms and daily medications in patients treated with sub-
lingual immunotherapy as compared to pharmacotherapy
(33).

Two economic evaluations examined the cost-effectiveness
of subcutaneous immunotherapy in the treatment for allergic
rhinoconjunctivitis in European countries (18, 22). Effective-
ness data in both economic evaluations were primarily
derived from a single clinical trial.

The first study showed that subcutaneous immunotherapy
for seasonal allergic rhinoconjunctivitis is likely to have an
acceptable cost-effectiveness ratio from the healthcare system
perspective and that it may be more effective and less expen-
sive than pharmacotherapy from the societal perspective
when costs of productivity loss are considered in the selected
countries (18). The cost-effectiveness of subcutaneous immu-
notherapy is likely to improve when future healthcare costs

21 reviews identified 86 primary economic
evaluations identified

v v

— » | Exclusion because of:

- an intervention that did not focus on
immunotherapy;

18 abstracts retrieved |

| 69 abstracts retrieved

- analysis of costs only;

- analysis of an intervention without a
comparator;

- absence of data on both costs and
outcomes;

- study measuring resource use (but
not costs) and outcomes;

- congress abstracts;

\ v
12 full articles 34 full articles retrieved
retrieved
e
v v

- articles published in a language other
than English, Dutch or French;

- articles published prior to 1995.

8 reviews and 15 primary economic evaluations

selected

Figure 1 Flow chart of literature search.
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and costs of productivity loss owing to allergic asthma are
considered.

Although the authors of the second study claimed to con-
duct a cost-benefit analysis, they compared healthcare costs
with savings from a reduction in sick days only. They did
not value health gains by means of, for example, the willing-
ness-to-pay technique (22). Therefore, they carried out
a cost-effectiveness analysis using a disease-specific measure
(i.e. cost per patient year of improved well-being). This
makes it difficult to judge whether subcutaneous immuno-
therapy is cost-effective. Indeed, it is not possible to compare
the cost-effectiveness of subcutaneous immunotherapy in this
study with the results from other studies that evaluate immu-
notherapy in terms of other effectiveness measures. Finally, if
the costs of drugs other than those associated with allergy
and asthma had been considered by this economic evalua-
tion, the cost-effectiveness of subcutaneous immunotherapy
may have been better.

One study conducted an economic evaluation comparing
sublingual with subcutaneous allergen immunotherapy for
seasonal allergic rhinoconjunctivitis in the Czech Republic
(23). The economic evaluation was based on an open-label
RCT which suffered from the following limitations: absence
of placebo arm, absence of double-blind method and a small
sample size. As a result, the statistical analysis had limited
validity. The authors observed comparable clinical effective-
ness of sublingual immunotherapy and subcutaneous immu-
notherapy. However, subcutaneous immunotherapy patients
showed slightly better improvements in all clinical outcomes.
Such improvements may become statistically significant in a
study with more patients. The literature indicates that sub-
lingual immunotherapy is associated with less serious sys-
temic adverse effects than subcutaneous immunotherapy
(34). However, the sample size of the RCT was too small to
observe such a difference between sublingual immunotherapy
and subcutaneous immunotherapy. Treatment with sub-
lingual immunotherapy was less expensive than with subcuta-
neous immunotherapy from the third-party payer perspective
and from the societal perspective. The time horizon was lim-
ited to 3 years of treatment, and the potential lasting effec-
tiveness following the end of treatment was not considered.
No conclusion about the cost-effectiveness of sublingual
immunotherapy vs subcutaneous immunotherapy can be
drawn because of the methodological limitations of this
study.

Immunotherapy for allergic conjunctivitis

No articles examining immunotherapy for allergic conjuncti-
vitis were included.

Immunotherapy for allergic rhinitis

Few data are available on the cost-effectiveness of immuno-
therapy of allergic rhinitis (see Table 2). One economic evalu-
ation showed that subcutaneous immunotherapy is likely to
be cost-effective as compared with pharmacotherapy for sea-
sonal as well as perennial allergic rhinitis (24). This economic

Simoens

evaluation was based on an observational study enrolling 38
patients only. A second economic evaluation found that an
accelerated schedule of subcutaneous immunotherapy during
the build-up phase offered the same safety, but at lower costs
than the traditional schedule (19).

Immunotherapy for asthma

Only one economic evaluation focused on the cost-effective-
ness of subcutaneous immunotherapy with ragweed pollen
for asthma (see Table 3) (17). This study found that the clini-
cal effects of subcutaneous immunotherapy (in terms of, for
example, asthma symptom scores) were limited, and many
were not sustained for 2 years. Also, the increased costs of
immunotherapy did not offset the reduced medication costs.
Therefore, immunotherapy for asthma was not considered to
be cost-effective as compared with pharmacotherapy.

Immunotherapy for allergic rhinitis and asthma

Five (11, 13, 14, 20, 21) and three (10, 15, 21) economic eval-
uations have investigated the cost-effectiveness of sublingual
and subcutaneous immunotherapy, respectively, as compared
to pharmacotherapy for patients suffering from allergic rhini-
tis and asthma (see Table 4). These economic evaluations
have attempted to explore the cost-effectiveness of immuno-
therapy under real-life practice circumstances.

The literature consistently finds that immunotherapy for
3 years is cost-effective as compared to pharmacotherapy.
This result applies to children, adolescents and adults; sea-
sonal and perennial allergic rhinitis; and different types of
allergy. The cost-effectiveness of immunotherapy vs pharma-
cotherapy improves if the lasting effect following cessation of
immunotherapy is considered. Immunotherapy becomes more
cost-effective when a societal perspective is taken and costs
of productivity loss are taken into account. In general, the
cost-effectiveness of immunotherapy vs pharmacotherapy
depends on the target population, the costs of immunother-
apy, the model duration and the costs of productivity loss.
No economic evaluations have compared sublingual with
subcutaneous immunotherapy for allergic rhinitis and
asthma.

Discussion

This literature review has summarized the evidence about the
cost-effectiveness of immunotherapy for respiratory allergy.
On the one hand, the current evidence provides support for
the cost-effectiveness of immunotherapy as compared with
pharmacotherapy for allergic rhinoconjunctivitis, subcutane-
ous immunotherapy as compared with pharmacotherapy for
allergic rhinitis and immunotherapy as compared with phar-
macotherapy for allergic rhinitis and asthma. On the other
hand, one economic evaluation suggested that immunother-
apy as compared with pharmacotherapy is unlikely to be
cost-effective for asthma. To date, the cost-effectiveness of
immunotherapy for allergic conjunctivitis has not been inves-
tigated.

© 2012 John Wiley & Sons A/S
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The cost-effectiveness literature underlines the relevance of
the time horizon of an economic evaluation with respect to
the consideration of clinical benefits and costs associated with
immunotherapy.

With respect to clinical benefits, economic evaluations on
immunotherapy as compared with pharmacotherapy
indicated that the cost-effectiveness of immunotherapy
primarily depends on the duration of the clinical benefit of
immunotherapy following treatment cessation (7). For
instance, one study showed that a reduction in the time
horizon of the analysis had a negative impact on the cost-
effectiveness of immunotherapy (20). Data on the duration of
clinical benefit of immunotherapy used in economic evalua-
tions were derived from clinical trials or observational stud-
ies, the literature, expert opinion or authors’ assumptions.
For instance, two studies of sublingual immunotherapy for
allergic rhinoconjunctivitis were based on the assumption of
a clinical benefit lasting at least 6 years following cessation
of treatment during 3 years (12, 16). Although assumptions
were informed by clinical trials, the quality of the clinical
evidence can be questioned and uncertainty surrounds the
quantitative estimate of the duration of clinical benefit
following cessation of immunotherapy (27).

With respect to costs, the cost-effectiveness of immunother-
apy as compared with pharmacotherapy depends on the
break-even point of cumulative costs between treatment
alternatives (i.e. point in time when cumulative costs of
immunotherapy equal cumulative costs of pharmacotherapy).
Immunotherapy (plus drugs as needed) tends to be more
expensive during the first years of treatment, but cumulative
costs of pharmacotherapy start to exceed those associated
with immunotherapy at a later stage when immunotherapy
has stopped, but its clinical benefit is maintained. The break-
even point tends to differ between economic evaluations and
cannot be transferred given that, for instance, cost estimates
reported in economic evaluations are specific to the study set-
ting and unlikely to be generalizable.

No economic evaluation involved a direct comparison of
sublingual with subcutaneous immunotherapy, except for one
study that did not give a conclusive answer because of meth-
odological limitations (23). Therefore, the question of the
cost-effectiveness of sublingual vs subcutaneous immunother-
apy has not been resolved to date. The literature does suggest
that any future economic evaluation needs to consider such
aspects as safety profile, compliance rate and administration
costs, which may affect the cost-effectiveness of sublingual vs
subcutaneous immunotherapy (6).

The literature on the cost-effectiveness of immunotherapy for
respiratory allergy consisted of studies conducted in Europe and
in the United States. The results of these studies should be inter-
preted with care when assessing their generalizability to another
country. This is because, amongst other things, the patient
population and the specific types of immunotherapy used are
likely to vary between countries. Also, the funding, organization,
regulation and real-life practices governing immunotherapy for
respiratory allergy vary between countries.

Some economic evaluations included direct healthcare costs
from the perspective of the third-party payer or the
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healthcare system. As a result, these studies focused on the
costs of immunotherapy and examined the cost impact of
immunotherapy on the use of medicines, physician consulta-
tions and hospitalization. However, such studies did not con-
sider the impact of immunotherapy on time off work or time
off school. This is especially relevant in the case of respiratory
allergy as the literature shows that respiratory allergy harms
work and school performance (35, 36). The evidence consis-
tently demonstrates that the cost-effectiveness of immunother-
apy for respiratory allergy improves when indirect costs of
productivity loss are considered from the societal perspective.
The impact of immunotherapy on school performance has
not been considered in economic evaluations to date.

Existing economic evaluations employed a variety of out-
come measures, such as the peak expiratory flow rate, symp-
tom scores, the number of symptom-free days, the number of
patients free from symptoms and the number of exacerba-
tions. This makes it difficult to compare cost-effectiveness
results between studies. Existing economic evaluations of
respiratory allergy have shown that improvement in these
outcome measures resulting from immunotherapy translate
into better quality of life (12, 15, 16, 18, 20). However, there
is a need for additional economic evaluations that consider
quality of life by means of instruments such as the Rhinocon-
junctivitis Quality of Life Questionnaire (37) or the EuroQol-
5D (38). The latter instrument can be used to calculate
quality-adjusted life years and to express the cost-effective-
ness of immunotherapy in terms of the additional costs per
quality-adjusted life year gained as compared to the alterna-
tive. The cost-effectiveness of immunotherapy can then be
assessed by comparing it with the threshold value set by the
healthcare payer. For instance, the National Institute for
Health and Clinical Excellence in England and Wales uses a
threshold value of £20 000—£30 000 per quality-adjusted life
year (39), which determines which health technologies will be
recommended for use by the National Health Service.

Economic evaluations of immunotherapy for respiratory
allergy were carried out alongside clinical studies or drew on
decision-analytic modelling techniques. Analyses based on
RCTs provide a degree of internal validity, while analyses
based on observational studies reflect real-life practice. Alter-
natively, the use of modelling techniques critically depends
on the study design and the quality of data that are extracted
from the literature or other sources and are used as input in
the cost-effectiveness model (9).

Existing economic evaluations suffered from a number of
methodological limitations including small sample sizes, short
time horizon, lack of standardized effectiveness measures and
restricted scope of costs. More attention needs to be paid by
researchers to set up economic evaluations that are appropri-
ately designed to explore the cost-effectiveness of immuno-
therapy for respiratory allergy. In many existing model-based
economic evaluations, extensive sensitivity analyses have been
carried out to examine the impact of changes in input param-
eters on cost-effectiveness results. These sensitivity analyses
have corroborated the robustness of cost-effectiveness results.

When setting up future economic evaluations of immuno-
therapy for respiratory allergy, there is a need for economic
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evaluations based on high-quality prospective and long-term
clinical studies comparing immunotherapy with pharmaco-
therapy in real-life practice, especially for allergic conjunctivi-
tis. Future studies also need to validate the few current
results on the cost-effectiveness of immunotherapy for
allergic rhinitis and for asthma. Additional research is
required to calculate the cost-effectiveness of sublingual vs
subcutaneous immunotherapy for respiratory allergy.

Conclusions

The international literature suggests that immunotherapy is
cost-effective as compared with pharmacotherapy for allergic
rhinoconjunctivitis and for allergic rhinitis in combination
with asthma. Subcutaneous immunotherapy appears to be
cost-effective for allergic rhinitis. One economic evaluation
suggested that immunotherapy as compared with
pharmacotherapy is unlikely to be cost-effective for asthma.
The reader should note that this evidence originated from a
limited number of economic evaluations that suffered from a
number of methodological shortcomings. The question of the

Simoens

cost-effectiveness of sublingual vs subcutaneous immunother-
apy has not been resolved to date. No economic evaluation
has examined the cost-effectiveness of immunotherapy for
allergic conjunctivitis.
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