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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

(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: (i) 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.

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

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 

Exclusion because of: 

- an intervention that did not focus on 
immunotherapy; 

- 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; 

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

- articles published prior to 1995. 

18 abstracts retrieved  69 abstracts retrieved  

12 full articles 
retrieved 

34 full articles retrieved

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

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.
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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

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

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.

Acknowledgments

Financial support for this study was received from the

Belgian National Institute for Health and Disability

Insurance. The author would like to thank Valérie Storms

for her contribution to the identification of relevant studies.

Author contributions

SS designed and carried out the literature review and wrote

the manuscript.

Conflict of interest

The author has no conflicts of interest that are directly

relevant to the content of this manuscript.

References

1. Brozek JL, Bousquet J, Baena-Cagnani CE,

Bonini S, Canonica GW, Casale TB et al.

Allergic rhinitis and its impact on asthma

(ARIA) guidelines: 2010 revision. J Allergy

Clin Immunol 2010;126:466–476.

2. Simoens S, Laekeman G. Pharmacotherapy

of allergic rhinitis: a pharmaco-economic

approach. Allergy 2009;64:85–95.

3. Meltzer EO, Bukstein DA. The economic

impact of allergic rhinitis and current

guidelines for treatment. Ann Allergy Asthma

Immunol 2011;106:S12–S16.

4. Goetzel RZ, Long SR, Ozminkowski RJ,

Hawkins K, Wang S, Lynch W. Health,

absence, disability, and presenteeism cost

estimates of certain physical and mental

health conditions affecting U.S. employers.

J Occup Environ Med 2004;46:398–412.

5. Hellgren J, Cervin A, Nordling S, Bergman

A, Cardell LO. Allergic rhinitis and the

common cold–high cost to society. Allergy

2010;65:776–783.

6. Incorvaia C, Masieri S, Berto P, Scurati S,

Frati F. Specific immunotherapy by the sub-

lingual route for respiratory allergy. Allergy

Asthma Clin Immunol 2010;6:29.

7. Walker SM, Durham SR, Till SJ, Roberts

G, Corrigan CJ, Leech SC et al. Immuno-

therapy for allergic rhinitis. Clin Exp Allergy

2011;41:1177–1200.

8. Drummond M, Brown R, Fendrick AM,

Fullerton P, Neumann P, Taylor R et al.

Use of pharmacoeconomics information–

report of the ISPOR Task Force on use of

pharmacoeconomic/health economic infor-

mation in health-care decision making. Value

Health 2003;6:407–416.

9. Drummond M, Sculpher MJ, Torrance GW,

O’Brien BJ, Stoddart GL. Methods for the

Economic Evaluation of Health Care Pro-

grammes, edn 3. Oxford: Oxford University

Press, 2005.

10. Ariano R, Berto P, Tracci D, Incorvaia C,

Frati F. Pharmacoeconomics of allergen

immunotherapy compared with symptomatic

drug treatment in patients with allergic rhini-

tis and asthma. Allergy Asthma Proc

2006;27:159–163.

11. Ariano R, Berto P, Incorvaia C, Di CG,

Boccardo R, La GS et al. Economic

evaluation of sublingual immunotherapy vs.

symptomatic treatment in allergic asthma. Ann

Allergy Asthma Immunol 2009;103:254–259.

12. Bachert C, Vestenbaek U, Christensen J,

Griffiths UK, Poulsen PB. Cost-effectiveness

of grass allergen tablet (GRAZAX) for the

prevention of seasonal grass pollen induced

rhinoconjunctivitis – a Northern European

perspective. Clin Exp Allergy 2007;37:

772–779.

13. Berto P, Bassi M, Incorvaia C, Frati F,

Puccinelli P, Giaquinto C et al. Cost effec-

tiveness of sublingual immunotherapy in

children with allergic rhinitis and asthma.

Eur Ann Allergy Clin Immunol 2005;37:

303–308.

14. Berto P, Passalacqua G, Crimi N, Frati F,

Ortolani C, Senna G et al. Economic

evaluation of sublingual immunotherapy vs

symptomatic treatment in adults with

pollen-induced respiratory allergy: the Sub-

lingual Immunotherapy Pollen Allergy Italy

(SPAI) study. Ann Allergy Asthma Immunol

2006;97:615–621.

15. Bruggenjurgen B, Reinhold T, Brehler R,

Laake E, Wiese G, Machate U et al. Cost-

effectiveness of specific subcutaneous immu-

notherapy in patients with allergic rhinitis

and allergic asthma. Ann Allergy Asthma

Immunol 2008;101:316–324.

16. Canonica GW, Poulsen PB, Vestenbaek U.

Cost-effectiveness of GRAZAX for preven-

tion of grass pollen induced rhinoconjuncti-

vitis in Southern Europe. Respir Med

2007;101:1885–1894.

17. Creticos PS, Reed CE, Norman PS, Khoury

J, Adkinson NF Jr, Buncher CR et al. Rag-

weed immunotherapy in adult asthma. N

Engl J Med 1996;334:501–506.

18. Keiding H, Jorgensen KP. A cost-effective-

ness analysis of immunotherapy with SQ

allergen extract for patients with seasonal

allergic rhinoconjunctivitis in selected Euro-

pean countries. Curr Med Res Opin

2007;23:1113–1120.

19. Mauro M, Russello M, Alesina R, Sillano

V, Alessandrini A, Dama A et al. Safety and

pharmacoeconomics of a cluster administra-

tion of mite immunotherapy compared to

the traditional one. Eur Ann Allergy Clin

Immunol 2006;38:31–34.

20. Nasser S, Vestenbaek U, Beriot-Mathiot A,

Poulsen PB. Cost-effectiveness of specific

immunotherapy with Grazax in allergic rhi-

nitis co-existing with asthma. Allergy

2008;63:1624–1629.

21. Omnes LF, Bousquet J, Scheinmann P,

Neukirch F, Jasso-Mosqueda G, Chicoye A

et al. Pharmacoeconomic assessment of spe-

cific immunotherapy versus current symp-

tomatic treatment for allergic rhinitis and

© 2012 John Wiley & Sons A/S

Cost-effective immunotherapy for respiratory allergy Simoens



asthma in France. Eur Ann Allergy Clin

Immunol 2007;39:148–156.

22. Petersen KD, Gyrd-Hansen D, Dahl R.

Health-economic analyses of subcutaneous

specific immunotherapy for grass pollen and

mite allergy. Allergol Immunopathol (Madr)

2005;33:296–302.

23. Pokladnikova J, Krcmova I, Vlcek J.

Economic evaluation of sublingual vs

subcutaneous allergen immunotherapy. Ann

Allergy Asthma Immunol 2008;100:

482–489.

24. Schadlich PK, Brecht JG. Economic

evaluation of specific immunotherapy versus

symptomatic treatment of allergic rhinitis in

Germany. Pharmacoeconomics 2000;17:37–

52.

25. Berto P, Frati F, Incorvaia C. Economic

studies of immunotherapy: a review. Curr

Opin Allergy Clin Immunol 2008;8:

585–589.

26. Ciprandi G, Agostinis F, Amoroso S, Ari-

ano R, Barbato A, Bassi M et al. Economic

evaluation of sublingual immunotherapy: an

analysis of literature. Eur Ann Allergy Clin

Immunol 2007;39:21–26.

27. Hagen A, Gorenoi V, Schonermark MP.

Specific immunotherapy (SIT) in the treat-

ment of allergic rhinitis. GMS Health Tech-

nol Assess 2010;6:Doc01.

28. Incorvaia C, Agostinis F, Amoroso S, Ari-

ano R, Barbato A, Bassi M et al. Pharmaco-

economics of subcutaneous allergen

immunotherapy. Eur Ann Allergy Clin Immu-

nol 2007;39:17–20.

29. Incorvaia C, Ariano R, Berto P, Ciprandi

G, Leo G, Boccardo R et al. Economic

aspects of sublingual immunotherapy. Int J

Immunopathol Pharmacol 2009;22:27–30.

30. Reed SD, Lee TA, McCrory DC. The eco-

nomic burden of allergic rhinitis: a critical

evaluation of the literature. Pharmacoeco-

nomics 2004;22:345–361.

31. Poulsen PB, Pedersen KM, Christensen J,

Vestenbaek U. Economic evaluation of a

tablet-based vaccination against hay fever in

Denmark. Ugeskr Laeger 2008;170:138–142.

32. Valovirta E, Berstad AK, de BJ, Bufe A,

Eng P, Halken S et al. Design and recruit-

ment for the GAP trial, investigating the

preventive effect on asthma development of

an SQ-standardized grass allergy immuno-

therapy tablet in children with grass pollen-

induced allergic rhinoconjunctivitis. Clin

Ther 2011;33:

1537–1546.

33. Durham SR, Emminger W, Kapp A, de

Monchy JG, Rak S, Scadding GK et al. SQ-

standardized sublingual grass immunother-

apy: confirmation of disease modification

2 years after 3 years of treatment in a ran-

domized trial. J Allergy Clin Immunol

2012;129:717–725.

34. Wilson DR, Lima MT, Durham SR. Sublin-

gual immunotherapy for allergic rhinitis: sys-

tematic review and meta-analysis. Allergy

2005;60:4–12.

35. Blaiss MS. Allergic rhinitis and impairment

issues in schoolchildren: a consensus report.

Curr Med Res Opin 2004;20:1937–1952.

36. Blanc PD, Trupin L, Eisner M, Earnest G,

Katz PP, Israel L et al. The work impact of

asthma and rhinitis: findings from a popula-

tion-based survey. J Clin Epidemiol

2001;54:610–618.

37. Juniper EF, Guyatt GH. Development and

testing of a new measure of health status for

clinical trials in rhinoconjunctivitis. Clin Exp

Allergy 1991;21:77–83.

38. The EuroQol Group. EuroQol–a new facility

for the measurement of health-related qual-

ity of life. Health Policy 1990;16:199–208.

39. Raftery J. Review of NICE’s recommenda-

tions, 1999–2005. BMJ 2006;332:1266–1268.

© 2012 John Wiley & Sons A/S

Simoens Cost-effective immunotherapy for respiratory allergy


