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Introduction

Allergic rhinitis (AR) is a serious public health problem 
worldwide and one of the most common chronic diseases that 
affects the daily life of patients, causes severe symptoms and 
major disabilities.1,2 AR occurs in people from all countries, 
ethnicities and age groups.1 In some countries, it has been 
estimated that over 50% of the young adult population suffers 
from AR.1 Nevertheless, AR is continually increasing in sev-
eral countries, primarily in countries with a low or medium 
prevalence.1 AR is often underestimated from the health eco-
nomic perspective because its treatment is associated with 
avoidable, low direct costs. However, the direct costs of AR 
are not apparent, and there may be substantial indirect costs.3 
The total cost (direct, indirect and intangible) of AR in 
Germany was 240 million € in 2000.4

Several studies have determined or estimated the finan-
cial burden of AR in different countries. The efficacies of 

different therapeutic options for AR have also been com-
pared. However, there is a lack of health economic studies 
evaluating the therapeutic options for AR in terms of their 
effectiveness and costs. Therefore, we aimed to assess the 
cost-effectiveness of clinically relevant treatment options for 
AR using evidence-based literature, the uniform German 
Value Scale 2014 of otolaryngologists,5 and German 
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pharmacy prices.6 In addition, we created a health economics 
based recommendation for the treatment of AR.

Materials and methods

A literature search was performed using MEDLINE via 
PubMed to identify relevant articles in English published 
from 2009 to 2014 that were appropriate for the comparison 
of the effectiveness of different treatment options (systemic 
and local). If any article in this period did not fulfill the 
inclusion criteria, we considered studies from 2000 to 2009. 
If we did not find an appropriate study, we searched for the 
most recent publications before these periods that reported 
treatment options.

We used several search terms, and the keywords were 
matched to database-specific indexing terms. We used the 
operators AND and OR to link keywords with different and 
similar meanings.

Selection criteria

Studies were included in the present analysis if they met the 
following inclusion criteria:

1. A randomized controlled trial,
2. Must contain at least one placebo control group,
3. Must use a symptom score,
4. All AR patients enrolled in study must be adult 

(⩾18 years).

Studies involving region/country-specific allergens (e.g. 
Texas mountain cedar pollen or Japanese cedar pollen) were 
excluded.

Two raters independently applied the inclusion and exclu-
sion criteria and extracted the therapeutic options (interven-
tion groups) and results of the symptom scores from the final 
set of eligible studies by screening the full-text articles. Any 
discrepancies were resolved by discussion. Because the 
highest quality study for each treatment option should be 
used, we initially used the Oxford scale to assess the quality 
of the studies.7 The study that achieved the highest score for 
a particular treatment option was used. In addition, the qual-
ity of studies was assessed using the CONSORT statement 
(CONsolidated Standards of Reporting Trials).8 After the 
examination, if no difference was observed in the quality of 
the studies between trials, the study with the most relevance 
to the cost-effectiveness analysis was selected.

Each individual symptom score was examined closely for 
scaling and characterization after the highest methodological 
evidence was selected for each therapeutic option. To compare 
the therapeutic options, we needed a uniform method to scale 
the scores. Because the most common scale used in the selected 
studies was a 4-point scale (0–3),9–15 we used this scale for 
effectiveness with the following coding: 0 = no symptoms, 
1 = mild symptoms, 2 = moderate symptoms and 3 = severe 

symptoms. We converted all other scales, such as 6-point scales 
or percentages, to this 4-point scale (Online Appendix 1).

The therapeutic options were divided into three new 
groups according to the type of application or the therapeutic 
aim for the cost-effectiveness comparisons: “immunothera-
pies,” “systemic therapies,” and “local therapies” (Figure 1).

Costs and cost-effectiveness

The direct costs of each medical therapy were identified for 
the economic evaluation of the different treatments. We 
identified the medications used to treat AR (substances) as 
well as the dosage and method of administration. 
Subsequently, the current German pharmacy selling prices 
were determined according to drug price regulation 
(WEBAPO® Infosystem—Lauer Fischer Taxe® Dr Mack-
Straße 95, 90762 Fürth)6 of the individual drugs from 1 
January 2015. The nasal spray that included ipratropium bro-
mide (anticholinergic) could not be found in the WEBAPO 
database because this spray was not licensed at the time of 
inquiry in Germany. Therefore, the anticholinergic therapies 
were excluded from the economic evaluation. In one study, 
the patients were treated surgically using kalium titanyl 
phosphate (KTP) laser to control the perennial AR symp-
toms in minimally invasive fashion. In this study, the ante-
rior one-fourth of the inferior turbinate was removed with a 
KTP laser on one side; the other side was untreated and acted 
as a control.16 Because the drug therapies were considered an 
out-patient treatment, we used only the costs of the ambula-
tory based on the Uniform Value Scale (“Einheitlicher 
Bewertungsmaßstab”—EBM) system.5 Furthermore, we 
identified additional medical services, laboratory tests, or 
other therapies in the selected studies and calculated the 
costs in the same way (according to EBM). All costs are 
reported in Euros for currency year 2015. The costs were not 
discounted, as they were based on the current medication 
price.

To compare the effectiveness and costs of the therapeutic 
options, we also determined the costs scaled by 33% or based 
on a score of 1.0 for each therapeutic option. For example, if 
a therapy had a cost of “Y” and a score of 0.5 points, we 
assumed that the cost would be multiplied by 2 (1.0/0.5 = 2) 
(Y × 2) to obtain the cost for an improvement of 1.0 points. 
According to this principle, an amount in Euros was deter-
mined for each treatment, which represents 33% of the cost 
of the symptom scores.

Sensitivity analysis

We also performed 10% sensitivity analyses to assess the 
uncertainty of the outcomes. The three main treatment groups 
(immunotherapy, oral therapy and local therapy) were con-
sidered individually in the sensitivity analyses. The score-
value of the most cost-effective therapy in each group was 
reduced by 10%, and the score-value of the other therapies 
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was increased by 10%.17 Subsequently, these score-values 
were assigned to costs, and a comparable value was calcu-
lated for the improvement of the score to 1.0. Thus, it should 
be determined whether inaccuracies in the score-values (e.g. 
distortion through conversions and incorrect documentation) 
would lead to a change in the result.

Side effects and discontinuations

The risks and complications associated with the treatments 
were critically discussed in the context of the cost-effective-
ness results. Therefore, the side effects and number of treat-
ment discontinuations (drop-outs) were identified for each 
treatment option. Both sets of information were, as much as 
possible, taken directly from the selected studies.

Results

The titles and abstracts were screened after the duplicates 
were removed, resulting in 277 potentially relevant articles. 
Based on the screening of the full-text articles, 29 articles 
fulfilled the inclusion criteria. A flow diagram of the search 
and selection strategy is shown in Figure 2. The quality of 
these studies was assessed using the Oxford scale  
and CONSORT statement, and the highest quality study 
associated with each of the 11 treatment options was  
selected.9–16,18–20 An overview of the symptom score-value 
for the medical therapies compared with the placebo is pro-
vided in Table 1.

To determine the most effective therapy, we compared the 
most effective therapies in each of the main treatment groups 
together. The oral steroid therapy had the highest score of all 
the therapies (−1.59), and surgical therapy (−0.98; local ther-
apy) achieved the second-best score. Although sublingual 
immunotherapy showed the best effectiveness of all the 
immunotherapies, the score (0.45) showed that sublingual 
immunotherapy was not as effective as the second most 
effective local and oral therapy (chromones and leukotriene 
receptor antagonists).

The most favorable treatment was local therapy with anti-
histamines (0.91 €). Treatments with local steroids (3.36 € 
and 3.64 €) and oral antihistamines (4.20 €) were the next 
most favorable treatments. The immunotherapies were the 
most expensive treatments. However, a large price difference 
in the immunotherapies was observed. The cost of the most 
favorable immunotherapy (666.23 €; sublingual immuno-
therapy) was 20-fold higher than that of the most expensive 
oral and local therapies (32.48 €; rupatadine, 20 mg). Table 2 
shows the direct costs of the therapies.

Cost-effectiveness analysis

Immunotherapy. The analyses of the various immunothera-
pies showed that IgE-antibody therapy was clearly the least 
cost-effective treatment (9510.67 € for two injections and 
14,266.01 € for three injections). The costs of two and three 
injections of this therapy were 5-fold higher than the costs of 
the two other therapies. Although the cost difference between 

Figure 1. Distribution of treatment options for allergic rhinitis.
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the sublingual (1479.03 €) and subcutaneous (1830.15 €) 
immunotherapies was much lower, it still amounted to 
351.12 €.

Oral therapy. The most cost-effective therapy in this group 
was oral steroids. Although the therapy with leukotriene 
receptor antagonists showed a high degree of effectiveness, 
it was not very cost-effective due to its very high costs.

Local therapy. Local antihistamines were the most cost-effec-
tive therapies due to their very low cost and good therapeutic 
effects. Surgery was the least cost-effective therapy, although 
it had the best therapeutic effect. Although the chromone 
therapy was rather effective, it was much less cost-effective 
because of its high cost.

Total. The local therapy with antihistamines was the most cost-
effective therapy of all the therapies. However, oral therapy 
with steroids had the best therapeutic effect and the second-
best cost-effectiveness among the other therapies. Immuno-
therapies showed the least cost-effectiveness (Table 2).

Sensitivity analysis

Table 3 shows the results of the 10% sensitivity analysis for 
each therapy. Immunotherapy approached the costs of the 
sublingual and subcutaneous therapies, but sublingual immu-
notherapy remained the most cost-effective treatment. The 
difference between the IgE-antibody therapy and the two 

other therapies was clear, and there was no change in the 
results even after the 10% sensitivity analysis was per-
formed. The results of the 10% sensitivity analysis showed 
that the cost difference between oral steroid therapy as the 
most cost-effective therapy and the other two therapies in the 
oral therapy group was not changed. The local antihista-
mines were the most cost-effective local therapy. The 10% 
sensitivity analysis did not change the results in the local and 
oral therapy groups.

In summary, this analysis showed that the results of the 
sublingual and subcutaneous immunotherapies were similar, 
but the slight variations in the symptom scores persisted. The 
two other forms of therapy (systemic and local therapy) 
included oral steroid and local antihistamines which were 
found to be significantly more cost-effective, and no signifi-
cant convergence of the results was found even after the 10% 
sensitivity analysis was performed.

Side effects

We also examined the side effects of the therapies in each 
group.

Immunotherapy. Sublingual immunotherapy had a slight 
advantage over subcutaneous immunotherapy and a signifi-
cant advantage over IgE-antibody therapy with respect to 
side effects. Overall, the sublingual immunotherapy was 
very well tolerated. There was a relatively small difference 
in the frequency of side effects between the therapy and 

Figure 2. PRISMA flow diagram for the review process to select studies.
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placebo groups. Itching and impairment of sensation were 
reported more than all the other side effects associated with 
sublingual immunotherapy. When comparing the number of 
withdrawals due to side effects, there was a small difference 
between the treatment groups (11/8 patients). In contrast, the 
ratio of side effects from the subcutaneous treatment was 
somewhat different. In fact, 70.2% of the patients in the ther-
apy group and 47% of the patients in the placebo group expe-
rienced at least one adverse event. The number of patients 
who withdrew from subcutaneous treatment was higher 
(24/12 patients) than the number who withdrew from sublin-
gual therapy. The side effects associated with subcutaneous 
injections are well known (e.g. erythema). However, IgE-
antibody therapy showed the best side-effect profile. There 
was no significant difference in side effects between the 
therapy group (37% of patients) and the placebo group (36% 
of patients). Regarding treatment discontinuation, more pla-
cebo patients discontinued treatment (3/8 patients, mainly 
due to an unsatisfactory therapeutic effect).

Sublingual immunotherapy is considered the method of 
choice due to its cost-effectiveness and better side-effect 
profile than subcutaneous immunotherapy. Although the 
IgE-antibody therapy has the best side-effect profile, it is not 
recommended due to its very poor efficacy and high cost.

Oral therapy. Steroid therapy was significantly more cost-
effective than treatments with antihistamines (cetirizine) and 
leukotriene receptor antagonists in the oral therapy groups. 
However, there was a substantial difference in the side 
effects between the treatment and placebo groups (28/7 
patients). Insomnia, mood disturbances, increased appetite, 
and headaches occur almost exclusively in this treatment 
group. However, there were no significant differences in the 
number of treatment discontinuations, but treatment with 
oral antihistamines had a significantly better side-effect pro-
file. According to the study, there was no significant differ-
ence in the number of side effects. A significant increase in 
sleepiness was reported by only the patients in the treatment 
group. However, this side effect occurred primarily in 
patients treated with rupatadine (first-generation antihista-
mine). However, in patients treated with the more cost-effec-
tive drug cetirizine (second-generation antihistamine), the 
difference compared with the placebo group was signifi-
cantly reduced. There was no significant difference between 
treatment groups with respect to treatment discontinuation. 
Although the leukotriene receptor therapy showed the over-
all worst cost-effectiveness, it exhibited a very good side-
effect profile. The incidence of side effects in the treatment 
group (11.5% of patients) and the placebo group (8.6% of 

Table 2. Direct medical costs and cost-effectiveness analysis.

Study ID Treatment option Active substance Direct medical 
costs (€)

Costs (€) to improve 
score to 1.0

Du Buske et al.10 Subcutaneous 
immunotherapy

Grass MATA MPL standardized units 750.06 1830.15

Nelson et al.11 Sublingual 
immunotherapy

2800 bioequivalent allergen units 
of standardized Timothy Grass AIT 
treatment

666.23 1479.03

Ädelroth et al.9 IgE-Antibody 300 mg of recombinant humanized 
murine antibody (rhumAb-E25)

a) 2 Inj: 1,998.04
B) 3 Inj: 2,997.06

a) 9510.67
b) 14,266.01

Ciebiada et al.13 Leukotriene 
receptor antagonists

Montelukast 10 mg 20.58 31.69

Marmouz et al.12 Oral antihistamines a) Rupatadine 10 mg
b) Rupatadine 20 mg
c) Cetirizine 10 mg

a) 16.24
b) 32.48
c) 4.20

a) 70.64
b) 104.91
c) 18.27

Hissaria et al.18 Oral steroid Prednisolone 50 mg 7.70 4.85
Kunachak et al.16 Surgery KTP laser (12 watts) in a 

continuous noncontact mode; total 
energy:121–440 J

111.53 113.76

Patel et al.14 Local antihistamines 2 sprays per nostril of: 0.1% azelastine 
hydrochloride solution (137 µg/spray)

0.91 1.98

Bende et al.15 Local steroid a) BANS 256 µg
b) BANS 128 µg
c) MF 200 µg

a) 7.28
b) 3.64
c) 3.36

a) 21.77
b) 11.54
c) 12.00

Cohan et al.19 Chromone 4% solution of cromolyn sodium: 
0.13 ml per spray

9.88 13.73

Meltzer et al.20 Anticholinergic Ipatropium bromide 21 µg
Ipatropium bromide 42 µg

– –

MATA: Modified Allergen Tyrosine Adsorbate; MPL: monophosphoryl lipid A; AIT: allergy immunotherapy tablet; Inj: injections; KTP: kalium titanyl phos-
phate; BANS: budesonide aqueous nasal spray.
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patients) was comparable, and the number of patients who 
discontinued treatment was only slightly different (5/1 
patient). Overall, the oral steroids were the most cost-effec-
tive, but they had significantly more side effects than the 
other two forms of therapy.

Local therapy. All three pharmaceutical therapies (local antihis-
tamines, topical steroids and chromones) were well tolerated 
and showed similar side-effect profiles. There were no signifi-
cant differences in the number of side effects or in the number 
of treatment discontinuations between the treatment and pla-
cebo groups for all three treatments. The patients who under-
went surgery did not show relevant post-operative pain or 
bleeding. None of the patients who underwent surgery discon-
tinued treatment, and only five patients were lost to follow-up. 
As all therapies have similar side-effect profiles, the most cost-
effective therapy, local antihistamines, is recommended.

Discussion

We assessed the cost-effectiveness of clinical therapeutic 
options for AR and also evaluated the side effects of these 
therapies. This study showed that only the comparison 
between the causal and symptomatic therapies could be per-
formed for all AR therapeutic options. Of the symptomatic 
therapies (local and oral), which had fewer side effects and 
similarly good effectiveness, the local therapies are prefera-
ble from a health economic perspective. Thus, treatment 
with local antihistamines or topical steroids should be 
regarded as the method of choice, and sublingual therapy is 
the first choice among the causal therapies.

Only a small number of publications have focused specifi-
cally on the cost-effectiveness of the therapeutic options for 

AR. The study by Lange et al.21 evaluated three different local 
therapies (local steroids, chromones and local antihistamines) 
regarding their effectiveness and cost-effectiveness, and it 
was methodologically similar to our study. However, they 
showed that the local steroids (mometasone nasal spray) were 
significantly more effective and cost-effective than the local 
antihistamines (levocabastine; second-best result) and chr-
omones (cromolyn sodium; third-best result). This result may 
be due to a different definition of treatment success. However, 
this result is in accordance with the results of the critical eval-
uation of local therapies in cost-effectiveness analyses.

There are several limitations to this study. We searched 
MEDLINE via PubMed and used several keywords matched 
to database-specific indexing terms; thus, certain publication 
of therapeutic options of AR may have been overlooked. 
However, we selected a study with highest quality for each 
treatment option, but the selection of only one study for each 
treatment option may have influenced our results. We did not 
identify a study on treatment with oral steroids that met all 
the criteria for inclusion in the literature search, likely 
because oral steroids are a relatively old medication, widely 
used at a time when the quality requirements for drug trials 
were not as high as they are today. We found only studies in 
which the patients were treated with nasal polyps and chronic 
rhinosinusitis. Because the study by Hissaria et al.18 had the 
largest number of participants with an allergy (95%) and also 
met all the inclusion and exclusion criteria, the study was 
used for the cost-effectiveness comparison in this study.

Conclusion

The selected studies used very different symptom scores with 
different scales and a different number of rated symptoms. 

Table 3. Sensitivity analysis.

Study ID Treatment option Costs (€) to 
improve score 
to 1.0

Original 
score

Score (−) 
10%

Score (+) 
10%

Costs (€) to improve 
score to 1.0 after ± 10% 
score change

Du Buske et al.10 Subcutaneous 
immunotherapy

1830.15 −0.41 – −0.45 1665.13

Nelson et al.11 Sublingual 
immunotherapy

1479.03 −0.45 −0.41 – 1625.60

Ädelroth et al.9 IgE-Antibody a) 2 Inj: 9,510.67
b) 3 Inj: 14,266.01

−0.21 – −0.23 a) 8694.47
b) 13,037.21

Ciebiada et al.13 Leukotriene receptor 
antagonists

31.69 −0.65 – −0.72 28.61

Marmouz et al.12 Oral antihistamines 18.27 −0.23 – −0.25 16.80
Hissaria et al.18 Oral steroid 4.85 −1.59 −1.43 – 5.39
Kunachak et al.16 Surgery 113.76 −0.98 – −1.08 103.72
Patel et al.14 Local antihistamines 1.98 −0.48 −0.43 – 2.12
Bende et al.15 Local steroid 11.54 −0.315 – −0.35 10.41
Cohan et al.10 Chromone 13.73 −0.72 – −0.79 12.55
Meltzer et al.20 Anticholinergic – −0.15 – – –

Inj: Injections.
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Because there is no uniform international standard for symp-
tom scores in diseases of the nose and sinuses, a standard uni-
form nasal symptom score would enable researchers to better 
compare the results of different treatment options.
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