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Abstract
Purpose Real-world evidence (RWE) with regard to al-
lergen-specific immunotherapy (AIT) adherence is in-
creasingly available. Economic modelling has already
shown AIT to be cost-effective in the treatment of al-
lergic rhinitis compared with symptomatic treatment.
However, analyzing sublingual (SLIT) and subcuta-
neous (SCIT) immunotherapeutic approaches based
on RWE adherence data are not available for Germany.
This analysis outlines the cost-effectiveness of SCIT
compared with SLIT as well as a symptomatic treat-
ment modality on the basis of recent RWE adherence
data.
Methods A Markov model, with predefined disease
stages and a time period of 9 years, was adapted
for this analysis. A 6-grass subcutaneous allergoid
SCIT preparation and a 5-grass pollen SLIT tablet was
employed as AIT administrations. Quality-adjusted
life years (QALYs) were calculated based on symp-
tom scores and used as the effectiveness variable.
Total costs and cost effectiveness of SCIT, SLIT and
symptomatic treatment (ST) were calculated. Model
uncertainties were estimated by means of additional
sensitivity analyses. Applied discount rate was 3%.
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Results Both SCIT and SLIT preparations proved su-
perior compared to symptomatic treatment with re-
gard to effectiveness. Although more expensive, AIT
also proved to be cost-effective. A direct compari-
son of SCIT (Allergovit®) and SLIT (Oralair®) showed
lower total costs for SCIT treatment over the study pe-
riod of 9 years (SCIT 1779� versus SLIT 2438�) and
improved effectiveness (SCIT 7.17 QALYs versus SLIT
7.11 QALYs).
Conclusion AIT represents a cost-effective treatment
option for patients with allergic rhinitis compared
with symptomatic treatment. SCIT appeared to be
dominant and cost-effective, due in particular to
higher patient adherence and lower drug costs.
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rhinitis · Economic modelling

Abbreviations
AA Allergic asthma
AIT Allergen-specific immunotherapy
AR Allergic rhinitis
CEA Cost effectiveness analyses
EBM Einheitlicher Bewertungsmaßstab (German

remuneration scheme for statutory health
insurance for accredited physicians)

INCS Intranasal corticosteroids
OAH Oral antihistamines
QALY Quality-adjusted life year
SCIT Subcutaneous immunotherapy
SLIT Sublingual immunotherapy
ST Symptomatic therapy

Background

Allergic rhinitis (AR) is a common chronic inflamma-
tory disease of the nasal mucosa associated with nu-
merous symptoms (i.e., runny, itchy, or blocked nose
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Fig. 1 Basic structure
of the underlying Markov
model [21, 22] (all patients
are at risk of death. This is
not shown in order to sim-
plify representation). AA al-
lergic asthma, SCIT sub-
cutaneous immunother-
apy, SLIT sublingual im-
munotherapy

and itchy, gritty, or watery eyes). Patients often ex-
perience reduced sleep quality, emotional problems,
and social difficulties resulting in an impaired quality
of life [1]. Furthermore, AR is frequently associated by
comorbidities such as asthma or unspecific bronchial
hyperreactivity, whereas up to 80% of asthma patients
also suffer from AR [2].

AR is provoked by sensitivity to environmental al-
lergens and recommended options for handling and
treatment comprise: (1) avoiding contact with al-
lergens, (2) symptom-relieving medications such as
oral antihistamines (OAH) and intranasal corticos-
teroids (INCS), and (3) allergen-specific immunother-
apy (AIT) [3].

AIT is a treatment strategy for patients with mod-
erate-to-severe AR that is uncontrolled by antiallergic
drugs [3]. It is effective in improving symptoms,
reducing symptom-relieving medications and com-
bined symptom and medication scores in patients
with AR with evidence suggesting that these benefits
persist after discontinuation of therapy [4]. Contin-
uous AIT for a period of at least 3 years (as recom-
mended by international guidelines) may modify the
course of the disease and achieve long-term remission
of symptoms for several years without further need
for AIT treatment [5, 6]. In this, AIT is the only treat-
ment with a disease-modifying effect in IgE-mediated
allergic diseases and can deliver long-term clinical
benefits that may persist for years after treatment
discontinuation [7–9]. Subcutaneous immunotherapy
(SCIT) has been continuously used for AIT since its
first demonstration of efficacy by Noon in 1911 [8].
SCIT is administered by a physician during recur-
rent office visits, particularly during the induction
phase with postinjection observations. Sublingual
immunotherapy (SLIT) can be administered at home
following the initial supervised office-administered
dose, which may be more convenient for certain
patients.

Both SCIT and SLIT have demonstrated good clin-
ical efficacy for the management of AR and asthma,
and the availability of both formulations offers clini-
cians and patients a wide choice of treatment options.
Since AIT requires repeated administration of the vac-
cine over a long period of, for example, 3 years in order
to achieve optimum clinical effectiveness, adherence
is a major problem, from the perspective of patients,
providers, and payers [3, 10].

It is well accepted that management of AR patients
results in a higher financial burden to patients, health-
care providers, and society [11–13].

However, economic studies are based on efficacy
data from clinical trials while adherence had to be
approximated from few observational studies due to
scarce availability of real-world data [14, 15].

In real life settings, adherence to AIT is charac-
terized by widely varying premature discontinuation
rates [16–18]. Recent results from a real world ad-
herence study of a German longitudinal prescription
database provided first comparative real-world evi-
dence on therapy adherence and asthma development
in patients receiving SCIT or SLIT for grass and tree
pollen-induced AR compared to non-AIT patients
[19].

A recent review reported strong evidence that AIT
is cost-effective in the management of AR and asthma
as compared with standard drug treatment alone [20].
The magnitude of AIT’s cost-effectiveness is likely to
be underestimated, as most of the studies considered
direct costs during active treatment periods without
incorporating long-term benefits or preventive or pro-
phylactic effects.

The objective of the present study was to ana-
lyze the cost-effectiveness of different administration
routes of AIT compared to symptom-relieving med-
ications in AR patients based on current real-world
adherence data for Germany.
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Table 1 Model calculation input data
Mortality rate for allergic asthma per year [15] 0.07% Min–max variation in

sensitivity analyses

Background mortality rate per year [15] 0.05% ±30%

Year 1 9% ±30%

Year 2 30% ±30%

Dropout rate for SCIT Allergovit® [19]

Year 3 24% ±30%

Year 1 43% ±30%

Year 2 28% ±30%

Dropout rate for SLIT Oralair® [19]

Year 3 20% ±30%

Asthma incidence per year [15, 27] 0.46% ±30%

Relative risk reduction in asthma incidence with AIT [15] 50.5% ±30%

Model assumptions

Pollen season duration [28] 4.5 Months ±30%

Costs for SCIT with Allergovit® over 3 years 1147.41� ±10%

Costs for SLIT with Oralair® over 3 years 3123.81� ±10%

AIT 15.08� ±10%Costs for loratadine per season (2019 public prices with rebate calcu-
lated according to [15]) ST 22.10� ±10%

AIT 15.06� ±10%Costs for budesonide per season (2019 public prices with rebate calcu-
lated according to [15]) ST 26.28� ±10%

Specialists quarterly consultation fee (EBM) 22.85� ±10%

Costs per SCIT injection (EBM) 11.21� ±10%

Diagnostic work-up (EBM) 28.35� ±10%

Costs attributable to allergic asthma per year [29] 292� ±50%

Number of quarterly consultation fees per year for SCIT 3 ±30%

Number of quarterly consultation fees per year for SLIT 3 ±30%

Number of injections per year for SCIT with Allergovit® [16] 7 ±30%

Cost and resource assumptions

Discount rate per year 3% ±30%

AIT allergen-specific immunotherapy, SCIT subcutaneous immunotherapy, SLIT sublingual immunotherapy, ST Symptomatic treatment

Table 2 Determination of standardized symptom scores and derivation of utility values during the pollen season in order to
determine QALYs
Study AIT symptom

score
SD Placebo symptom

Score
SD Standardized mean

difference
New standardized
symptom score (0–18)

Pollen season
utility value (0–1)

Allergovit®

Corrigan et al. (2005) [31] 166.5 114.93 218 135.39 –0.410 3.0245 0.832

Oralair®

Didier et al. (2007) [32] 3.58 2.976 4.93 3.229 –0.431 * *

Wahn et al. (2009) [33] 3.25 2.86 4.51 2.93 –0.435 * *

Didier et al. (2011) [34] 2.67 3.63 4.03 3.71 –0.370 * *

Cox et al. (2012) [35] 3.21 4.54 4.16 4.51 –0.210 * *

–0.343 (pooled) 3.26 0.819

Symptomatic treatment

Verheggen et al. [15] and additional file: meta-analysis 4.48 0.751

AIT allergen-specific immunotherapy, QALY quality-adjusted life year, SD standard deviation
* N/A due to calculation of pooled data below

Methods

Our modelling framework is adapted from modelling
approaches of previously published cost effectiveness
analyses (CEA) [15, 21, 22]. Economic comparison
was based on a product specific modeling approach,
applying a 5-grass pollen sublingual tablet for SLIT
and 6-grass subcutaneous allergoid for SCIT in AR pa-
tients.

The Markov model is based on predefined disease
stages and corresponding transition probabilities for
all treatment modalities in order to predict the long-
term course of disease in a specific patient cohort
(Fig. 1). Treatment alternatives included: SCIT, SLIT,
and symptomatic treatment (ST) alone. The Markov
model consists of a 1-year cycle length and a time
horizon of 9 years. Additional ST was allowed in both
AIT arms. AIT duration was assumed to be 3 years.
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Table 3 Per-patient costs and quality-adjusted life years over 9 years according to treatment type taking into account all
patients in a treatment arm (including those who dropped out from AIT)
Type of costs/outcomes SCIT (Allergovit®) SLIT (Oralair®) Symptomatic treatment

Undiscounted Discounted Undiscounted Discounted Undiscounted Discounted

AIT 880� 859� 1719� 1681� 0� 0�

Symptomatic treatment 339� 301� 368� 327� 434� 387�

Asthma costs 13� 11� 16� 14� 22� 19�

Visits to a medical specialist 448� 404� 431� 388� 390� 348�

Injections 181� 176� 0� 0� 0� 0�

Allergy diagnostic work-up 28� 28� 28� 28� 0� 0�

Total costs per patient 1889� 1779� 2563� 2438� 847� 754�

Total QALYs per patient 8.041 7.168 7.977 7.109 7.895 7.036

AIT allergen-specific immunotherapy, QALY Quality-adjusted life year, SCIT subcutaneous immunotherapy, SLIT sublingual immunotherapy

Patients entered the Markov cycles at a mean age
of 29 years, suffering from grass pollen-related AR or
rhinoconjunctivitis, but no allergic asthma (AA). Dur-
ing consecutive model cycles, patients were also sub-
ject to develop AA resulting with increased mortality
and reduced quality of life. The model also assumed
that incident asthmatics are suffering during the com-
plete pollen season for the following cycles. A relative
risk reduction for both SCIT and SLIT of annual AA
incidence of 0.505 was assumed [10, 11]. For those
patients who discontinued AIT prior to the end of the
3-year period, it was assumed that no quality of life
changing impact or risk-reducing effects on AA inci-
dence would be seen following AIT discontinuation
[23].

The percentage of patients who discontinued AIT
prematurely was determined on the basis of the re-
cently published study results by Vogelberg et al. [19].
It was also assumed that patients did not re-initiate
AIT following discontinuation. The grass pollen sea-
son lasts 4.5 months per year on average in Germany
[24].

Costs and use of resources

Costs for all treatment arms of the model were de-
termined from a health insurance perspective. Drug
costs for the SCIT 6-grass allergoid (preseasonal treat-
ment; Allergovit®) were obtained on the basis of the
required prescription quantities specified in the pro-
fessional expert information resulting in seven injec-
tions within three quarters of consultation (Table 1;
[25]). The number of packs required for the entire
treatment period was then calculated according to
the time period covered by each pack yielding a to-
tal number of three packs necessary for a 3 years’
treatment. According to the professional expert infor-
mation for the 5-grass pollen tablet (Oralair®), treat-
ment should be initiated 4 months prior to, and con-
tinued throughout the pollen season [26]. According
to this information, it was assumed that two packs of
90 tablets each, as well as three packs of 31 tablets
each, were required per treatment year. The num-
ber of required packs for both drugs was then mul-

tiplied by the pharmacy retail price, including value
added tax (VAT) and deducting mandatory rebates.
AIT drug costs accrued to 1147.41� for the allergoid
and 3123.81� for the tablet for the entire 3-year treat-
ment period with costs being distributed equally over
the 3 treatment years. For those patients who discon-
tinued AIT, drug costs were reduced by 50% for the
year in which treatment was discontinued.

The cost of additional symptomatic treatment
(OAH, INCS) was calculated on the basis of costs for
loratadine or budesonide. The model also involves
the costs for diagnostics, consultations, SCIT injec-
tions, and treatment costs upon onset of AA (Table 1).
In addition to this, seven injections per year with
medical specialists would occur for the SCIT arm over
the 3-year treatment duration. On average this would
result in two or three quarterly consultation fees.
Hence, conservatively three quarterly fees per year
were assumed for patients under SCIT (preseasonal
treatment). According to prescribing information for
the SLIT tablet patients have consultations over a time
period of three quarters [26]. A total of 1.9 contacts
with medical specialists in different reimbursement
quarters were assumed for all AIT patients for the time
following the 3-year AIT treatment period [5]. Allergy
diagnostic work-up was assumed to be performed in
the first year in all AIT patients prior to treatment
initiation.

Effectiveness parameters

Quality-adjusted life years (QALYs) were selected as
primary health outcome measure for therapeutic ef-
fectiveness. QALYs integrate quantity-of-life and qual-
ity-of-life impacts. Assessment of strength of prefer-
ence values for patients’ own health, or disease states
from a societal perspective result in utilities, ranging
from 0 to 1 with 1 representing perfect health. Utility
values reflecting impairment to quality of life during
the pollen season were applied from Reinhold et al.
[21]. Symptoms were assumed not being present out-
side the pollen season. In addition, the number of
new-onset cases of AAwas determined based on Shaa-
ban et al. and Verheggen et al. [15, 27].
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Fig. 2 Results of the prob-
abilistic sensitivity analysis
(PSA) on the cost-effective-
ness of SCIT versus SLIT.
QALY quality-adjusted life
year, SCIT subcutaneous
immunotherapy, SLIT sub-
lingual immunotherapy
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Model calculation outcomes

Total costs per treatment group, QALYs, and the ex-
pected number of AA cases were simulated over the
time period of 9 years. Incremental cost-effective-
ness ratios (ICER) are reported (i.e., costs per QALY
gained) in the case of additional costs—but greater
therapeutic benefit—compared with the comparative
treatments. All prognosed effects and costs were dis-
counted at a rate of 3% [30].

Sensitivity analysis

Both probabilistic and deterministic sensitivity anal-
yses were performed in order to estimate impact of
inaccuracy of assumptions. Probabilistic sensitivity
analysis was repeated 1000 times drawing value for
all variables at random (from the value ranges listed
in Table 2). In contrast, the deterministic sensitiv-
ity analysis consecutively varied individual influenc-
ing factors in themodel with minimum andmaximum
values and documented the main analysis result after
each variation.

Results

Costs

For SCIT, total 9-year per-patient treatment costs were
1779�, for SLIT 2438� and 754� per symptomatically
treated patient (Table 3). The majority of these costs
were incurred for AIT drug costs. Based on recently
observed real-world AIT discontinuation rates, 486 of
the 1000 patients initially treated completed the entire
3-year treatment period with the SCIT allergoid and
331 with the SLIT tablet. AIT drug costs for patients

being fully adherent over 3 years totaled to 1147.41�
for SCIT and 3123.81� for SLIT. Average 3-year AIT
costs (based on RWE adherence data including pa-
tients discontinuing AIT) in Germany accrued to 859�
for SCIT and 1681� for SLIT. Treatment costs for AA
were comparatively modest due to the low AA inci-
dence of 0.46% per year.

Effectiveness

Both AIT groups showed superior QALY effects com-
pared to symptomatic treatment. Patients receiv-
ing symptomatic treatment alone accumulated 7.89
(7.04) QALYs (discounted) over the modeling period,
whereas SCIT and SLIT achieved 8.04 (7.17) and 7.98
(7.11) QALYs, respectively. While AA occurred in 40
of 1000 patients receiving symptomatic treatment
only, the number of incident asthmatics is lower at
26 cases (SCIT) and 31 cases (SLIT). Thus, the re-
duction in quality of life associated with the presence
of AA becomes more relevant in the symptomatic
treatment group and results in fewer QALYs.

Cost-effectiveness

SCIT compared to SLIT is economically superior, re-
sulting in a saving of 674�. Since SCIT was also as-
sociated with better effectiveness in terms of QALYs
gained as well as with regard to number of incident
asthmatics, it is dominant over SLIT and thus cost-
effective compared to both SLIT and ST.

A direct comparison of SCIT to symptomatic treat-
ment revealed additional costs of 1042� for SCIT pa-
tients alongside with better effects, both in terms of
QALYs gained and the number of new-onset AA cases.
Costs per QALY gained (ICER) are 7118�, thereby
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Fig. 3 Results of the prob-
abilistic sensitivity analy-
sis (PSA) on the cost-ef-
fectiveness of SCIT ver-
sus symptomatic treatment.
QALY quality-adjusted life
year, SCIT subcutaneous
immunotherapy
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putting them in the range considered as cost-effec-
tive (according to internationally accepted threshold
values of maximally 50,000� per QALY gained). SLIT
also showed better effects compared with purely
symptomatic treatment at higher additional costs of
1716� and lead to a higher cost per QALY of 21,006�.

Sensitivity analysis

Cost and effectiveness results were robust in proba-
bilistic sensitivity analyses. SCIT compared to SLIT as
well as to ST showed superior effectiveness in all cases,
both in terms of additional QALYs determined and
SCIT-related savings (SCIT vs. SLIT p< 0.001; SCIT vs.
ST p< 0.001; Figs. 2 and 3). The deterministic sen-
sitivity analysis identified the variables discontinua-
tion rates, as well as the calculated AIT drug costs as
those items causing the greatest degree of uncertainty
in terms of difference of costs. With regard to QALYs
gained in the treatment groups, the variables assump-
tions on symptom scores and pollen season duration
were most influential.

Discussion

AIT is an effective treatment strategy for patients with
moderate-to-severe allergic rhinitis if patients adhere
to SCIT or SLIT regimes for more than two continu-
ous seasonal cycles [23, 36]. Nonpersistence to AIT is
associated with high costs and poor clinical outcomes
[36, 37]. Hence, adherence to treatment is essential
for improving the long-term effectiveness of treatment
in patients with allergic respiratory diseases, reducing
healthcare costs, and for minimizing the disease’s bur-
den on a patient’s life [38].

Research suggests that regular contacts between
physician and patient have a favorable implication on
adherence [19]. An Italian prospective study inves-
tigated SLIT adherence in children and adolescents
over 3 years in relation to the frequency of doctor’s
visits. Patients visiting on a regular basis showed
significantly lower withdrawal rates than those with
fewer visits [39]. As a consequence, physician in-
volvement and frequency of interaction between the
patients and physician support better adherence [40].
With the understanding that adherence depends on
settings and administration of selected AITs, it is best
to be analyzed under uncontrolled real-life settings
[40].

A recent real-world evidence (RWE) study gener-
ated adherence data for Germany, which we used to
populate and to adapt an established cost effective-
ness model [19, 21]. SCIT adherence in this RWE study
in Germany was >60% at the end of the second and
>35% at the completion of the third year for grasses.
Adherence to SLIT was significantly lower both at
2 years (29.6–33.7%) and after 3 years (9.6–13.4%) for
grass [19]. Based on these recent real-world data on
adherence for preseasonal and seasonal AIT regimes,
the model results suggest that a treatment of patients
with pollen-induced rhinoconjunctivitis or AR using
SCIT is both more effective and provides a better
cost-effectiveness compared to a SLIT or a purely
symptomatic treatment.

Patient relevant outcomes differences in QALYs
could be identified as follows: patients receiving
symptomatic treatment alone accumulated 7.89 QALYs
over the modeling period, whereas SCIT and SLIT
achieved 8.04 and 7.98 QALYs, respectively. These
differences in QALYs are primarily due the differences
in the percentage of patients completing the entire
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3-year SIT treatment period, and thereby profiting
from the quality of life-enhancing and AA incidence-
lowering effects of AIT [41].

Simulated incremental cost-effectiveness ratios
(ICER) are in line with recently published data. How-
ever, compared to Di Bona et al. reporting an ICER
of 11,418� for SCIT and 15,212� for SLIT, our results
based on recent and representative RWE adherence
data revealed a more superior cost-effectiveness of
SCIT [42]. This might be due to differing assumptions
compared to Di Bona et al.: first, we are not con-
sidering indirect costs, for example, valuing patient
time on a monetary basis when visiting the doctor for
injections as these are not considered by health in-
surance companies; second, different from our model
Di Bona et al. assumed no diminishing of AIT efficacy
when withdrawal from treatment occurred and third,
we applied a half-cycle correction, i.e., those discon-
tinuing in the first year were assumed to be valued at
50% only instead of the 100% in Di Bona’s analysis.

Vogelberg et al. observed a higher probability of de-
veloping asthma with SLIT compared to SCIT. How-
ever, we assumed a similar allergic asthma incidence
in our modelling [19]. Hence, incorporating these dif-
ferences would have been further advantageous for
SCIT.

Several research teams have postulated that a clin-
ically relevant effect of AIT is dependent on treatment
duration achieved. If full treatment success is ex-
pected with at least three continuous seasonal cycles
only [23, 36], early patient discontinuation consider-
ably impacts the midterm cost-effectiveness of AIT, as
the investment in year one or even year two without
reaching year three could be considered a lost op-
portunity and nonrecoverable cost. However, to our
knowledge no reliable clinical effectiveness data on
a long-term annual basis are yet available to simulate
this impact in an economic model.

Our findings are based on established health eco-
nomic model calculations previously published by
Reinhold et al. [7], who based the modeling frame-
work on earlier versions of Verheggen et al. [15]
and Westerhout et al. [22]. Comparable to Reinhold
et al. we applied a product-based comparison for
Germany instead of a SCIT treatment mix, which
appears a more transparent comparison given the
heterogeneity of individual SCIT preparations avail-
able on the market. Based on most recent data from
country-specific pollen season information databases
we could also adopt the length of the pollen season
of Reinhold et al. of 4.5 months [21, 28].

Our analysis might be subject to limitations. Cost of
asthma had to be annualized in this model based on
AR and AA data from a 2003 study by Schramm et al.,
as more recent cost of disease data were not available
[29]. This study concluded that the annual direct cost
of treatment for adults with AR and SAR totals to 861�
resulting in an annualized current value of 1162�, of
which 292� were attributable to AA.

We assumed 7 injections for administering SCIT.
In the clinical trial by Corrigan et al. seven plus two
maintenance injections were applied. However, even
when using nine injections, the ICER of SCIT com-
pared to ST changed from 7118� to 7470� only [31].

Furthermore, our model does not consider indirect
costs, e.g., attributed to productivity loss, as this is
not considered relevant from a third-party payor’s per-
spective in Germany.

Our model covers adult patients only. In general
nonadherence is more common among adolescents
[43]. Based on recent RWE adherence to SCIT is the
highest in children, followed by adolescents, whereas
adolescent SLIT patients show a lower adherence [19]
Hence, the observed higher efficiency for SCIT in adult
patients might be evenmore pronounced for nonadult
patients.

Finally, due to scarcity of more granular clinical ef-
ficacy data our model does not account for partial
annual treatment effects for those patients not being
adherent over the full AIT course of 3 years.

Conclusion

Based on recent real-world evidence adherence data
a SCIT allergoid preparation and a SLIT tablet were
shown to be cost-effective in the treatment of pa-
tients with AR compared to symptomatic treatment
alone in Germany. In our analysis, the SCIT treat-
ment exhibits a better incremental cost-effectiveness
than the SLIT tablet when compared to symptomatic
treatment. A main reason for this is the difference in
adherence to treatment in real life.
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