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Background: People with allergic rhinitis (AR) who are not controlled on conventional 
therapy can be treated using allergy immunotherapy (AIT) administered as tablets, injections 
or drops. In the US, the use of sublingual immunotherapy as tablets (SLIT-tablets) is limited 
in comparison to subcutaneous immunotherapy (SCIT).
Objective: This study investigated patients’ preference for SLIT-tablets vs monthly or 
weekly SCIT from a US patient perspective.
Methods: We carried out a discrete choice experiment (DCE) consisting of two blocks with 
eight choice sets. Adults and caregivers of children with moderate-to-severe AR were 
included if they had not previously or were not currently receiving AIT. Three attributes 
were included in the design: the mode and frequency of administration, the risk of systemic 
reactions and the co-payment.
Results: A total of 724 adults with AR and 665 caregivers of children with AR were 
included in the study. Both adults and caregivers had a significant preference for SLIT-tablets 
compared with both weekly and monthly injections and for less risk of anaphylactic shock. 
Caregivers were more risk-averse than adults when choosing their treatment, and the younger 
the child, the more risk-averse the caregiver. The preference for SLIT-tablets was found for 
both monoallergic and polyallergic adults and caregivers of monoallergic and polyallergic 
children. Respondents not wanting AIT for free were more risk-averse than those indicating 
that they wanted AIT for free.
Conclusion: Our findings suggest that SLIT-tablets is the preferred route of administration 
for AIT among adults and caregivers of children with AR.
Keywords: allergic rhinitis, allergy immunotherapy, discrete choice experiment, patient 
preferences, subcutaneous immunotherapy, sublingual immunotherapy

Introduction
Allergic rhinitis (AR) is a non-infectious immunoglobulin E (IgE) mediated inflam-
matory disease affecting the nasal mucous membranes.1 AR affects 10%–20% of 
US adults1 and closer to 40% of US children.5 AR is associated with other diseases 
such as asthma, atopic dermatitis and conjunctivitis.2,3 AR has a negative impact on 
quality of life, sleep, concentration and work productivity.2,4 Work impairment is 
correlated with the severity of AR.4

Management of AR often consists of allergen avoidance, pharmacological 
management with symptom-relieving medication or allergy immunotherapy 
(AIT). Antihistamines and intranasal corticosteroids are recommended as first-line 
therapy.1,6 AIT is recommended as an option for people with a confirmed IgE- 
mediated disease who are uncontrolled on symptomatic treatment4,7,8 such as 
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corticosteroids or antihistamines.9 Contrary to sympto-
matic treatment, AIT modifies the immunologic pathways 
that cause the allergic response. AIT has proven to provide 
long-term desensitization against allergens even after the 
end of treatment (3–5 years).10–12 AIT can be administered 
as sublingual immunotherapy (SLIT), as either tablets 
(SLIT-tablets) or drops, or as subcutaneous immunother-
apy (SCIT).13 However, SLIT-drops are not approved by 
the US Food and Drug Administration (FDA);14,15 there-
fore, we restrict the focus of this article to SLIT-tablets and 
SCIT. An estimated 2%–9% of people in the US with AR 
are treated with AIT.16

The mode of administration of SCIT and SLIT-tablets 
differs. The initial dose of SLIT-tablets is administered in a 
medical setting, but the following doses are administered 
daily at home by the patient. SCIT, on the other hand, is 
always administered by a healthcare professional, starting 
with an up-dosing phase, where the injections are given 
once or twice a week, and continuing with a maintenance 
phase, where the injections are given every second or 
fourth week.9,17 Throughout the up-dosing phase, injec-
tions contain increasing amounts of allergen. SLIT-tablets 
are administered in the same dose throughout the treatment 
course and does not require an up-dosing phase.18,19

Evidence of patient preference for SCIT or SLIT- 
tablets is lacking, and current literature is inconclusive 
on patient preference. Chester et al22 asked patients to 
rank four different routes of administration and revealed 
that patients preferred SLIT-tablets to SCIT (p < 0.0001). 
Damm et al23 investigated patients’ preferences for SCIT 
or SLIT-tablets using a discrete choice experiment (DCE) 
in a German population. The results were mixed, as the 
DCE revealed a preference for SCIT, whereas the respon-
dents indicated preferences for SLIT-tablets when asked 
directly. In addition, the study assumed independency of 
the mode of administration, the local side effects, and the 
number and duration of visits to a physician, but it is likely 
that patients do not experience these factors as indepen-
dent of each other in a clinical setting.

During the last decade the use of SLIT-tablets have 
been increasing as four SLIT-tablets have been approved 
by the FDA since 2014, however, the use of SLIT-tablets 
in the US is still limited in comparison to SCIT.24

More evidence is necessary to understand patients’ 
preferences of SCIT or SLIT-tablets. The objective of 
this study was to evaluate patients’ preferences for SCIT 
vs SLIT-tablets in the US, in both adults with AR and 
caregivers of children with AR.

Methods
We have conducted a survey assessing AIT preferences. 
Adults and caregivers of children (aged 5–17 years) with 
symptomatic AR of at least moderate severity who are not 
currently on or have not previously tried AIT were 
included in the study. Caregivers of a child with AR 
were invited to answer the survey on behalf of their child.
The survey covered the following:

Allergy-specific questions (allergy types, symptoms 
and medication use)

Quality of life using EQ5D-5L and visual analog 
scale (VAS)

Participants’ preferences using a DCE design
Socioeconomic questions

Following approval from IntegReview Institutional 
Review Board (IRB), Texas, US, the survey was distrib-
uted through email panels in collaboration with Kantar/ 
Gallup to access a large group of US adults with AR and 
caregivers of children with AR. The participants were 
invited to complete the survey online. Informed consent 
was obtained from all participants in the beginning of the 
online survey. Data were collected from July 22, 2020, to 
November 7, 2020.

Discrete Choice Experiment
A DCE is a stated preference method that can be used to 
elicit an individual’s preference for different policies, ser-
vices and interventions. The individuals are presented with 
several paired alternatives and choose their preferred alter-
native. Each alternative comprises a combination of so- 
called treatment attributes with different levels. In a DCE, 
the respondents are asked to select the alternative with the 
combination of attributes and levels that maximizes their 
utility,25–27 which enables the researcher to estimate the 
respondents’ relative preferences. The stated preference 
method has been recognized by the FDA as useful for 
understanding patient preferences.28

Respondents were introduced to all treatment attributes 
before the DCE questions were presented. The attributes 
and the associated levels included in the DCE are shown in 
Table 1.

Table 2 shows an example of a DCE question.

Administration
The administration attribute had three levels, depending on 
the mode and frequency of AIT administration: (1) tablets 
taken at home every day with annual visits to an allergy 
clinic; (2) weekly injections at an allergy clinic; and (3) 
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monthly injections at an allergy clinic. Contrary to the 
study by Damm et al,23 the mode of administration, the 
frequency of the visits at the clinic and the local site 
reactions were assumed to be dependent. The mode of 
administration and the frequency were gathered into one 
administration attribute. The site reaction from the injec-
tions and the tingling/swelling in the mouth from the 
SLIT-tablets were explained in the introduction to the 
DCE questions.

Risk of Systemic Reactions
AIT is associated with a low risk of a severe systemic 
reaction and SLIT-tablets are considered to have a lower 
risk compared to SCIT.19 Possible reactions include an 
itchy rash, throat or tongue swelling, shortness of breath, 
vomiting, lightheadedness, or low blood pressure. 
Systemic reactions are potentially serious or even life- 

threatening if not treated immediately. Therefore, patients 
are monitored at the clinic the first time they receive SLIT- 
tablets and every time they receive SCIT.

The risk of experiencing a systemic reaction was 
sourced from Dahl et al.29 The study revealed 21 cases 
of systemic reactions out of 47,000 patient treatment years 
on SCIT and 1 case of systemic reaction out of 134,000 
patient treatment years on SLIT-tablets. This indicates that 
the risk is approximately 60-fold higher for SCIT com-
pared with SLIT-tablets. However, to make it easier for 
respondents to comprehend the level of risk, the risk 
attribute had two levels, with a 100-fold difference and a 
“no risk” level.

Cost (Co-Payment) per Month
A price attribute was included to assess patients’ willing-
ness to pay (WTP) for AIT. The attribute had four possible 
values: USD 0, USD 20, USD 70 and USD 150. The 
results of the annual Employer Health Benefits survey 
conducted by the Kaiser Family Foundation showed the 
average co-payment among employees with prescription 
drug coverage was between USD 11 and USD 105 for 
plans with three or more tiers.30 These levels were there-
fore included in the study in order to cover the variation in 
US patients’ monthly co-payments for AIT (for employees 
with health insurance).

Design of the DCE Questions
A full factorial choice design would give rise to (3 × 3 × 
4)2 = 1296 possible combinations of attributes for the DCE 
module in the survey. In line with common practice, 
choice sets were selected from these combinations based 
on statistical efficiency. To improve the efficiency of data 
collection, a D-efficient design with Bayesian priors was 
generated using the NGENE software.

In order not to overburden the participants with too 
many questions while still covering a large spectrum of 
possible choice scenarios, the participants were ran-
domly assigned to one of two blocks in the survey. 
Each block included eight sets of two possible choice 
scenarios.

The Pilot of the Study
The pilot phase was carried out in July 2020 with 39 adults 
and 43 caregivers to test the relevance and accuracy of the 
survey. As this phase did not result in modifications, these 
respondents were included in the final analyses.

Table 1 Attributes and Levels in the Discrete Choice 
Experiment

Main Attributes Levels

Administration Tablet at home every day with annual 

visits to an allergy clinic
Weekly injections at an allergy clinic

Monthly injections at an allergy clinic

Risk of a systemic 

reaction

No risk at all
1 out of 200,000
100 out of 200,000

Cost per month (co- 
payment), USD

0
20

70

150

Table 2 Example of a DCE Question

Treatment A Treatment B

Administration Tablet at home every day 

with annual visits to an 

allergy clinic

Monthly 

injections at an 

allergy clinic

Risk of a 

systemic 
reaction

1 out of 200,000 100 out of 

200,000

Cost per month 
(co-payment), 

USD

150 20

Which would 
you prefer?

Abbreviation: DCE, discrete choice experiment.
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Exclusion and Data Validation
Respondents who finished the eight DCE questions in less 
than 30 seconds were excluded from the estimation of 
preference results.

Before the statistical analysis, data were validated by 
checking the answers for errors and consistency.

Statistical Analysis
Data from questions the respondents answered before and 
after the DCE module were analyzed using univariate 
descriptive statistics (means, medians, modes, and 
frequencies).

A conditional logit model was used to determine the 
coefficients of the included attributes and their levels in 
choice of preferred treatment. The probability of choosing 
alternative j from nj choices in the choice scenario i can be 
described as:

P jð Þ ¼
exp X 0

ijβ
� �

∑k2Ci
exp X 0

ikβ
� �

The confidence intervals (CIs) could not be derived 
directly from the conditional logit estimates, as the esti-
mates are calculated as ratios of two stochastic variables. 
Therefore, bootstrapping was used to determine the 95% 
CI. Following standard practice, 10,000 replications were 
performed. The statistical analysis was carried out in SAS 
Version 9.4 (SAS Institute Inc., Cary, NC, US).

Sub-analyses were conducted to see whether prefer-
ences differed between subgroups. We stratified according 
to gender (male vs female), number of allergies (mono- vs 
polyallergic), child’s age (children 5–12 years vs children 
13–17 years) and whether or not respondents indicated that 
they wanted AIT for free.

Results
Sample
Adults
A total of 737 adults with symptomatic AR of moderate or 
higher severity who are not currently trying or have not 
previously tried AIT started the survey. Of those, 13 only 
partly completed the survey and were therefore excluded 
from the analysis, leaving 724 respondents. Eight com-
pleted the DCE module in less than 30 seconds, and as a 
result their responses were not included in the preference 
estimates. A flowchart of the study population is presented 
in Figure 1.

The adult respondents were on average 52 years old, 
two-thirds were female and their median EQ-5D score was 
0.83. The primary allergies were related to pollen, and 
22% suffered from asthma (Table 3).

Caregivers
Six hundred and seventy-two caregivers started the survey on 
behalf of their child with symptomatic AR of moderate or 
higher severity who are not currently trying or have not 
previously tried AIT. Seven caregivers only partly completed 
the survey and were therefore excluded from the analysis, 
leaving 665 caregivers. Fourteen completed the DCE module 
in less than 30 seconds, and therefore their responses were 
not included in the preference estimates (Figure 1).

The caregivers were on average 43 years old, and 72% 
of the caregivers of children with AR were female. The 
children with AR, which the caregivers responded on 
behalf of, were on average 12 years old and 54% of the 
children with AR were female. The primary allergies in 
the children were also related to pollen, and 22% of the 
children suffered from asthma (Table 3).

Preferences
Both adults and caregivers have a significant preference for 
SLIT-tablets over monthly or weekly injections (p < 0.001) 
and a significant preference for less risk of anaphylactic 
shock (p < 0.001). This is in line with the answers from the 
questionnaire. When respondents were asked directly, 91% 
of adults and 92% of caregivers indicated that they preferred 
SLIT-tablets to weekly injections. The results also revealed 
that caregivers of children with AR have a higher preference 
for SLIT-tablets and were more risk-averse when choosing 
their treatment compared with adults with AR. The estimates 
from the conditional logit regression analysis are shown in 
Table 4. The table shows that all estimates are significant and 
therefore predictive for choice of AIT.

In Figure 2, we have shown the disutility for the 
different attributes relative to receiving SLIT-tablets with 
no risk of systemic reactions, which was the preferred 
combination for both adults and caregivers of children. 
The larger the disutility, the less preferred is the combina-
tion. The least preferred combination was weekly injec-
tions with a risk of systemic reactions of 100/200,000 for 
both adults and children.

Sub-Analyses
The results from the sub-analyses for adults with AR and 
caregivers of children with AR are shown in Tables 5 and 
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6, respectively. Results revealed that the younger the child 
is, the more risk-averse caregivers are, as the preference 
for having less risk was higher for caregivers of children 
ages 5 to 12 compared with caregivers of children ages 13 
to 17. Both mono- and polyallergic adults and caregivers 
of both mono- and polyallergic children have a higher 
preference for SLIT-tablets compared with injections. 
Furthermore, the preference for SLIT-tablets is highest 

for monoallergic adults and caregivers of monoallergic 
children compared with polyallergic adults and caregivers 
of polyallergic children.

Before they received the DCE questions, the respon-
dents were asked to indicate whether they would like AIT 
as daily tablets, would like AIT as weekly injections, or 
would rather not receive either even if they could get the 
treatments for free. In a comparison of adults and 

Figure 1 Flowchart of the study population selection.
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caregivers who indicated they wanted AIT as either tablets 
or injections with those who indicated they did not want 
AIT, results revealed that respondents who wanted AIT 
had an even higher preference for SLIT-tablets than those 
who did not want AIT. Furthermore, respondents who did 
not want AIT were more risk-averse compared with 
respondents who wanted AIT.

Discussion
This study revealed a significant preference for AIT admi-
nistered as tablets compared with either monthly or weekly 
injections and a preference for a lower risk of systemic 

reactions – a preference expressed by both adults with AR 
and caregivers of children with AR. Our results confirm 
the findings from Chester et al22 that the majority of 
patients prefer SLIT-tablets rather than SCIT. The differ-
ence between this study and the study by Damm et al23 

was that this study assumed that the mode of administra-
tion was linked to local site reactions and to the frequency 
of administration, whereas the study by Damm et al23 did 
not link these factors. This difference can explain the 
different results. The studies were also conducted in dif-
ferent countries (Germany vs the US), and because pre-
ference can vary among different populations, it was 

Table 3 Demographics and Disease-Specific Characteristics

Adults Caregivers Answering for Their Children

Demographics of adults and caregivers

Male 256 (35%) 185 (28%)a

Female 468 (65%) 480 (72%)a

Mean age, years 52 43a

Median household income category, USD 40,000–49,999 50,000–74,999a

Median EQ-5D score 0.83 -

Age of allergy debut and diagnosis

Mean age when experienced first symptoms, years 21.3 5.7

Mean age of diagnosis, years 22.0 6.3

Comorbidities

Asthma 157 (22%) 147 (22%)

Allergies affecting the respondents the most

Allergies towards animals (dogs, cats, horses, etc.) 60 (8%) 102 (15%)

Allergies related to pollen (grasses, weeds, trees, etc.) 539 (74%) 474 (71%)
Allergies related to house dust mites 56 (8%) 56 (8%)

Other year-round allergies (cockroaches, mold, etc.) 69 (10%) 33 (5%)

Allergy symptoms

Stuffy nose, runny nose, sneezing or post-nasal drip 694 (96%) 640 (96%)
Itchy, red or watery eyes 571 (79%) 505 (76%)

Shortness of breath, chest tightness or pain, coughing or wheezing 231 (32%) 192 (29%)

Itchy skin reactions or skin pain or redness of the skin 197 (27%) 277 (42%)

Mono- vs polyallergic

Monoallergic 253 (35%) 198 (30%)

Polyallergic 471 (65%) 467 (70%)

Medication use

Oral antihistamines 558 (81%) 602 (91%)
Decongestants 389 (54%) 424 (64%)

Nasal sprays and drops 415 (57%) 397 (60%)

Eye drops 395 (55%) 311 (47%)

Note: aCaregivers demographics.
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relevant to assess the preferences of the patients in the US 
specifically.

We found that respondents who indicated that they 
wanted AIT for free had slightly more severe AR and a 
higher consumption of allergy medication than respon-
dents who did not want AIT. This could explain the 
finding that the 48% of respondents who wanted AIT 
had an even higher preference for SLIT-tablets com-
pared with the respondents who did not want AIT. 
Presumably, these respondents were already used to 
taking daily medication for their allergies and therefore 
saw SLIT-tablets as an easy way of getting long-lasting 
relief from their allergy without additional effort. In 
addition to this, we found that respondents indicating 
that they wanted AIT had slightly higher household 
income, which therefore could also explain their pre-
ference for SLIT-tablets, since these respondents incur 
a higher opportunity cost from going to the clinic 
weekly or monthly to relieve their allergy compared 
with respondents indicating that they did not want AIT. 
Lastly, the respondents not wanting AIT were more 
risk-averse, which could indicate that they were reluc-
tant to try AIT due to the risk of side effects.

The results from this study add to the current literature 
and understanding of patients’ preferences for the different 
AITs. The DCE is recognized by the FDA as a method 
used for eliciting patient preference. Furthermore, the 
FDA suggests that patient preferences should be used in 
clinical product development and decision-making in order 
to create a patient-centered treatment approach.20 When 
treating patients, providers should also consider not only 

the cost but also the patient’s preferences. Increasing the 
understanding of patients’ preferences has the potential to 
improve the quality of care provided and patient adherence 
to treatment.21,31

Even though both adults with AR and caregivers of 
children with AR have a significant preference for 
SLIT-tablets, the majority of US patients are initiated 
on SCIT, regardless of whether they are monoallergic 
or polyallergic. The formulation of SLIT-tablets avail-
able in the US covers the most common respiratory 
allergies induced by timothy grass, ragweed, or house 
dust mites19 and could be a relevant treatment option 
for patients who prefer this type of AIT. Moreover, a 
study found that simultaneous administration of grass 
and ragweed SLIT-tablets within five minutes was well 
tolerated among patients following two weeks of 
sequential single SLIT.32

The findings emphasize the importance of shared deci-
sion-making between healthcare professionals and the 
patient as well as patient engagement for improved adher-
ence and outcomes. A recent study indicates that 72% of 
healthcare providers have discussed AIT options with all 
patients who met the criteria. The study showed that the 
majority of health care providers did not use an AIT shared 
decision-making tool in the process. For that reason, it is 
important that information on patients’ preferences for 
administration is conveyed to healthcare providers and 
considered for inclusion in available AIT shared deci-
sion-making tools.33–35

Results showed that the majority of the adults and 
children in this study were polyallergic (>65%), a 

Table 4 Estimates from the Conditional Logit Regression Analysis

Estimate Standard Error P-value

Adults with AR

Tablets vs weekly injections 1.2208 0.0500 <0.0001

Monthly injections vs weekly injections 0.5001 0.0455 <0.0001
No risk vs risk 100/200,000 1.0266 0.0487 <0.0001

Risk 1/200,000 vs risk 100/200,000 0.4364 0.0436 <0.0001
Monthly payment in USD −0.0138 0.0005 <0.0001

Caregivers of children with AR

Tablets vs weekly injections 1.1466 0.0519 <0.0001

Monthly injections vs weekly injections 0.5276 0.0487 <0.0001
No risk vs risk 100/200,000 1.4603 0.0550 <0.0001

Risk 1/200,000 vs risk 100/200,000 0.7358 0.0445 <0.0001

Monthly payment in USD −0.0110 0.0004 <0.0001
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finding that is in line with findings from the National 
Health and Nutrition Examination Surveys in the US.36 

It is a common approach in the US to treat the patient’s 
sensitization to multiple allergens using a mixed-formu-
lation SCIT, which could be a contributing factor for the 
high initiation on SCIT instead of SLIT-tablets.16,37 

However, treating the primary allergy of polyallergic 
patients with AIT by relieving the symptoms from 
their primary allergy might also relieve the symptoms 
from their secondary allergies, but more clinical 
research is needed in this field.38,39

The present global health situation with the corona-
virus (COVID-19) pandemic has brought attention to 

the importance of minimizing avoidable physical con-
tact in the clinical setting. Initiating patients on SLIT- 
tablets instead of SCIT would reduce physical contact 
between the patient and the healthcare provider. This 
benefit may have affected patients’ preferences, thus 
contributing to a higher preference for SLIT-tablets. 
On the other hand, such preferences may be unchanged 
after the pandemic.

Conclusion
Our findings suggest that SLIT-tablets are the preferred 
route of administration for AIT among adults and care-
givers of children with AR. The findings highlight the 

Figure 2 Disutility for the various attributes corresponding to value in USD per month.
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importance of shared decision-making between healthcare 
professionals as well as patient engagement for improved 
adherence and outcomes.

Abbreviations
AIT, allergy immunotherapy; AR, allergic rhinitis; CI, 
confidence interval; COVID-19, coronavirus disease 
2019; DCE, discrete choice experiment; FDA, Food and 
Drug Administration; IgE, immunoglobulin E; SCIT, sub-
cutaneous immunotherapy; SLIT, sublingual immunother-
apy; VAS, visual analog scale; WTP, willingness to pay.
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