Patient Preference and Adherence Dove

ORIGINAL RESEARCH

Patient Preferences for Attributes of Biologic
Treatments in Moderate to Severe
Asthma: A Discrete Choice Experiment Study

Min Yang', Jingdong Chao?, Mirko Fillbrunn', Usha G Mallya®, Min-Jung Wang', Leigh Franke',
Lauren Cohn™*?, Siddhesh Kamat(?

! Analysis Group, Inc, Boston, MA, USA; 2Regeneron Pharmaceuticals, Inc, Tarrytown, NY, USA; 3Sanofi, Boston, MA, USA; “Section of Pulmonary,
Critical Care and Sleep Medicine, Yale School of Medicine, New Haven, CT, USA; 5VA Connecticut Healthcare System, West Haven, CT, USA

Correspondence: Min Yang, Analysis Group, Inc, || Huntington Avenue, Fourteenth Floor, Boston, MA, 02199, USA, Tel +1-617-425-8487,
Fax +1-617-425-8001, Email Min.Yang@analysisgroup.com

Purpose: Multiple biologics are available for moderate to severe asthma. Given the important relationship between patient engage-
ment in healthcare decision-making and health outcomes, patient preference is an increasingly important consideration. This study
elicited patients’ preferences for attributes of biologic therapies for moderate to severe asthma.

Patient and Methods: A discrete choice experiment (DCE) questionnaire was designed to collect data from an existing survey panel
of adults with moderate to severe asthma in the United States. Patients were asked to select their preferred hypothetical treatment from
profiles with varying attributes related to efficacy, safety, and administration convenience. Conditional logit regression models were
used to quantify patient preferences.

Results: Of 301 eligible patients who completed the survey, the mean age was 46.7+15.1 years and 71.8% were female. Patients had
asthma for 22.5+16.3 years on average, and most (97.3%) had experienced >1 asthma attack in the past 12 months. Among treatment
attributes examined, patients most valued the absence of a black box warning for the risk of a life-threatening allergic reaction,
effectiveness of reducing severe asthma exacerbations, and improvement in lung function (all p < 0.001). Home administration setting
for subcutaneous injections (vs doctor’s office/clinic) (p = 0.009) and ability of a biologic to treat additional chronic condition(s) (p <
0.05) were also considered important. Dosing frequency and type of injection device were not significant factors.

Conclusion: Patients with moderate to severe asthma valued efficacy and safety over convenience attributes when selecting biologic
treatments. Awareness of these preferences can facilitate patient-physician shared decision-making when managing moderate to severe
asthma in clinical practice.
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Introduction
Asthma is a common, chronic respiratory disease, affecting millions of people in the United States (US). Patients with
moderate to severe asthma may experience frequent respiratory symptoms and exacerbations, reversible airflow obstruc-
tion, bronchial hyper-responsiveness, and airway inflammation which, if not well-controlled, can lead to substantial
morbidity, impaired health-related quality of life, and potentially asthma-related mortality.' > The majority (~70%) of
patients with moderate to severe asthma have Type 2 inflammation that is often characterized by eosinophilia, increased
fractional concentration of exhaled nitric oxide, or allergen-driven asthma.*”’ Inhaled corticosteroids (ICS), long-acting
beta agonists (LABA), and leukotriene-modifying agents are the standard of care for the treatment of moderate to severe
asthma. However, many patients still fail to have sustained symptom control, and long-term use of systemic corticoster-
oids is associated with harmful side effects.®’

With the availability of biologic therapies that specifically target antibodies, inflammatory molecules, or cell
receptors, the clinical management of patients with moderate to severe asthma who are inadequately controlled on ICS
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+ additional controllers has substantially improved.* As of 2022, six biologics have been approved by the US Food and
Drug Administration (FDA) for patients with severe or uncontrolled asthma, and the majority of these medications are
delivered via subcutaneous injection.'” These biologics include anti-immunoglobulin E therapy (omalizumab) and
inhibitors of interleukin 5 (IL-5; mepolizumab and reslizumab), the IL-5 receptor (benralizumab), the IL-4 receptor
(dupilumab), and thymic stromal lymphpoietin (tezepelumab). With the increasing number of treatment options available,
an appreciation of treatment preferences from the patient perspective can improve patient engagement and inform
patient-physician shared decision-making. The Global Initiative For Asthma (GINA)* emphasizes the importance of
patient preferences during a clinical evaluation, because it has implications on the partnership between the patient and the
clinician, the adherence behavior to the treatment and ultimately the clinical outcomes of these patients.

Given the evolving treatment landscape for patients with moderate to severe asthma, we conducted a discrete choice
experiment (DCE) survey study (INvestigate preferenceS for and wlllinGness to trade for attributes of moderate to
severe astHma Treatments [INSIGHT]) to better understand preferences for clinical benefits, risks, and administration-
related attributes of subcutaneous biologic therapies, among patients with self-reported moderate to severe asthma in
the US.

Methods
Study Population

Study participants consisted of adults with self-reported moderate to severe asthma in the US. All participants were
recruited from an existing voluntary panel of patients as members of a well-established market research firm,
Schlesinger Group, with a global presence for health-care surveys. Patients were eligible for the survey if they met
the following criteria: (1) were at least 18 years of age; (2) had moderate or severe asthma (meeting at least one of the
following criteria in the past 12 months, as informed by the GINA* and clinical input: use of ICS plus at least one
additional controller [eg, LABA, leukotriene modifiers, tiotropium] and asthma exacerbation [ie, requiring an oral
steroid burst, urgent care/emergency department visits, or hospitalization], or oral corticosteroid [OCS] use for at least
60 days, or use of any FDA-approved biologic therapies); and (3) were literate in English. In line with the empirical
recommendation by the International Society for Pharmacoeconomics and Outcomes Research Good Research Practices
for Conjoint Analysis Task Force,'' the target sample size for the DCE was 300 participants. All participants provided
informed consent and confirmed eligibility to participate in the study prior to proceeding with the survey. This study was
conducted in accordance with the Helsinki Declaration of 1964 and its later amendments and was granted an exemption
from a full review by the New England Institutional Research Board. The determination of exemptions is based on the
nature of the study; studies based on surveys (such as presented herein), interviews, or focus groups, are eligible for
exemption.

Survey Design

The survey was designed to collect information on patient characteristics and preferences for biologic treatments from
patients with self-reported moderate to severe asthma. The survey collected information on participants’ demographics
(age, sex, race/ethnicity, level of education, and employment status), asthma-related treatment history and disease status
(past-year asthma attacks, Asthma Control Test [ACT]), general health status, and comorbidities. Treatment history
included use of biologics, ICS, LABA, ICS/LABA combination, long-acting muscarinic antagonists, leukotriene modi-
fiers, OCS, short-acting beta agonists (SABA), treatment with an add-on short course of OCS, and asthma-related
healthcare resource use (emergency department visits, urgent care visits, and hospitalizations). An add-on short-course of
OCS was defined as add-on corticosteroid pills for three days or longer in patients not on maintenance steroids, or a short
course of add-on steroid pills for three days or longer at two times or higher than usual dose, for patients on maintenance
steroids. The ACT is a self-administered questionnaire that assesses the frequency of shortness of breath, general asthma
symptoms, use of rescue medications, impact of asthma on daily functioning, and overall self-assessment of asthma
control. Scores range from 5 (poor control) to 25 (complete control), and a score of <20 indicates uncontrolled

asthma.'>!3
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Patient Preferences

The second part of the survey consisted of questions pertaining to patient preferences for subcutaneous biologic injections for
asthma, designed using the DCE approach. Treatment attributes and associated levels used in this study were informed by
a targeted literature review of biologic treatments that had been approved for moderate to severe asthma by the US FDA at the
time of this study, along with input from clinical experts and patients. The FDA drug labels, Phase 3 clinical trial publications,
and literature on the experiences of patients with moderate to severe asthma, along with consultation with clinical experts (one
round of interview with a clinical expert and one round of survey discussion with another) informed the initial selection of the
key attributes and the associated levels, focusing on efficacy, safety, and convenience. The relevance and importance of the
attributes and levels were further informed through 1-on-1 phone discussions with ten patients who met the same eligibility
criteria. During the interviews, patients provided feedback on relevance, relatability, and interpretability of the attributes. The
finalized seven attributes, each with two to four levels (Table 1), were broadly related to treatment efficacy (ie, effects on
reducing severe asthma attacks and improving lung function), other clinical benefits or risks (ie, treating additional chronic
condition[s]), presence or absence of a black box warning for the risk of a life-threatening allergic reaction, or convenience of
a subcutaneous biologic treatment for asthma (ie, subcutaneous injection frequency, type of injection device, and setting for
having subcutaneous injection).

A brief tutorial was designed using layman language and visual aids to provide a basic description for each of the
treatment attributes used and familiarize participants with the concept of choosing a preferred treatment profile between
two options on a choice card. The tutorial was debriefed with the patients and revised as needed based on feedback. In
the final survey, the participants would review the tutorial before proceeding to complete the DCE questions.

Sixteen choice cards, each showing two hypothetical treatment profiles, were generated based on a balanced and
efficient design, using the SAS (SAS Institute, Cary, NC, US) DCE macro package. An example choice card is displayed

Table | List of Treatment Attributes and Levels Associated with Biologics Used to Treat Asthma

Attributes Levels

Effect on severe asthma attacks Five severe attacks in two years reduced to four
Five severe attacks in two years reduced to three
Five severe attacks in two years reduced to two

Five severe attacks in two years reduced to one

Lung function improvement (increases how much you can | No change

breathe out in | second after a deep inhalation, in mL) 150 mL increase
300 mL increase

450 mL increase

Treat additional chronic condition(s) Does not treat any additional conditions
Can treat | additional condition
Can treat 2 additional conditions

Can treat 3 additional conditions

Black box warning issued by the FDA for the risk of
a life-threatening allergic reaction

The FDA issues a black box warning
No black box warning issued by the FDA

Frequency of subcutaneous injections

Once every week

Once two weeks

Once every month
Once every two months

Type of device used for subcutaneous injections

Auto-injector
Pre-filled syringe

Setting for subcutaneous injections

Home

Clinic/doctor’s office

Abbreviation: FDA, Food and Drug Administration.
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in Figure 1. The 16 choice cards were randomly divided into two blocks to reduce response burden. Each block also
included two additional choice cards to evaluate internal validity and consistency of participants’ responses. Study
participants were randomly assigned to one of the two blocks, such that the number of participants within each block was
balanced. All choice cards were randomized in the order of appearance during the survey.

Statistical Analysis
Participants’ demographics, medical and treatment history, asthma-related disease status, health status, and comorbidities
were summarized using relative frequencies for categorical variables, and means, medians, and standard deviations (SDs)
for continuous variables.

Conditional logit regression models were used to analyze patient preferences, and regression coefficients and 95%
confidence intervals for preference weights were reported. Categorical attributes were modeled using dummy coding.
A multiplicative interaction term between injection device type and frequency of injection was included in the model as
these two attributes were hypothesized to be conceptually related (eg, preference for the frequency of injections may vary
depending upon the type of injection device); in such cases, interaction terms are recommended.'*'?

Regression coefficients were also used to assess the relative importance of treatment attributes in participants’
preference decisions among all attributes and among attributes that were significantly associated with treatment
preference. To facilitate the interpretation, the relative importance of treatment efficacy outcomes was quantified as
follows: 60% reduction in the frequency of severe asthma attacks (an efficacy estimate found in clinical trials)'®'” and
250 mL improvement in lung function (an improvement that is considered moderately better by patients).'® The relative
importance of an attribute in participants’ treatment choices was estimated by dividing the difference in part-worth
utilities between selected levels of an attribute by the sum of the part-worth utility differences across all attributes.
A p-value of 0.05 was used to determine statistical significance. All analyses were performed using SAS (SAS Institute,
Cary, NC, US).

Treatment Features Treatment A Treatment B
A.  Effect on severe asthma attacks Five severe attacks in two years Five severe attacks in two years
reduced to four reduced to two
150 ml increase 450 ml increase

Lung function improvement (increases how much you can

B. breathe out in 1 second after a deep inhalation, in
milliliters [mL])
C.  Treat additional chronic condition(s) Does not treat additional conditions Treats 3 additional conditions
The FDA issued a black box warning
WARNING
“ " i i i See full prescribing information for complete boxed warning ) .
D. BI.?CK box W?mmg Iss.ued by .the FDAforthe risk of A life-threatening allergic reaction may occur after the No black box warning issued by the FDA
ali e'threatenmg aIIerglc reaction first dose of the drug but can also occur beyond 1 year
after beginning treatment. Patients need to be closely
observed for an appropriate period of time during
administration
E.  Frequency of injections under the skin Once every two weeks Once every two months
4 &
F. Type of device used for injections under the skin Pre-filled syringe Auto-injector %
G.  Setting for having injection under the skin Clinic/doctor’s office Home
Please tell us which treatment you would prefer. | prefer treatment A | prefer treatment B

] ]

Figure | Example of a DCE choice card.
Abbreviations: DCE, discrete choice experiment; FDA, Food and Drug Administration.
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Results

Study Population Characteristics

A total of 301 adults with self-reported moderate to severe asthma met the study inclusion criteria and completed the
survey (12.5% of those adults with a self-reported asthma who accessed the survey invitation). Participants’ character-
istics and general health status are summarized in Table 2, and their clinical and treatment histories are summarized in
Table 3. The mean £ SD age of the participants was 46.7 + 15.1 years, 71.8% were female, and the majority were white/

Table 2 Demographic Characteristics of Survey Participants

N=301
Age (years), mean * SD [median] 46.7 £ 15.1 [46.0]
Female, n (%) 216 (71.8%)
Race, n (%)*
Black or African American 41 (13.6%)
White or Caucasian 241 (80.1%)
Other® 17 (5.6%)
Preferred not to answer 2 (0.7%)
Ethnicity, n (%)
Hispanic 42 (14.0%)
Non-Hispanic 258 (85.7%)
Preferred not to answer I (0.3%)
Highest level of formal education, n (%)
No high school diploma 4 (1.3%)
High school diploma or equivalent 41 (13.6%)
Some college or associate’s degree 101 (33.6%)
College graduate/bachelor’s degree 111 (36.9%)
Advanced degree 44 (14.6%)
Insurance, n (%)
Commercial insurance 164 (54.5%)
Public insurance 141 (46.8%)
Unknown/other 9 (3.0%)
No insurance 15 (5.0%)
Employment status, n (%)
Paid employee, full-time 125 (41.5%)
Paid employee, part-time 32 (10.6%)
Self-employed 24 (8.0%)
Disabled 41 (13.6%)
Not working® 76 (25.2%)
Student 8 (2.7%)
Smoking status, n (%)
Currently smoking 77 (25.6%)
Quit smoking 100 (33.2%)
Never smoked 124 (41.2%)
Current general health status, n (%)
Excellent 13 (4.3%)
Very good 61 (20.3%)
Good 119 (39.5%)
Fair 86 (28.6%)
Poor 22 (7.3%)

Notes: *Patients were allowed to select more than one option. ®Other included Asian
or Pacific Islander, Native American/American Indian or Alaska Native, or multiple
races or other. “Not working included respondents who were retired, unemployed
and looking, unemployed and not looking, and homemaker/housewife/househusband.
Abbreviation: SD, standard deviation.
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Table 3 Clinical Characteristics and Treatment History of Participants in the Past 12

Months

N=301

Number of chronic comorbidities, mean * SD [median]
Chronic comorbidities, n (%)*
Anxiety/depression
Overweight/obesity
Gastroesophageal reflux disease
Hypertension
Diabetes (Type | or Type 2)
Chronic pulmonary disease (eg COPD)
Atopic dermatitis
Allergic urticarial
Obstructive sleep apnea
Cancer
Heart disease (eg heart attack)
Chronic rhinosinusitis with nasal polyps
Cerebrovascular disease (eg stroke, transient ischemic attack)
Chronic kidney disease
Eosinophilic esophagitis
Peripheral artery disease
Other diseases
Self-reported number of asthma attacks, mean * SD [median]®
At least one asthma attack in past 12 months, n (%)°
Time since last asthma attack (months), mean * SD [median]
Age at first asthma diagnosis (years), mean £ SD [median]
Years with asthma diagnosis, mean * SD [median]
ACT score, mean * SD [median]®
Uncontrolled (ACT < 20)
Controlled (ACT 2 20)
Treatments received for asthma, n (%)
ICS/LABA
SABA
OCS (regularly or as needed)
As needed
Regularly
Regularly with additional add-on as needed
Leukotriene modifiers
ICS
LAMA
Biologics
LABA
At least one add-on short course OCS for asthma, n (%)
At least one emergency departments visit for asthma, n (%)
At least one urgent care visit for asthma, n (%)
At least one hospitalization for asthma, n (%)

3.38 + 2.6 [3.00]

165 (54.8%)
105 (34.9%)
101 (33.6%)
96 (31.9%)

79 (26.2%)
63 (20.9%)
53 (17.6%)
49 (16.3%)
40 (13.3%)
31 (10.3%)
25 (8.3%)
16 (5.3%)
13 (4.3%)
1l (3.7%)
10 (3.3%)
7 (2.3%)

67 (22.3%)
6.4+ 9.3 [3.0]
293 (97.3%)
37 +3.8[22]
242 + 163 [23.8]
22.5 + 154 [20.4]
14.0 + 4.5 [14.0]
257 (85.4%)
44 (14.6%)

248 (82.4%)
224 (74.4%)
186 (61.8%)
89 (47.9%)
70 (37.6%)
27 (14.5%)
130 (43.1%)
122 (40.5%)
52 (17.3%)
36 (12.0%)
23 (7.6%)
269 (89.4%)
161 (53.5%)
186 (61.8%)
116 (38.5%)

Notes: *Participants were allowed to select more than one option. An asthma attack episode was defined as
a period of time when the participant experienced worsening of asthma symptoms leading to a short course of add-
on steroid pills, urgent care visit, emergency department visit, or hospitalization. “The ACT is comprised of five
component questions, each rated on a scale of 1-5 (I: All the time; 2: Most of the time; 3: Some of the time; 4:
A little of the time; 5: None of the time). The composite ACT score ranges from 5-25, with higher scores indicating
poorer asthma control. dProportions of the 186 participants who reported treatment with OCS in past 12 months.
Abbreviations: ACT, Asthma Control Test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticos-
teroids; LABA, long-acting beta-2-agonists; LAMA, long-acting muscarinic antagonists; OCS, oral corticosteroids;

SABA, short-acting beta-2-agonist; SD, standard deviation.
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Caucasian (80.1%) and non-Hispanic (85.7%) (Table 2). At the time of the survey, approximately one-third (33.2%) of
participants had quit smoking and 41.2% had never smoked (Table 2). On average, participants had multiple chronic
comorbidities (mean + SD: 3.4 + 2.6), and the most frequently reported comorbidity was anxiety/depression (54.8%)
followed by overweight/obesity (34.9%), gastroesophageal reflux disease (33.6%), and hypertension (31.9%) (Table 3).
Allergic inflammatory conditions were also common, including atopic dermatitis (17.6%), allergic urticarial (16.3%),
chronic rhinosinusitis with nasal polyps (5.3%), and eosinophilic esophagitis (3.3%). In the past 12 months, the majority
(97.3%) of participants had experienced at least one asthma attack, with a mean = SD of 6.4 &+ 9.3 attacks. The mean +
SD ACT score was low (14.0 £ 4.5), indicative of poor asthma symptom control, with the majority of participants
(85.4%) having uncontrolled asthma (ACT < 20).

Among these participants, the most common asthma treatments received in the past 12 months were ICS/LABA
(82.4%), SABA (74.4%), and OCS used regularly or as needed (61.8%) (Table 3). Only 12% of the participants had
received a biologic for asthma in the past 12 months, while the majority (89.4%) received at least one add-on short
course of OCS. For health-care resource use, 61.8%, 53.5%, and 38.5% had at least one asthma-related urgent care visit,
emergency department visit, and hospitalization, respectively, in the past 12 months.

Preferences for Asthma Treatment

Among the participants, 80.4% replied with consistent responses to the pair of consistency questions. Overall, patients
strongly preferred attributes related to greater levels of reduction in the frequency of severe asthma attacks, greater levels
of improvement in lung function, and no black box warning issued by the FDA for the risk of a life-threatening allergic
reaction (all p < 0.001) (Table 4). Participants preferred treatments administered at home rather than at a doctor’s office
or clinic (p = 0.009) and those that could also treat one or more additional chronic conditions over those that did not have
such a benefit (all p < 0.05). Dosing frequency and the type of device used for the subcutaneous injections did not
significantly affect participants’ preferences for asthma treatments.

Attributes’ Relative Importance

The relative importance of the treatment attributes as a result of the choices made in the DCE questions is illustrated in
Figure 2. Across all the attributes, treatment efficacy (severe asthma attack reduction and lung function improvement)
accounted for close to half of the choice decision weight while absence/presence of a black box warning accounted for
31% of the weight. The next most important attributes to patients were the ability to treat three chronic conditions (vs no

Table 4 Preferences for Attributes of Biologic Treatments for Asthma®

Treatment Attributes Coefficient 95% CI P-value
Effect on severe asthma attacks (per 20% reduction in the number of attacks per two years) 0.190 (0.14, 0.24) | <0.001 | ***
Lung function improvement (per 50 mL of improvement in FEVI) 0.074 (0.06, 0.09) | <0.001 | ***
Treat additional chronic condition(s)

Can treat | additional condition vs does not treat any additional conditions (reference) 0.198 (0.02, 0.37) 0.026 *

Can treat 2 additional conditions vs does not treat any additional conditions (reference) 0.220 (0.07, 0.37) 0.004 | **

Can treat 3 additional conditions vs does not treat any additional conditions (reference) 0.271 (0.10, 0.44) 0.002 | **
Black box warning issued by the FDA

No black box warning issued vs the FDA issued a black box warning (reference) 0.640 (0.54, 0.74) | <0.001 | ***
More frequent subcutaneous injections (per week) —0.004 (—0.04, 0.03) | 0.836
Type of device used for subcutaneous injections

Auto-injector vs pre-filled syringe (reference) 0.151 (-0.10, 0.41) | 0.246
Interaction between type of device (auto-injector) and more frequent subcutaneous —0.013 (-0.07, 0.05) | 0.676
injections

Setting for having subcutaneous injections
Home vs clinic/doctor’s office (reference) 0.133 (0.03, 0.23) 0.009 | **

Notes: *p-value <0.05, **p-value <0.01, ***p-value <0.001. *Of 30| participants, 242 (80.4%) replied with consistent responses to the test-retest questions.
Abbreviations: Cl, confidence interval; FDA, Food and Drug Administration; FEV |, forced exhalation volume in one second.
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Having bi-monthly vs.

weekly subcutaneous Home vs.
injections using auto-injector clinic/doctor’s office
4.1%

/- 6.4%

Treating 3 vs. no

additional chronic
T conditions
13.1%

Without vs. with
black box warning
by the FDA
31.0%

Having reduction in /

severe asthma attacks®
27.6%

Lung function
improvement ©
17.9%

Figure 2 Relative importance of all attributes® of biologic treatments for asthma.

Notes: *Relative importance indicates how much a given attribute contributes to the overall utility (or benefit) of the hypothetical treatment; ®The importance of a 60%
reduction in the number of severe asthma attacks was compared to no reduction; “The importance of a 250 mL lung function improvement in volume was compared to no
improvement.

Abbreviation: FDA, Food and Drug Administration.

additional chronic conditions; 13.1%) and the ability to administer a subcutaneous injection at home (vs at a doctor’s
office/clinic; 6.4%). The combination of having bi-monthly over weekly subcutaneous injections using an auto-injector
(vs prefilled syringe) had a minimal impact on the treatment decision (4.1%).

Discussion

Research has shown that patient engagement in healthcare decisions reflecting their treatment preferences can improve
adherence to treatment regimens and lead to better clinical outcomes.'” ' GINA guidelines also recommend that the choice
of treatment should account for patient preferences, in addition to risk factors and practical considerations.* Using DCE,
a well-established preference research methodology, our study surveyed a large sample of US adults with self-reported
moderate to severe asthma to assess key attributes that may influence their preferences for subcutaneous biologic therapies.
Most of the existing DCE studies in patients with asthma date back a decade or more and include attributes that are no longer
relevant to newer biologics treatments, such as hygiene of an inhaler mouthpiece, while more recent DCE studies have
evaluated a limited set of attributes.”> >* With an increasing number of biologic treatment options available for moderate to
severe asthma, a better understanding of patient preferences to facilitate shared decision-making is needed.

The population in our study was primarily composed of participants with uncontrolled asthma (85.4%), with only
12% who had received a biologic therapy for asthma in the past 12 months. Compared to the recent real-world studies in
patients with severe asthma (ie, the SARP III cohort™ and the ARIETTA study®), our sample was relatively younger
(mean age 47 vs 50 years and median age 46 vs 54 years, respectively), and had higher proportions of women (72% vs
67% in both studies), former smokers (33% vs not reported and 18%, respectively), and white/Caucasian patients (80%
vs 67% and 89%, respectively).?®*’ The proportion of patients who self-reported at least one asthma-related urgent care
visit (61.8%), emergency department visit (53.5%), or hospitalization (38.5%) in the past 12 months reflect the large
proportion of patients in the present cohort with uncontrolled moderate to severe asthma. The findings are generally
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similar to those of a claims database analysis by Suruki et al which reported that 53.7% of US patients with uncontrolled
severe asthma experienced at least one exacerbation (asthma-related emergency department visits, hospitalization, or oral
corticosteroid use) in their 12-month study period.”® In addition, a study by Griswold et al found that 73% of patients
with asthma presenting across 83 US emergency departments had at least one emergency department visit in the
past year.”’ However, a more recent US claims database analysis by Burnette et al reported lower rates among US
patients with severe uncontrolled asthma—=26.2% of had an asthma-related emergency department visit and 6.3% had
a hospitalization in their 12-month study period (may potentially be related to the availability of more biologics for these
patients in recent years).*

It is worth noting that among the participants with moderate to severe asthma in our survey, slightly over half had
self-reported anxiety or depression. Depression has been previously noted as a common comorbid condition among
patients with asthma and is closely correlated with symptom control.>'~*> Furthermore, symptoms of anxiety and
depression are associated with non-adherence to medications, including both intentional and unintentional non-
adherent behaviors.>*** Therefore, an in-depth understanding of patient characteristics and their preferences for various
features of biologic treatments could assist healthcare providers in an informed shared decision-making. This, in turn,
may improve treatment adherence and ultimately result in better adherence and downstream treatment outcomes for these
patients.

We found that both treatment efficacy attributes (reduction of severe asthma attacks and lung function improvement)
were very important in preference decisions. This finding is corroborated by other DCE studies on asthma treatment
preferences.”*** For example, the study by Johansson et al found that the most important attribute for asthma treatments
was the number of symptom-free-days per month.”* Similarly, the study by Lloyd et al reported that the reduction of
severe asthma attacks and the number of days per week without symptoms were the most important attributes.”® The
current study findings are expected given the large number of patients with uncontrolled asthma (85.4%), who may have
a strong desire for effective treatments and consider efficacy as a key factor in determining their treatment preference.

With the increasing complexity in clinical management of moderate to severe asthma, particularly when patients have
multiple comorbidities, clearly informing benefits and risks of treatment options can provide additional aid for treatment
decision. This study’s finding of the strong influence of a black box warning for the risk of a life-threatening allergic
reaction on patient preference is unsurprising as asthma itself is an allergic chronic inflammatory disorder. Interviews
with patients revealed that patients desired full information about the medication choices and wanted to be made aware of
important pros and cons. Some patients had the awareness already and pointed out the value of having the knowledge for
the risk of triggering a life-threatening allergic reaction for a balanced consideration.

Additionally, some of the convenience factors (eg, the ability of a therapy to treat one or more additional chronic
conditions and an at-home setting for administering subcutaneous injections) were also considered important from
a patient’s perspective. The desire to co-treat additional conditions is reasonable considering many patients with asthma
have other respiratory or allergic/immune-mediated comorbid conditions.’*® For patients with such comorbidities,
a treatment that can target multiple chronic conditions would be preferable. To a slightly lesser extent, participants
preferred being able to administer a subcutaneous injection at home rather than at the clinic or doctor’s office. This
finding is likely explained by the inconvenience of traveling to and waiting at the physician’s office, which could lead to
more disruption in daily routines. In addition, an at-home administration setting avoids the cost of an outpatient visit or
co-pay, reducing the associated financial burden on the patient as well as barriers to treatment. However, the preference
for the location of administration varies across studies and is likely to be tied to the route and ease of administration of
the biologic. For example, one study found that a roughly equal number of survey participants with asthma preferred
biologic administration at home (46%) vs in a healthcare practitioner’s office or clinic (54%).>* While our study only
recruited patients in the US, other considerations affecting patients’ preference could be the characteristics of the national
or regional health insurance system and the type of reimbursement for biologics.

Based on the literature and input from clinical experts and patients, our study included attributes of biologics for
asthma in three categories: treatment efficacy, clinical benefits and risks, and convenience. Among these categories,
treatment efficacy and clinical risks were the most important factors in survey participants’ treatment decisions, followed
by additional clinical benefit. While the administration setting for the subcutaneous injection mattered to participants, the
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type of subcutaneous injection device and administration frequency were the only non-significant factors found in our
study, indicating that participants did not consider these attributes as important when making a treatment choice decision.
Having a holistic appreciation of an individual’s preference could facilitate an informative dialogue between patients and
physicians in finalizing the management plan for asthma control.

Incorporating patient perspectives has become increasingly important for the development of new therapies and
guiding treatment decisions in clinical practice. For a chronic disease without a cure, such as moderate to severe asthma,
maintenance therapies that can suade patients to adherence to treatment is of paramount importance for maintaining
disease control, avoiding poor outcomes, and reducing costly healthcare encounters. Our study serves as the initial
attempt in quantifying preferences of patients with severe or uncontrolled asthma when navigating biologic treatment
options. As the understanding of the mechanism of asthma and treatment mode of action further deepens, continued
research is warranted to further appreciate patients’ preferences along with the evolving landscape of complex treatment
options.

The findings from our study should be interpreted in consideration of several limitations. First, as with all DCE
studies, the preferred choices for hypothetical treatments for asthma do not necessarily reflect the asthma treatments the
participants may have received in the real world. Second, attributes in our study were identified based on clinical
importance and convenience of treatment management through literature review while taking into account the inputs
from clinical experts and patients. However, some of the attributes may not be intuitively comprehensible for patients, for
example, the concepts of lung function and FDA black box warning. On the other hand, with the proven effectiveness of
the advanced therapies, improvement in lung function (as measured by forced expiratory volume in one second [FEV1])
has become one of the key endpoints assessed in clinical trials. Practically, FEV1 can have a direct impact on a person’s
wellbeing, which is the emphasis in patient-centric care. A prior study demonstrated that the average minimal “patient
perceivable improvement” for FEV1 is 230 mL."® To facilitate the interpretation of the lung function concept to be more
relatable to patients, the tutorial provided the context to the participants to help them make an informed choice decision:

Many asthma patients have trouble breathing. A breathing test can help measure how easy or difficult it is to get air in and out of
your lungs. New treatments could increase how much you can breathe out in 1 second after a deep inhalation, as measured in
milliliters (mL). For reference, one cup is about 250 mL. For many asthma patients, a 250 mL increase would be a noticeable

improvement.

The wording was reviewed and debriefed with the patients to ensure the interpretability and relatability before the survey
fielded for data collection.

Similar efforts were made for the interpretability of the FDA black box warning from the patient perspective. The
final description on black box warning was shown as follows:

Some people can be allergic to certain medications. In rare occasions, such allergic reactions to a medication can be serious or
even lead to death, thus requiring close monitoring and immediate treatment. When there is reasonable evidence that a drug has
been associated with a serious life-threatening adverse event, the FDA issues the black box warning. It is the strictest warning
by the FDA to particularly alert doctors to consider benefits and risks when they prescribe the medication. While all medications
provide full disclosure, some new asthma treatments may have been associated with reports of severe allergic reactions even
after 1 year on treatment. The FDA issues the black box warning for such a medication because of these reports.

The wording was also reviewed and debriefed with the patients to ensure the interpretability and relatability before the
survey fielded for data collection.

Third, we conducted 1-on-1 interviews with 10 patients with moderate to severe asthma in the US. However,
given the heterogeneity of the disease manifestations and variability in treatment strategies that the patients had
experienced, the finalized attributes and levels may not be as comprehensive as we would wish to. In order to manage
the response burden, not all attributes that could potentially influence preference decisions were included in our
choice card design (eg, participant’s knowledge of asthma and treatments, insurance, out of pocket expenses). Future
research could consider these and other attributes of biologic treatments for asthma to help form a deeper under-
standing of patient preferences. Fourth, participant eligibility was determined using self-reported information (eg,
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occurrence of asthma attacks in the past 12 months) and may be subject to recall bias. In particular, as the cohort
largely comprised patients with uncontrolled asthma and survey answers were self-reported, health-care resource use
such as urgent care, emergency department visit, or hospitalization based on a recall over the past 12 months may not
be entirely accurate. To help minimize potential recall bias, we provided clear explanations and definitions for terms
or events (eg, asthma attacks) that may have subjective interpretation and allowed participants unlimited time to
answer the screening questions. Lastly, we included any patient with self-reported moderate to severe asthma to
reflect such a patient profile in the real world; patients may or may not have prior experiences with biologic therapies
and some patients had chronic pulmonary disease. In addition, in our participant sample, approximately 20% patients
indicated having chronic pulmonary disease, which could include chronic obstructive pulmonary disease (not
captured specifically). The generalizability of the study findings would warrant caution.

Conclusions

Adults with moderate to severe asthma highly value the safety and efficacy of the treatments while concern less in terms
of convenience/administrative characteristics. With multiple biologic therapy options available for patients with moderate
to severe asthma in the US, a deeper understanding of patients’ preferences for treatments can play an important role in
shared decision-making and impact adherence to these treatments as well as health outcomes. In the current era of
patient-centric care, these findings provide supportive evidence to healthcare providers and policy makers to appreciate
patients’ preferences in asthma biologic treatment management.
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