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Background: Patients with severe emphysema have limited treatment options. Little is known about patients’ 
willingness to accept risks for new treatments that offer meaningful benefits. 
Methods: We determined treatment preferences of patients with severe emphysema using a web-based discrete-
choice experiment survey. Respondents answered 9 questions that offered choices between 2 hypothetical 
interventional treatments or continuing current medical management.  Variations in 5 attributes defined the 2 
interventional treatments: improvement in ability to breathe and carry out day-to-day activities, frequency of 
hospitalized exacerbations, treatment type, risk of pneumothorax within 30 days of procedure, and risk of death 
within 3 months. Respondents were recruited through the COPD Foundation’s COPD Patient-Powered Research 
Network and had a self-reported emphysema diagnosis and 2+ score on the modified Medical Research Council 
Dyspnea Scale.  The relative importance of the attributes and the percentage of respondents who would select 
different treatment options was modeled using random-parameters logit. 
Results: Among 294 respondents, 51% always chose an interventional treatment option, while 19% always 
selected continued medical management. The most important change on average was moving from continued 
medical management (with no improvement in breathlessness) to an interventional treatment with improvement 
in breathlessness. The model predicted 71% of respondents would select a treatment option similar to removable 
endobronchial valve implants, 6% would select lung volume reduction surgery (LVRS), and 23% continued 
medical management. 
Conclusion: Patients with severe emphysema perceive that a procedure with risks and benefits similar to the 
Zephyr® endobronchial valve implants is desirable over continued medical management or LVRS.
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Emphysema is usually a progressive and debilitating 
disease characterized by irreversible destruction of 
alveolar tissue and reduced elastic recoil that causes 
progressive hyperinflation, gas trapping, and impaired 
gas exchange. Patients with emphysema experience 
chronic dyspnea, reduced exercise tolerance, and very 
poor quality of life. Medical treatment can palliate 
symptoms associated with severe emphysema, but 
the impact is limited.1,2 Despite optimal medical 
management, pulmonary rehabilitation, and long-term 
oxygen therapy, many patients with severe emphysema 
remain symptomatic. 

While lung volume reduction surgery (LVRS) 
has demonstrated clinical benefits in appropriately 
selected patients with emphysema, LVRS remains 
underutilized primarily because of high morbidity.3,4 
Techniques for bronchoscopic lung volume reduction 
(BLVR) have been developed and are available as 
treatment options outside the United States.5 The 
most widely studied BLVR technique, implemented 
outside of the United States since 2005, uses Zephyr® 
endobronchial valves (EBV®), which are the first to 
be approved for clinical use in the United States.6-9 
Bronchoscopic lung volume reduction with EBV 
placement has been shown to provide similar benefits to 
LVRS but with lower risk.9-12  Currently, less than 1% of 
the severe emphysema population in the United States 
receive LVRS, however it is estimated that as much 
as 15% of the population could qualify for surgery.3 
Many of these patients could also qualify for EBV, and 
it is likely even more patients would be eligible for 
treatment with EBV, given the less invasive nature of 
the procedure and its applicability in heterogeneous 
and homogeneous, predominantly upper and lower 
lobe disease.

Introduction 
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To our knowledge, no study has evaluated patient 
preferences for BLVR treatment for emphysema in 
comparison to medical therapy, even though such 
studies have gained popularity and regulatory bodies 
such as the U.S. Food and Drug Administration (FDA) 
have recently issued guidance for the use of patient 
preference data in regulatory decisions.13 By using 
quantitative preference elicitation methods, the 
relative importance of treatment attributes such as the 
level of benefit and risks of the treatment and patients’ 
willingness to trade off treatment risks against benefits 
can be better understood. 

We hypothesized that patients with emphysema 
would demonstrate clear and measurable preferences 
when presented with the potential benefits and 
risks of hypothetical interventional treatments 
versus continued medical management.  To test 
this hypothesis, this study used a discrete-choice 
experiment (DCE) survey to explore the preferences 
of patients with severe emphysema for hypothetical 
treatments with attributes associated with LVRS, BLVR 
with EBVs, and current medical management options. 
Discrete-choice experiments are an established method 
previously employed by the FDA to study preferences 
for surgical weight loss devices and in their decision 
to approve a device.14,15 Both LVRS and EBVs provide 
similar clinical benefits; however, each treatment is 
associated with specific adverse events.9-12,16-25

Study Population
The study utilized the COPD Foundation’s COPD 
Patient-Powered Research Network (COPD PPRN), 
an online registry, to recruit study participants in the 
United States.  All messages sent to COPD PPRN 
participants were approved by an institutional review 
board and sent through the COPD PPRN platform. The 
COPD PPRN is a voluntary registry of individuals who 
either have chronic obstructive pulmonary disease 
(COPD) or are at risk of developing COPD. The COPD 
Foundation sent email invitations with a link to the 
survey to PPRN members who had self-reported a 
physician diagnosis of emphysema and had registered 
approval to be contacted for research opportunities. 
The PPRN members received up to 2 additional 
reminders to complete the survey. All respondents 
provided informed consent. Respondents completing 
the survey were compensated with a $25 electronic gift 

Methods
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card. The key inclusion criteria were age ≥ 18 years, 
self-reported physician diagnosis of emphysema, no 
prior lung reduction procedure of any kind, and self-
reported score > 2 on the modified Medical Research 
Council (mMRC) Dyspnea Scale.26  

Survey Design
Patient preferences for emphysema treatments were 
measured using a web-based DCE survey. DCE surveys 
are based on the principle that people consider a range 
of attributes when they choose a product or procedure, 
such as a medical treatment. DCEs present choices 
between alternatives defined by a set of attributes; 
the levels of attributes are varied to create different 
hypothetical treatment profiles.27,28 Respondents’ 
choices over these hypothetical treatments provide 
quantitative measures of the relative importance of the 
attributes of multi-attribute products such as medical 
devices. There is an existing and growing literature of 
DCE surveys conducted to measure patient preferences 
for medical treatment features.29-31 In addition to 
the DCE questions, the survey included screening 
questions to confirm eligibility and informed consent 
and descriptive questions to collect respondents’ 
demographic characteristics, disease experience, and 
treatment history.

Discrete-Choice Experiment Questions
The DCE questions were a series of choices among pairs 
of hypothetical interventional emphysema treatments 
and the option of staying with the respondent’s current 
treatment (continued medical management). Table 1  
presents the attributes and levels used to create the 
series of hypothetical treatments presented in the DCE 
questions and the levels assigned to the fixed current 
treatment alternative.  Figure 1  presents an example 
of the DCE questions presented in the survey.

The attributes believed to be important to patients 
were identified from safety and efficacy outcomes 
associated with the EBV procedure, LVRS, and medical 
management using previously published literature 
and consultation with external clinicians who were 
experienced in treating patients with emphysema. The 
levels of the attributes were selected to span the range 
of outcomes observed in prior studies.10,18,32-34

Prior to the DCE questions, the survey presented 
a description of each attribute written in patient-
friendly language. The risk-based attributes—chance 
of pneumothorax and death—were presented both 

numerically and graphically.35 Respondents were 
asked a comprehension question about the risk grid 
and presented with the correct answer to reinforce the 
information. The attribute descriptions and levels were 
evaluated in 8 face-to-face pretest interviews with 
patients* who had a physician-confirmed diagnosis of 
emphysema. (* Pretest participants met the following 
inclusion criteria: physician-confirmed diagnosis of 
emphysema, postbronchodilator forced expiratory 
volume in 1 second [FEV1] ≥ 15 and ≤ 45% of predicted 
value, residual volume > 175% predicted, 6-minute 
walk test ≥ 100 m and ≤ 450 m.)

Definitions of Clinical Benefit
To define the primary benefit attribute “improvement 
in the ability to breathe and do day-to-day activities in 
the next year,” respondents were asked the 2 questions 
from the St George’s Respiratory Questionnaire 
(SGRQ)36 that comprise the activity domain (question 
11 and question 15). Answers to these 2 questions 
were used to establish a respondent’s baseline and 
customize the benefit each respondent would get 
from the hypothetical interventional treatments in 
the survey. The benefit attribute had 3 levels, which 
corresponded to better scores on the 2 SGRQ activity 
domain questions. With each level of improvement 
in the benefit attribute, respondents were told 
which additional activities in the SGRQ activity 
domain questions they would be able to do with less 
breathlessness, such as washing or getting dressed, 
walking around the home, or walking around outside on 
level ground, depending on their baseline responses.     

Figure 1 presents an example of the wording of the 
benefit. The online supplement contains more details 
on how the wording for the benefit description was 
created for each respondent. 

Experimental Design for Discrete-Choice Experiment 
Questions
The experimental design for the 2 hypothetical 
treatments in each DCE question was created in 
Sawtooth using a D-efficient algorithm to construct 
a fractional factorial experimental design.37,38 The 
design was evaluated for level balance and correlation. 
The full fractional design contained 36 DCE questions, 
which were used to create 4 blocks of 9 DCE questions 
each. Respondents were randomly assigned to 1 
of these blocks, and the order of the DCE questions 
was varied across respondents to mitigate bias from 
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question order effects.

Data Analysis
The DCE data were analyzed using a random-
parameters logit (RPL) model that relates the choices 
respondents make to the differences in attribute levels 
among alternatives in each choice question.39 The 
model estimates how changing the benefits and risks 
of the hypothetical treatments affects the probability 
that respondents select an alternative, producing an 
estimate of the relative importance of the different 
benefits and risks to respondents’ decisions. 

The results from the RPL model were applied to 
treatment profiles with specific sets of attributes to 
predict the proportion of the sample that would select 
one option over another (see online supplement 
for details). First, we calculated the proportion of 
respondents who would select a treatment with 
attribute levels similar to EBVs and a treatment with 
attribute levels similar to current treatment using the 
assumptions in Table 2. Additional preference shares 
were calculated for the choice among 3 options—EBVs, 
LVRS, and current treatment (continued medical 
management)—based on profiles where EBVs and 
LVRS both start with the highest benefits (highest 
improvement in ability to breathe and hospitalizations 
every 3 years for exacerbations), LVRS has a 90% risk 

of tear in the lung and a 5% risk of death, and EBVs have  
a 30% risk of tear in the lung and a 3% risk of death. 
From this baseline, we explored the impact of a change 
in each attribute for EBVs on choice probability, where 
the level of each attribute was adjusted individually to 
the next best level for the EBV profile.

The RPL results were also used to calculate the 
maximum level of each treatment-related risk that 
respondents would accept in exchange for specific 
improvements in the efficacy attributes. (See the online 
supplement for details.)

Sample
A total of 1137 individuals in the PPRN were asked to 
participate in the online survey and 515 accessed the 
link to the survey. Of the 324 participants who met the 
eligibility criteria and consented to participate, 294 
completed the survey (Figure 2).

Demographic characteristics of respondents are 
summarized in Table 3.  The average age was 66 years. 
The self-reported average FEV1 was 34% predicted 
among respondents who knew their most recent FEV1 
score. The average time since diagnosis was 10 years.  

Table 3 contains the responses to the SGRQ 
questions 11 and 15, which were used to create the 

Results
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benefit attribute. Respondents reported breathlessness 
while doing routine tasks such as washing or getting 
dressed (83%), walking around the home (76%), and 
walking around outside on level ground (96%).  They 
also reported walking slower than people their own 
age (99%) and that household chores take a long time 
(97%) because of their breathing difficulties.   

Discrete-Choice Experiment Results
On average, respondents preferred the hypothetical 
interventional treatments over current treatment, 
and they preferred an interventional treatment with 
“removable valves” (EBVs) over “surgery” (LVRS) 

based on the RPL results.  Avoiding a 1 percentage 
point increase in treatment-related risk of either death 
or pneumothorax was also valued highly; respondents 
valued avoiding a 1 percentage point increase in the risk 
of death approximately 4 times more than avoiding a 1 
percentage point increase in the risk of pneumothorax. 
Respondents confirmed that all attributes mattered 
to them, and all levels within each attribute were 
statistically different from each other at the 5% level 
(P < 0.05).  Respondents placed high relative value 
on greater improvements in activities they could do 
without breathing problems. Reducing the frequency 
of hospitalizations for COPD exacerbations from once 
every 6 months to every 3 years was the least important 
benefit. Additional details on the RPL results can be 
found in the online supplement.

Preference Shares
Figure 3  presents the results for the preference share 
calculations based on the RPL results when the profile 
with attribute levels like the EBV procedure is compared 
with current treatment. The model predicted that 76% 
of the sample would select a treatment with a profile 
like the EBV procedure and 24% would continue with 
current treatment.

Figure 4  presents the results for the preference 
shares under different assumptions for the attributes 
of the EBV procedure and includes 3 treatment choices 
instead of two. The top row is the baseline prediction 
(see Figure 4 for baseline profiles of LVRS, EBV, and 
current treatment). The model predicted that 71% of 
respondents would select the EBV procedure with the 
baseline treatment profiles. The other rows in Figure 
4 show the change in the preference share predictions 
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when the attribute levels for the EBV procedure are 
lowered to the next level for each attribute. Reducing 
the benefit from a 3-activity improvement to a 
2-activity improvement produced the biggest change 
in the proportion of the sample selecting the EBV 
procedure option, reducing the percentage from 71.4% 
to 64.6% and increasing the proportion of the sample 
selecting LVRS from 5.9% to 11.2%. Increasing the 
risk of death to 5% for the EBV procedure or the risk 
of pneumothorax to 40% did not meaningfully change 
the preference shares (71.4% at baseline to 69.0% and 
69.7%, respectively).

Maximum Acceptable Risk
Table 4 presents the maximum acceptable treatment-
related risk of death for improvements in breathlessness 
and for reductions in the frequency of hospitalizations 

for COPD exacerbations (results for risk of 
pneumothorax are presented in the online supplement). 
The maximum acceptable risk of death for a change 
from a 1-activity improvement in breathlessness to 
a 3-activity improvement was 9.8%. The maximum 
acceptable risk of death for a reduction in frequency of 
a hospitalization for COPD exacerbation of once every 
6 months to once every 3 years was 4.4%. On average, 
respondents were willing to tolerate a risk of death 
well beyond the upper range of 9% tested in the survey 
for a treatment that delivered at least a 1-activity 
improvement in breathlessness compared to current 
management with no improvement in breathlessness.
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This preference study found that patients with severe 
emphysema value access to an interventional treatment 
that offers benefits above and beyond their current 
medical management, despite the risks associated 
with these treatments. However, about 20% of the 
sample always selected current treatment in the DCE 
questions, suggesting that a subgroup of respondents 
was not willing to accept the additional risk of a new 
treatment to obtain further benefit. Preferences for 
attribute levels were ordered as expected, with better 
levels being preferred to worse levels. Further, all 
respondents completed the survey online, without 
any supervision, thereby reducing the chance of 
interviewer bias.  

The model predicted that 76% of the sample would 
select a treatment like the EBV procedure when 
choosing between a treatment profile with attributes 
like the EBV procedure compared with the profile for 
current treatment. The willingness of respondents 

Discussion 

to accept mortality risk for 1 of the 
hypothetical interventional treatments, if 
it provided at least 1 level of improvement 
in breathlessness over current treatment 
with no improvement in breathlessness, 
was estimated to be significantly greater 
than 9%, the upper end of the range used 
in the survey. On average, respondents 
were willing to accept additional mortality 
risk of approximately 4% to 10% to 
achieve additional improvements in 
breathlessness above the lowest level of 
the attribute in the survey (a 1-activity 
improvement). Respondent’s responses to 
the SGRQ questions at baseline suggest 
that the sample experienced significant 
difficulties in their daily lives because 
of breathing problems. These breathing 
difficulties most likely account for their 
willingness to accept the risks associated 
with new treatment options in exchange 
for improvements in breathlessness. 

The results of the DCE survey should be 
interpreted in the context of limitations 
related to the survey instrument and 
sample. Creating a DCE survey instrument 
requires balancing a thorough description 
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of the treatment against any comprehension limits of 
the respondent and the burden of the survey. Not all 
of the features associated with EBVs or LVRS could 
be included as attributes. In the descriptions of the 
attributes and types of treatments, every effort was 
made to present neutral descriptions that provided 
an accurate, concise description of the benefits and 
risks. The final presentation of attributes was reviewed 
by clinical experts and pretested in patients with 
severe emphysema. The primary benefit attribute for 
the survey was based on the 2 questions from the 
SGRQ that comprise the activity domain.  The SGRQ 
is a subjective scale, and the 2 questions measure 
overlapping concepts (breathlessness while doing 
activities and how activities are affected by breathing 
problems). Respondents may have interpreted the 
benefit described in the survey differently than if they 
had been experiencing the benefits during the clinical 
trial. The time frame for the risk of pneumothorax in 
the survey was within 1 month of treatment. The survey 
text describes the pneumothorax as occurring right 
after treatment and resulting in an increased hospital 
stay. Depending on how respondents interpreted the 
attribute, the survey does not measure the value of 
reducing the risk of a pneumothorax that occurs when 
the patient is at home and requires a new hospitalization. 
Finally, the survey presents hypothetical scenarios to 
respondents. A survey instrument does not replicate 
the experience of talking with a doctor about treatment 
options. Decisions made in the survey may not fully 

predict decisions made in a clinical setting, where 
other considerations may come into play. For example, 
it is unclear how the acceptance of mortality risk in 
an online survey compares to decisions made with a 
physician.

The sample was recruited by the COPD Foundation 
from their patient registry and was limited to those 
members with an e-mail address. Members of the 
COPD Foundation’s PPRN may not be representative 
of the views of all patients. In addition, the respondents 
provided a self-reported diagnosis of emphysema 
and responses to a short list of the inclusion criteria 
that primarily measured levels of dyspnea. Eligibility 
for the COPD Foundation registry is based on self-
reported information, and the screening questions in 
the survey instrument reverified the inclusion criteria.  

Despite the limitations of the recruitment method, 
the baseline characteristics of age, FEV1 (if known), 
and mMRC of the respondents matched well to the 
baseline characteristics of patients studied in the 
TRANSFORM, IMPACT and LIBERATE trials of the 
EBV procedure.9,10,25

Emphysema progressively erodes quality of life, and in 
patients with severe emphysema, the disease can cause 
patients to struggle to complete routine daily activities 
such as bathing and dressing. Patient preference 

Conclusion 
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studies can provide evidence on how individuals view 
treatments that are not currently available on the 
market. The results of this preference study show that 
the majority of respondents would select a procedure 
with risks and benefits similar to those of the Zephyr® 
EBV procedure over both current medical management 
and LVRS. 
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