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Abstract

Introduction: This research examined the perspective of the Huntington’s disease (HD) com-
munity regarding the use of predictive biomarkers as endpoints for regulatory approval of
therapeutics to prevent or delay the onset of clinical HD in asymptomatic mutation carriers.
Methods: An online, choice-based conjoint survey was shared with HD community members
including untested at-risk individuals, presymptomatic mutation carriers, and symptomatic
individuals. Across 15 scenarios, participants chose among two proposed therapies with differ-
ing degrees of biomarker improvement and side effects or a third option of no treatment.
Results: Two hundred and thirty-eight responses were received. Attributes reflecting biomarker
efficacy (e.g., prevention of brain atrophy on magnetic resonance imaging, reduced mutant
huntingtin, or reduced inflammation biomarkers) had 3- to 7-fold greater importance than
attributes representing side effects (e.g., increased risk of heart disease, cancer, and stroke over
20 years) and weremore influential in directing choice of treatments. Reduction inmutant hun-
tingtin protein was the most valued attribute overall. Multinomial logit model simulations
based on survey responses demonstrated high interest among respondents (87–99% of the pop-
ulation) for drugs that might prevent or delay HD solely based upon biomarker evidence, even
at the risk of serious side effects. Conclusion: These results indicate a strong desire amongmem-
bers of the HD community for preventive therapeutics and a willingness to accept significant
side effects, even before the drug has been shown to definitively delay disease onset if the drug
improves biomarker evidence of HD progression. Preferences of the HD community should
inform regulatory policies for approving preventive therapies.

Introduction

Huntington’s disease (HD) is an autosomal dominant, progressive, neurodegenerative disease
that affects approximately 30,000 people in the USA. The disease is caused by a CAG trinucleo-
tide repeat expansion in the huntingtin gene (HTT) with full disease penetrance when >39
repeats are present and partial penetrance with 36–39 repeats [1]. Thus, individuals who will
develop clinical HD can be identified prior to symptom onset by genetic testing that measures
the number of HTT CAG repeats.

While clinically manifest disease is typically diagnosed when motor symptoms appear
around middle age, the definitive diagnosis may be preceded by more subtle symptoms includ-
ing changes in mood, behavior, and cognition. Predicted age at onset of motor symptoms can be
estimated using a formula that incorporates current age and number of CAG repeats [1].
Importantly, biomarkers thought to correlate with disease activity show progressive changes
during the years and decades prior to clinical diagnosis [2,3]. High quality cross-sectional
and longitudinal studies in premanifest mutation carriers show progressive regional brain atro-
phy on volumetric magnetic resonance imaging (MRI) studies, elevations in mutant huntingtin
protein levels in plasma and cerebrospinal fluid (CSF), increased neurofilament light chain levels
in plasma and CSF, elevated YKL-40 levels in CSF, and elevated plasma inflammatory markers
such as IL-6 when compared to age-matched controls [4–17]. Moreover, these biomarkers wor-
sen as the disease progresses to overt symptoms [2,18].

By the time of definitive diagnosis, MRI demonstrates a mean volumetric loss of 27% in both
the caudate and putamen with an annualized rate of loss up to 4% and 3%, respectively, starting
as early as 15 years prior to onset of motor symptoms [19,20]. Based on HD’s natural history,
presymptomatic carriers could have an extended treatment window for preventive treatments
before symptom onset.

Regulatory approval of new drugs typically requires demonstration of both safety and
improvement in clinical endpoints. The US Food and Drug Administration (FDA) instituted
an Accelerated Approval Program to allow earlier approval of drugs that address a serious
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unmet medical need based on improvement of a surrogate end-
point that is thought to predict clinical benefit [21]. Using surro-
gate endpoints can substantially shorten the time to FDA approval,
but the drug company is required to conduct further studies to
confirm the anticipated clinical benefit. In its guidance for develop-
ment of therapeutics for early Alzheimer’s disease (AD) and amyo-
trophic lateral sclerosis, FDA encourages the development and use
of surrogate biomarkers that will predict clinical benefit [22,23].

The use of the Accelerated Approval Program is particularly
well suited for approval of drugs that might prevent or delay dis-
ease progression in presymptomatic HD patients for the following
reasons: 1) the disease has 100% penetrance in individuals with
>39 CAG repeats; 2) the age of clinical diagnosis can be approxi-
mated based on age and number of CAG repeats, thereby allowing
treatment to be instituted prior to onset of motors symptoms at a
time when surrogate biomarkers are known to diverge from the
control population; and 3) the natural history of brain regional
volumetric loss and CSF/serum biomarker measurements is well
established and these surrogate biomarkers are thought to predict
disease progression.

While the HD community has a strong interest in interventions
that may prevent symptomatic disease, there has been little inves-
tigation into the views of at-risk, presymptomatic, and sympto-
matic HD individuals regarding their willingness to take
preventive medications solely based upon improvement in bio-
markers of disease activity before the drug has been shown to
definitively delay symptom onset. In June 2020, FDA issued a final
guidance document on Patient-Focused Drug Development with
the goal of including patient experiences and preferences with
respect to treatment of a disease [24]. One approach to investigate
the patient perspective is through a choice-based conjoint (CBC)
experiment, a survey method designed to measure the preferences
of patients and the tradeoffs they would tolerate in a treatment
[25]. Originally developed for consumer marketing purposes,
medical researchers have used this method to analyze patient pref-
erences in numerous disease areas including AD, multiple sclero-
sis, and exercise research [26–28].

Here, we report the results of a CBC study with the HD com-
munity. We investigated participants’ willingness to take hypo-
thetical preventive therapies with various side effect profiles that
demonstrated different levels of improvement in several bio-
markers thought to correlate with disease activity.

Methods

Standard Protocol Approvals, Registrations, and Patient
Consents

The study was approved by the Stanford University Institutional
Review Board (Protocol #45684). All participants provided their
fully informed written consent.

Study Population

We recruited individuals from the HD community who were
symptomatic with HD, presymptomatic mutation carriers, or
untested and at-risk for HD based on family history. All partic-
ipants who completed the study stated that they were 18 years or
older, that they had a parent with HD, and that they had not
tested negative for the mutant huntingtin gene. Participants were
recruited through the Huntington’s Disease Society of America
(HDSA) website, the Huntington’s Disease Youth Organization,
and a series of paid advertisements on Facebook targeting those

in the HD community. The advertisements were primarily shown
to individuals over 18 years in age who displayed an interest in HD.
Individuals who clicked the link were brought to a website display-
ing the consent document which outlined the purpose of the study
and the potential risks and benefits of participation. Participants
who completed every question in the survey received a $25 gift card
to Amazon.com as an incentive. Participants whose survey dura-
tions were in the fastest quintile of respondents (<180 seconds)
were excluded from analysis to screen out potential participants
completing the survey multiple times. Survey responses were
anonymous and not linked to any identifiable personal informa-
tion. Contact information for the dispensation of the gift card
was entered in a separate encrypted, password-protected database
and not linked to participant responses.

Our target sample size was 150 respondents at-risk of develop-
ing HD and nomore than 300 respondents in total. The survey was
live from April 24, 2019, to May 24, 2019. We decided to end
recruitment at 238 individuals due to successful recruitment of
156 at-risk participants. Similar sample sizes have been utilized
in most published discreet choice studies [27,29,30].

Choice of Attributes and Levels

Attributes that might suggest therapeutic efficacy were determined
through a comprehensive literature search of biomarkers in the
presymptomatic HD population. Biomarkers were selected that
appeared to show a significant difference between gene negative
and presymptomatic individuals and were investigated in multiple
studies [2,4–8,31–33]. The three attributes representing therapeu-
tic efficacy selected were reduction in mutant huntingtin protein,
reduction in inflammatorymarkers, and reduction in brain shrink-
age on imaging.

Attributes and levels representing potential side effects in pre-
ventive therapeutics were selected following a small focus group
and a comprehensive search of the most common adverse events
observed in HD clinical trials with drug interventions listed on
clinicaltrials.gov. The focus group centered on discussing partici-
pant interest in preventive treatments, their knowledge and views
of biomarkers, and the side effects they would be willing to tolerate.
The three participants were recruited from San Francisco Bay Area
HD clinics and support groups. Participants were untested and at-
risk of HD based on family history and ranged in age frommid-20s
to mid-50s. Race and ethnicity information were not collected. We
selected three side effects that were either commonly listed in HD
clinical trials or highlighted in the focus group as being either unac-
ceptable or acceptable. The side effect attributes were an increased
risk of headaches, stomach and sleep problems; an increased risk of
anxiety, depression, and suicidal thoughts; and an increased risk of
heart disease, cancer, and stroke over 20 years. The six attributes
and levels used in the survey are found in Table 1.

Survey Design

The cross-sectional survey was conducted on the survey platform,
Sawtooth Lighthouse Studio. The survey consisted of three distinct
sections: demographic questions, HD education, and the CBC.
Seven multiple choice demographic questions assessed partici-
pants’ gender, age, whether a participant’s parent has/had HD,
whether the participant had tested for the mutant huntingtin gene,
and whether they had tested positive. We asked about the device
used to access the survey and required that participants use a desk-
top or laptop computer for optimal results. Respondents who were
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gene-negative, not at-risk for HD, or using a mobile device were
excluded from the study.

In the second section of the survey, we briefly described HD, the
symptoms that occur, and the genetic nature of the disease. In
addition, we informed the participant about biomarker changes
that have been observed to occur before symptom onset in HD.
Finally, we outlined the third part of the survey where they were
to assume to be at-risk for HD and had yet to show symptoms.

In the third and final section, participants were asked to choose
between a pair of preventive therapeutics for HD. Figure 1 shows
an example question. Each potential treatment in the choice task
displayed the six attributes found in Table 1 and a randomly gen-
erated level for that attribute as developed by the conjoint analysis
program Sawtooth Software [14]. The participant also had a third
null option indicating that they would take neither treatment.
Prior to initiating the CBC, participants were informed that no
drug in the study directly represented any drug currently under
study. Participants completed 15 choice tasks and were sub-
sequently directed to a separate form to receive an Amazon gift
card. The survey was pretested with individuals in the HD com-
munity for clarity and comprehension before administration. The
full survey including a sample CBC section can be found in the
Supplementary Material.

Statistical Analysis

The CBC data were analyzed through the commonly used
Hierarchical Bayes’ logit model [34]. The CBC software package
from Sawtooth Software Inc. was used to analyze the data and
to generate a model for simulations. All the parameters were speci-
fied to be normally distributed random parameters. No weighting
was used to adjust for non-representativeness of the sample.

Data Availability

Anonymized data relevant to this study will be made available by
request from any qualified investigator pending appropriate
Institutional Review Board approvals.

Results

Demographics

Eight hundred and sixty-seven visitors started the web-based sur-
vey. Five hundred and two visitors were screened out from the
study due to demographics (e.g., age) or use of a mobile device
and 82 did not complete the entire survey. Non-unique completes
were determined by the total elapsed time of the survey; the 45
individuals who completed the survey in less than 180 seconds
were deemed as non-unique and excluded from analyses. Two
hundred and thirty-eight individuals successfully completed the
web-based survey over the 1-month time period and were ana-
lyzed. The survey has a response rate of 27% defined as the number
analyzed completes divided by the number of survey starts.

Demographics of the participant population can be found in
Table 2. The majority were untested, at-risk individuals (UAR)
(N = 156; 66%). The remainder comprised of self-reported pre-
symptomatic mutation carriers (PSx) (N= 37; 15%) and sympto-
matic individuals (Sx) (N= 45; 19%). Given the low rate of early
testing for the huntingtin gene and the advertisements’ focus on
preventive medications, a high prevalence of UAR in the partici-
pant population was expected [35]. Participants’ racial and ethnic
backgrounds were not collected in the study.

Interestingly, the participant population had a gender imbal-
ance with 78% of the participants identifying as female. This imbal-
ance was observed across the three patient subclasses. The use of
Facebook as the primary marketing method likely contributed to
the uneven demographic [36]. Additional analyses have indicated
no significant differences in the responses of the survey between
men and women.

Overall, the age range of the population trended younger with a
sizable percentage of the respondents between the ages of 18 and
39. The UAR and PSx populations contributed heavily to this
breakdown with 72% and 79% of participants in the 18-to-39-year
age range, respectively. The Sx population contained the majority
of older participants with 47% of their population over the age of
40. Given the delay of symptom onset in HD, the increased age of
Sx participants was expected.

Biomarker attributes displayed significantly higher
preference values compared to side effect attributes

Table 3 and Fig. 2 display the attribute preferences of the partic-
ipants calculated through a hierarchical Bayes’model. Values nor-
malized to 0 and 95% confidence intervals are displayed. Higher
numbers represent an increased preference by the participants
for the specific attribute. Within each attribute, the most beneficial
level (e.g., 100% improvement in reduction of mutant huntingtin
protein) had significantly greater values than the least beneficial
levels (e.g., no improvement in reduction of mutant huntingtin
protein). Thus, the most beneficial levels were preferred to the less
beneficial levels. Moreover, the three attributes suggesting poten-
tial biomarkers of therapeutic efficacy (Reduction of Mutant
Huntingtin Protein, Reduction of Inflammation Markers,
Reduction of Brain Shrinkage) were considered more important
than the three attributes representing side effect risk. Finally,
analysis suggests a strongly negative interest in the “None” option

Table 1. Treatment attributes and levels used by participants in the choice-based
conjoint analysis

Attribute Level

Reduction of mutant huntingtin protein No improvement

50% improvement

100% improvement

Reduction of inflammation markers No improvement

50% improvement

100% improvement

Reduction of brain shrinkage No improvement

50% improvement

100% improvement

Risk of developing headaches, stomach,
or sleep problems

1 out of 100 people affected

10 out of 100 people affected

20 out of 100 people affected

Risk of developing anxiety, depression,
or suicidal thoughts

1 out of 100 people affected

5 out of 100 people affected

10 out of 100 people affected

Risk of developing cancer, heart
disease, or stroke over 20 years

1 out of 1000 people affected

1 out of 100 people affected

5 out of 100 people affected
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representing no treatment. The “None” attribute had a signifi-
cantly lower utility value than all other attributes.

Minimal difference observed in the importance of attributes
among UAR, PSx, and Sx participants

The importance of an attribute is calculated by subtracting the low-
est utility values from the highest utility values of an attribute and
dividing by the sum of the differences across all attributes.
Figure 3A shows the average importance of the six tested attributes
in the CBC. Reduction of Mutant Huntingtin protein was the
most important attribute (38.9%, CI: 37.3–40.5%) followed by
Reduction of Brain Shrinkage (26.9%, CI: 25.4–28.4%) and
Reduction of Inflammatory Markers (19.2%, CI: 18.2–20.2%).
All of these beneficial markers were 3–7× more important than
the attributes related to side effects. Thus, it appears that the

potential benefit given by a preventive drug drives the selection
of a treatment more than the potential risk.

In Fig. 3B, we analyzed the importance of attributes within the
three participant subgroups. There is a significant difference in the
importance of the Reduction ofMutantHuntingtin Protein between
PSx and UAR individuals (p< 0.01; PSx CI: 39.8–48.4; UAR CI:
35.8–39.6), and a significant difference between the importance
of the Reduction of Inflammatory Markers between PSx and Sx
(p< 0.05; PSx CI: 14.8–19; Sx CI: 18.5–24.5). Nevertheless, the over-
all trend of attribute importance amongst the subgroupswas surpris-
ingly consistent. Participants were most influenced by treatments
that would reduce huntingtin protein, followed by those that reduce
brain shrinkage and those that reduce inflammation in the brain.
The three attributes related to side effect were effectively indistin-
guishable from each other in terms of their low importance.

Fig. 1. Sample choice set for choice-based conjoint analysis.
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The HD community is willing to tolerate high side effects for
potential benefit

From our analysis of the CBC, we can use the multinomial logit
model in the Sawtooth Software Inc. and simulate the HD popu-
lation’s interest in various preventive HD therapeutics (i.e., choos-
ing a specific treatment over no treatment). Table 4 outlines

attributes of four potential therapies and the predicted community
uptake of the treatment. Drug A, a hypothetical treatment that
demonstrates very high efficacy in all three markers and the lowest
possible risk of side effects, had the highest predicted interest with
99% of the HD community interested in the drug. Drug B, which
has similar efficacy to Drug A, but the highest risk of side effects,

Table 2. Participant characteristics (N= 238)

Untested, at-risk Presymptomatic Symptomatic Total

N= 156 N= 37 N= 45 N= 238

Sample size 66% 16% 19% 100%

Gender Male 14% 38% 33% 21%

Female 86% 62% 64% 78%

Other 0% 0% 2% 0%

Age 18–29 44% 30% 18% 37%

30–39 28% 49% 36% 33%

40–49 16% 16% 18% 16%

50–59 10% 3% 20% 11%

60–69 1% 3% 7% 3%

70þ 0% 0% 2% 0%

Fig. 2. Average utility values for attributes and levels (N = 238). Error bars represent 95% confidence interval.
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was also predicted to have a high interest of 96%. If a preventive has
only 50% efficacy in biomarkers and minimal side effects, as in
Drug C, then 95% of the HD community is predicted to be inter-
ested in the drug. Increasing the risk of the side effects in the thera-
peutic, as in DrugD, only reduced the predicted percentage to 87%.
In every scenario, a very small percentage of the HD community is
predicted to be interested in the “no treatment” option.

Discussion

In this study, we investigated the HD community’s views towards
preventive medications and analyzed the side effects they would
tolerate for potential therapeutic benefit as assessed by biomarkers.
By performing a CBC experiment, we show that there is strong
interest from the community in HD preventive treatments. For
instance, the “None” attribute listed in Fig. 2, which indicates inter-
est in forgoing preventive treatment, had a significantly lower util-
ity value than all other attributes. Moreover, the predicted low
interest in the no treatment option in every scenario in Table 4 sug-
gests that the HD community is willing to try many medications
that have some possibility of efficacy. This observation is supported
by anecdotal evidence by the FDA. In their 2016 Report: The Voice
of the Patient: Huntington’s Disease, the FDA wrote: “Outside of a
cure, many participants wanted medication that could drastically
slow progression of symptoms or delay the onset of
symptoms. : : :One participant commented on the need to identify
or develop therapies that ‘can be given whether you’re at risk or you
are gene-positive, very, very early, well before onset’” [37].

When assessing preventive therapeutic options, participants
put a great deal more weight on the efficacy measures than the
potential side effects. Each of the biomarker measures had a
three- to seven-fold greater importance than the side effect risks
(Fig. 3), further supporting a strong tolerance for side effects for
potential benefit. Reduction of mutant huntingtin protein was
the most valued attribute, having the greatest influence on par-
ticipants’ decision. Interestingly, presymptomatic individuals
valued mutant huntingtin protein more than untested at-risk
individuals by a small but statistically significant amount. The
slight difference in preference is likely due to presymptomatic
individuals having increased knowledge of HD research.
Mutant huntingtin protein has been an important topic of the
research community for years and previous research has
observed that the presymptomatic community has a signifi-
cantly higher level of knowledge of HD research compared to
untested at-risk individuals [38]. While there is a slight differ-
ence in perception, both subgroups’ view of mHTT was signifi-
cantly increased compared to other attributes. This result
suggests despite minor differences between subgroups, the com-
munity has a strong understanding of the role that mutant hun-
tingtin protein plays in HD and interest in it as a biomarker.

Furthermore, our survey demonstrates that the HD community
has a high tolerance for risk of side effects. Increasing the risk of
side effects from the lowest to the highest levels in highly effective
drugs only reduced intention to take the therapeutic by 3% (Table 4
Drug A and B). Similarly, increasing the risk of side effects in
mildly effective drugs only reduced interest in the drug by 8%
(Table 4 Drug C and D).

Table 3. Results of hierarchical Bayes model – attribute preferences (N= 238)

Attribute Level Utility* 95% CI** p-value‡

Reduction of mutant huntingtin protein No improvement Set to 0

50% improvement 3.15 2.96, 3.33 <0.001

100% improvement 5.24 4.89, 5.58 <0.001

Reduction of inflammation markers No improvement Set to 0

50% improvement 1.64 1.53, 1.75 <0.001

100% improvement 2.47 2.31, 2.62 <0.001

Reduction of brain shrinkage No improvement Set to 0

50% improvement 2.17 2.01, 2.32 <0.001

100% improvement 3.53 3.28, 3.78 <0.001

Risk of developing headaches, stomach, or sleep problems 1 out of 100 people affected 0.63 0.57, 0.69 <0.001

10 out of 100 people affected 0.28 0.24, 0.31 <0.001

20 out of 100 people affected Set to 0

Risk of developing anxiety, depression, or suicidal thoughts 1 out of 100 people affected 0.54 0.46, 0.62 <0.001

5 out of 100 people affected 0.35 0.29, 0.40 <0.001

10 out of 100 people affected Set to 0

Risk of developing cancer, heart disease, or stroke over 20 years 1 out of 1000 people affected 0.68 0.59, 0.77 <0.001

1 out of 100 people affected 0.58 0.50, 0.66 <0.001

5 out of 100 people affected Set to 0

None −5.72 −6.13, −5.31

*Utility indicates the relative attractiveness of a product with that attribute.
**CI = Confidence Interval.
‡Paired Student’s t-test comparison of that level with the worst level of that attribute.
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Similar studies have been performed in other disease areas
including rheumatoid arthritis, breast cancer, osteoporosis, and
AD. Interestingly, in prior non-neurological studies, the partici-
pants display a low willingness to use a preventive therapeutic
[39–41]. Additionally, these studies have shown that individuals
have a high aversion to preventive treatments with any risk of side
effects [42]. However, a high interest in preventive treatment and a
high tolerance of side effect risk have been observed in AD [43,44].
This difference in preference may be due to the fear of dementia in
older populations and the absence of disease-modifying therapies
[45,46]. The lack of therapeutic alternatives may increase partici-
pant willingness to select a treatment with a high-risk profile. If a
disease-modifying treatment becomes available, the preferences of

the disease community may change in accordance with the drug’s
efficacy and side effect profile. Previous research has also demon-
strated that this current pro-treatment mindset can confound
results with some participants illogically selecting treatments with
no benefit and high side effect risk [43]. Additional investigations
should be performed to further understand the HD community’s
views on preventive medications over time, taking into consider-
ation the community’s pro-treatment bias and other treatment
attributes that are outside the scope of this study including the
method of treatment administration, the durability of the treat-
ment, and even higher side effect risk.

In addition, further analysis into the role of race and ethnicity
on the HD community’s views on preventive treatments should be
studied. While this investigation did not collect race or ethnicity
information from respondents, we hypothesize most respondents
to be those of Caucasian or African descent given the diagnostic
frequency observed in previous research [47]. Deeper speculation
into the differences in perception of preventive treatments between
racial and ethnic groups is beyond the scope of this study; however,
further research is needed to support racial equity in the HD com-
munity and the US healthcare system. By highlighting the impor-
tance of this demographic information in HD clinical studies, we
can reduce the potential of race-based disparity in clinical trial
enrollment observed in other neurodegenerative diseases [48,49].

This study has three primary limitations. First, the participants
who completed the survey may not accurately represent the entire
HD community. Individuals who are reluctant to complete online
surveys onHDmay have different views than those presented here.
In addition, by focusing our recruitment strategies on those with a
demonstrated interest in HD or the HDSA, our participant popu-
lation may be biased against those less involved in the HD commu-
nity. Thus, our analysis is best understood as a representation of
more active members of the HD community.

Second, our simulation of interest in potential HD drugs
only indicates an intention to take a preventive medication.
Individuals may have a different response when actually offered
the choice to start a therapeutic by their physician, and the cur-
rent percentages may be overstated. As more evidence becomes
available regarding biomarker performance and potential drug
side effects, additional studies should be performed to provide
further insights on the HD community’s preferences regarding
preventive therapeutics.

Finally, while the survey does demonstrate participant tolerance
for side effects based on their incidence, it does not include infor-
mation on severity. The potential for associated disability would be
an important factor in treatment discussions with patients and
should be investigated in future studies. However, the relatively
low importance of side effect attributes remains an informative
finding given the diversity of attributes investigated. While head-
aches, stomach, and sleep problems can range from mildly incon-
venient to severely debilitating, all grades of heart disease, stroke,
and cancer are serious medical complications. The insight that a
majority of patients are interested in these preventive treatments
regardless of side effect attribute and the lack of discrimination
between side effects further indicates the desire for preventive
treatments in HD.

Preventive medications are highly desirable as a means tomain-
tain health and prolong life in individuals at risk of developing
symptomatic HD. The use of predictive biomarkers as clinical
trial endpoints could accelerate the approval and clinical adop-
tion of these drugs. This study indicates a strong desire among
members of the HD community for preventive therapeutics

Fig. 3. Average importance of attributes. (A) Average importance of attributes overall
(N = 238). All differences are statistically significant unless otherwise indicated
(p< 0.05, paired sample t-test). ns: not statistically significant. Error bars represent
95% confidence Interval. (B) Average importance of attributes segmented by patient
subgroup. *p< 0.05, two-group t-test; **p< 0.01 error bars represent 95% confidence
intervals. Htt: Reduction of Mutant Huntingtin Protein; Inf: Reduction of Inflammatory
Markers; Brain: Reduction of Brain Shrinkage; Head/GI/Sleep: Risk of Developing
Headaches, Stomach, and Sleep Problems; Anx/Dep/ST: Risk of Developing Anxiety,
Depression, or Suicidal Thoughts; Can/Heart/Stroke: Risk of Developing Cancer,
Heart Disease, or Stroke over 20 years.
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and a willingness to accept significant side effects, even before
the drug has been shown to definitively delay disease onset, if
the drug improves biomarker evidence of HD progression.
These preferences of the HD community should inform the
development of new clinical and regulatory paradigms for
advancing preventive therapies in HD.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/cts.2022.372

Acknowledgements. This work was supported by the SPARK Translational
Research Program at Stanford University School of Medicine and the US
Food and Drug Administration (FDA) (U01FD004979), which supports the
University of California, San Francisco–Stanford Center of Excellence in
Regulatory Sciences and Innovation. The contents of this manuscript are solely
the responsibility of the authors and do not necessarily represent the official
views of the US Department of Health and Human Services or the FDA.
These funding sources had no role in the study design, implementation, or
analysis. The authors thank the members of the HD community who shared
the study with family and friends and those who took the time to participate
in the study as well as the Huntington’s Disease Society of America for
assistance in recruiting participants. The authors also thank Kathy Johnson
(SPARK Translational Research Program at Stanford University School of
Medicine) for her assistance in facilitating this project. Finally, they thank
Sawtooth Software for the academic grant program and the use of
Lighthouse Studio for the study.

Disclosures. The authors have no conflicts of interest to declare.

References

1. Langbehn DR, Brinkman RR, Falush D, Paulsen JS, HaydenMR. A new
model for prediction of the age of onset and penetrance for Huntington’s
disease based on CAG length. Clinical Genetics 2004; 65(4): 267–277. DOI
10.1111/j.1399-0004.2004.00241.x.

2. Paulsen JS, Long JD, JohnsonHJ, et al. Clinical and biomarker changes in
premanifest Huntington disease show trial feasibility: a decade of the
PREDICT-HD study. Frontiers in Aging Neuroscience 2014; 6: 78. DOI
10.3389/fnagi.2014.00078.

3. Bates GP, Dorsey R, Gusella JF, et al.Huntington disease.Nature Reviews
Disease Primers 2015; 1(1): 15005. DOI 10.1038/nrdp.2015.5.

4. Paulsen JS, Nopoulos PC, Aylward E, et al. Striatal and white matter pre-
dictors of estimated diagnosis for Huntington disease. Brain Research
Bulletin 2010; 82(3-4): 201–207. DOI 10.1016/j.brainresbull.2010.04.00.

5. Byrne LM, Rodrigues FB, BlennowK, et al.Neurofilament light protein in
blood as a potential biomarker of neurodegeneration in Huntington’s dis-
ease: a retrospective cohort analysis. The Lancet Neurology 2017; 16(8):
601–609. DOI 10.1016/s1474-4422(17)30124-2.

6. Byrne LM, Rodrigues FB, Johnson EB, et al. Evaluation of mutant hun-
tingtin and neurofilament proteins as potential markers in Huntington’s
disease. Science Translational Medicine 2018; 10(458): eaat7108. DOI 10.
1126/scitranslmed.aat7108.

7. Johnson EB, Byrne LM, Gregory S, et al. Neurofilament light protein in
blood predicts regional atrophy in Huntington disease. Neurology 2018;
90(8): e717–e723. DOI 10.1212/wnl.0000000000005005.

8. Tabrizi SJ, Scahill RI, Owen G, et al. Predictors of phenotypic progression
and disease onset in premanifest and early-stage Huntington’s disease in
the TRACK-HD study: analysis of 36-month observational data. The Lancet
Neurology 2013; 12(7): 637–649. DOI 10.1016/s1474-4422(13)70088-7.

9. Björkqvist M, Wild EJ, Thiele J. A novel pathogenic pathway of immune
activation detectable before clinical onset in Huntington’s disease. The
Journal Experimental Medicine 2008; 205(8): 1869–1877. DOI 10.1084/
jem.20080178.

10. Bouwens JA, van Duijn E, Cobbaert CM, Roos RAC, van der Mast RC,
Giltay EJ. Plasma cytokine levels in relation to neuropsychiatric symptoms
and cognitive dysfunction in Huntington’s disease. Journal of Huntingtons
Disease 2016; 5(4): 369–377. DOI 10.3233/jhd-160213.

11. Chang K-H, Wu Y-R, Chen Y-C, Chen C-M. Plasma inflammatory bio-
markers for Huntington’s disease patients and mouse model. Brain
Behavior and Immunity 2015; 44: 121–127. DOI 10.1016/j.bbi.2014.09.011.

12. Zeun P, Scahill RI, Tabrizi SJ, Wild EJ. Fluid and imaging biomarkers for
Huntington’s disease.Molecular Cellular Neurosciences 2019; 97(1): 67–80.
DOI 10.1016/j.mcn.2019.02.004.

13. Aylward EH, Nopoulos PC, Ross CA, et al. Longitudinal change in
regional brain volumes in Prodromal Huntington disease. Journal of
Neurology, Neurosurgery & Psychiatry 2010; 82(4): 405–410. DOI 10.
1136/jnnp.2010.208264.

14. Hobbs NZ, Barnes J, Frost C, et al.Onset and progression of pathologic
atrophy in huntington disease: a longitudinal MR imaging study.
American Journal of Neuroradiology 2010; 31(6): 1036–1041. DOI 10.
3174/ajnr.a2018.

15. Ross CA, Aylward EH,Wild EJ, et al.Huntington disease: natural history,
biomarkers and prospects for therapeutics.Nature Reviews Neurology 2014;
10(4): 204–216. DOI 10.1038/nrneurol.2014.24.

16. Squitieri F, CannellaM, SimonelliM, et al.Distinct brain volume changes
correlating with clinical stage, disease progression rate, mutation size, and age
at onset prediction as early biomarkers of brain atrophy in Huntington’s dis-
ease.CNSNeuroscience&Therapeutics 2009; 15(1): 1–11.DOI 10.1111/j.1755-
5949.2008.00068.x.

Table 4. Simulation of the Huntington’s disease (HD) community’s uptake of drugs with varying attributes

Reduction of: mutant hunting-
tin protein, inflammation
markers, and brain shrinkage

Risk of developing
headaches, stomach,
or sleep problems

Risk of developing
anxiety, depression,
or suicidal thoughts

Risk of developing
cancer, heart disease,
or stroke over 20 years

Predicted HD
community
uptake
of drug vs. no
treatment (%)

Drug A: 100%
biomarker benefit, low
risk

100% improvement 1 out of 100 people
affected

1 out of 100 people
affected

1 out of 1000 people
affected

99%

Drug B: 100%
biomarker benefit,
high risk

100% improvement 20 out of 100 people
affected

10 out of 100 people
affected

5 out of 100 people
affected

96%

Drug C: 50%
biomarker benefit, low
risk

50% improvement 1 out of 100 people
affected

1 out of 100 people
affected

1 out of 1000 people
affected

95%

Drug D: 50%
biomarker benefit,
high risk

50% improvement 20 out of 100 people
affected

10 out of 100 people
affected

5 out of 100 people
affected

87%

8 Marcus C. Parrish et al.

https://doi.org/10.1017/cts.2022.372 Published online by Cambridge University Press

https://doi.org/10.1017/cts.2022.372
https://doi.org/10.1111/j.1399-0004.2004.00241.x
https://doi.org/10.3389/fnagi.2014.00078
https://doi.org/10.1038/nrdp.2015.5
https://doi.org/10.1016/j.brainresbull.2010.04.00
https://doi.org/10.1016/s1474-4422(17)30124-2
https://doi.org/10.1126/scitranslmed.aat7108
https://doi.org/10.1126/scitranslmed.aat7108
https://doi.org/10.1212/wnl.0000000000005005
https://doi.org/10.1016/s1474-4422(13)70088-7
https://doi.org/10.1084/jem.20080178
https://doi.org/10.1084/jem.20080178
https://doi.org/10.3233/jhd-160213
https://doi.org/10.1016/j.bbi.2014.09.011
https://doi.org/10.1016/j.mcn.2019.02.004
https://doi.org/10.1136/jnnp.2010.208264
https://doi.org/10.1136/jnnp.2010.208264
https://doi.org/10.3174/ajnr.a2018
https://doi.org/10.3174/ajnr.a2018
https://doi.org/10.1038/nrneurol.2014.24
https://doi.org/10.1111/j.1755-5949.2008.00068.x
https://doi.org/10.1111/j.1755-5949.2008.00068.x
https://doi.org/10.1017/cts.2022.372


17. Scahill RI, Zeun P, Osborne-Crowley K, et al. Biological and clinical char-
acteristics of gene carriers far from predicted onset in the huntington’s dis-
ease young adult study (HD-Yas): a cross-sectional analysis. The Lancet
Neurology 2020; 19(6): 502–512. DOI 10.1016/s1474-4422(20)30143-5.

18. Wijeratne PA, Young AL, Oxtoby NP, et al. An image-based model of
brain volume biomarker changes in Huntington’s disease. Annals of
Clinical Translational Neurology 2018; 5(5): 570–582. DOI 10.1002/
acn3.558.

19. Kinnunen KM, Schwarz AJ, Turner EC, et al.Volumetric MRI-based bio-
markers in Huntington’s disease: an evidentiary review. Frontiers in
Neurology 2021; 12: 971. DOI 10.3389/fneur.2021.712555.

20. Bogaard SJ, Dumas EM, Acharya TP, et al. Early atrophy of pallidum and
accumbens nucleus in Huntington’s disease. Journal of Neurology 2010;
258(3): 412–420. DOI 10.1007/s00415-010-5768-0.

21. Center for Drug Evaluation and Research. Accelerated approval program.
U.S. Food and Drug Administration, October 26, 2020. (https://www.fda.
gov/drugs/information-health-care-professionals-drugs/accelerated-approval-
program).

22. Amyotrophic Lateral Sclerosis: Developing Drugs for Treatment - Guidance
for Industry. U.S. FDA Center for Drug Evaluation and Research,
September 2019. (https://www.fda.gov/media/130964/download).

23. Early alzheimer’s disease: Developing drugs for treatment - Guidance for
Industry. U.S. FDA Center for Drug Evaluation and Research, February
2018. (https://www.fda.gov/files/drugs/published/Alzheimer%E2%80%99s-
Disease—Developing-Drugs-for-Treatment-Guidance-for-Industy.pdf).

24. Patient-Focused Drug Development: Collecting Comprehensive and
Representative Input - Guidance for Industry, Food and Drug
Administration Staff, and Other Stakeholders, June 2020. (https://
www.fda.gov/media/139088/download).

25. Orme BK. Getting Started with Conjoint Analysis: Strategies for Product
Design and Pricing Research. Glendale: Research Publ., 2005.

26. Mansfield C, ThomasN, GebbenD, LucasM,Hauber AB.Preferences for
multiple sclerosis treatments. International Journal of MS Care 2017; 19(4):
172–183. DOI 10.7224/1537-2073.2016-039.

27. Aboagye E, Hagberg J, Axén I, et al. Individual preferences for physical
exercise as secondary prevention for non-specific low back pain: a discrete
choice experiment. PLoS One 2017; 12(12): e0187709. DOI 10.1371/
journal.pone.0187709.

28. Huang M-Y, Huston SA, Perri M. Consumer preferences for the predic-
tive genetic test for Alzheimer disease. Journal of Genetic Counseling 2013;
23(2): 172–178. DOI 10.1007/s10897-013-9627-x.

29. Marshall D, Bridges JFP, Hauber B, et al. Conjoint analysis applications
in health – how are studies being designed and reported? Patient 2010; 3(4):
249–256. DOI 10.2165/11539650-000000000-00000.

30. Zanolini A, Sikombe K, Sikazwe I, et al. Understanding preferences for
HIV care and treatment in Zambia: evidence from a discrete choice experi-
ment among patients who have been lost to follow-up. PLoSMedicine 2018;
15(8): e1002636. DOI 10.1371/journal.pmed.1002636.

31. Rodrigues FB, Byrne L, McColgan P, et al. Cerebrospinal fluid total tau
concentration predicts clinical phenotype in Huntington’s disease. Journal
of Neurochemistry 2016; 139(1): 22–25. DOI 10.1111/jnc.13719.

32. Rodrigues FB, Byrne LM, McColgan P, et al. Cerebrospinal fluid inflam-
matory biomarkers reflect clinical severity in Huntington’s disease. PLoS
One 2016; 11(9): e0163479. DOI 10.1371/journal.pone.0163479.

33. Niemelä V, Landtblom AM, Blennow K, Sundblom J. Tau or neurofila-
ment light-Which is the more suitable biomarker for Huntington’s disease?
PLoS One 2017; 12(2): e0172762. DOI 10.1371/journal.pone.0172762.

34. Orme BK. Hierachical Bayes: why all the attention? Quirk’s Marketing
Research Review March 2000

35. Evers-Kiebooms G, Decruyenaere M. Predictive testing for Huntington’s
disease: a challenge for persons at risk and for professionals. Patient
Education and Counseling 1998; 35(1): 15–26. DOI 10.1016/s0738-
3991(98)00086-x.

36. Whitaker C, Stevelink S, Fear N. The use of Facebook in recruiting par-
ticipants for health research purposes: a systematic review. Journal of
Medical Internet Research 2017; 19(8): e290. DOI 10.2196/jmir.7071.

37. The Voice of the Patient: Huntington’s Disease. U.S. FDA Center for Drug
Evaluation and Research, 2016. (https://www.fda.gov/files/about%20fda/
published/The-Voice-of-the-Patient–Huntington%E2%80%99s-Disease.
pdf).

38. Júlio F, Blanco R, Casanova JP, et al. Perceptions about research partici-
pation among individuals at risk and individuals with premanifest
Huntington’s disease: a survey conducted by the European Huntington
Association. Journal of Personalized Medicine 2021; 11(8): 815. DOI 10.
3390/jpm11080815.

39. Finckh A, Escher M, Liang MH, Bansback N. Preventive treatments for
rheumatoid arthritis: issues regarding patient preferences. Current
Rheumatology Reports 2016; 18(8): 51. DOI 10.1007/s11926-016-0598-4.

40. Neuner JM, Schapira MM. Patient perceptions of osteoporosis treatment
thresholds. The Journal of Rheumatology 2014; 41(3): 516–522. DOI 10.
3899/jrheum.130548.

41. Ropka ME, Keim J, Philbrick JT. Patient decisions about breast cancer
chemoprevention: a systematic review and meta-analysis. Journal of
Clinical Oncology 2010; 28(18): 3090–3095. DOI 10.1200/jco.2009.27.8077.

42. Waters EA,WeinsteinND, ColditzGA, EmmonsK. Explanations for side
effect aversion in preventive medical treatment decisions. Health
Psychology 2009; 28(2): 201–209. DOI 10.1037/a0013608.

43. Johnson FR, DiSantostefano RL, Yang J-C, Reed SD, Streffer J, Levitan
B. Something is better than nothing: the value of active intervention in
stated preferences for treatments to delay onset of alzheimer’s disease
symptoms. Value in Health 2019; 22(9): 1063–1069. DOI 10.1016/j.jval.
2019.03.022.

44. Hauber AB, Johnson FR, Fillit H, et al. Older Americans' risk-benefit
preferences for modifying the course of alzheimer disease. Alzheimer
Disease & Associated Disorders 2009; 23(1): 23–32. DOI 10.1097/wad.
0b013e318181e4c7.

45. Page KS, Hayslip B, Wadsworth D, Allen PA. Development of a multi-
dimensional measure to examine fear of dementia. The International
Journal of Aging and Human Development 2018; 89(2): 187–205. DOI
10.1177/0091415018784737.

46. Hajek A, König H-H. Fear of dementia in the general population: findings
from the German socio-economic panel (GSOEP). Journal of Alzheimer’s
Disease 2020; 75(4): 1135–1140. DOI 10.3233/jad-200106.

47. Bruzelius E, Scarpa J, Zhao Y, Basu S, Faghmous JH, Baum A.
Huntington’s disease in the United States: variation by demographic and
socioeconomic factors. Movement Disorders 2019; 34(6): 858–865. DOI
10.1002/mds.27653.

48. Raman R, Quiroz YT, Langford O, et al. Disparities by race and ethnicity
among adults recruited for a preclinical alzheimer disease trial. JAMA
Network Open 2021; 4(7). DOI 10.1001/jamanetworkopen.2021.14364.

49. Olson NL, Albensi BC. Race- and sex-based disparities in Alzheimer’s
disease clinical trial enrollment in the United States and Canada: an indige-
nous perspective. Journal of Alzheimer’s Disease Reports 2020; 4(1):
325–344. DOI 10.3233/adr-200214.

Journal of Clinical and Translational Science 9

https://doi.org/10.1017/cts.2022.372 Published online by Cambridge University Press

https://doi.org/10.1016/s1474-4422(20)30143-5
https://doi.org/10.1002/acn3.558
https://doi.org/10.1002/acn3.558
https://doi.org/10.3389/fneur.2021.712555
https://doi.org/10.1007/s00415-010-5768-0
https://www.fda.gov/drugs/information-health-care-professionals-drugs/accelerated-approval-program
https://www.fda.gov/drugs/information-health-care-professionals-drugs/accelerated-approval-program
https://www.fda.gov/drugs/information-health-care-professionals-drugs/accelerated-approval-program
https://www.fda.gov/media/130964/download
https://www.fda.gov/files/drugs/published/Alzheimer%E2%80%99s-Disease---Developing-Drugs-for-Treatment-Guidance-for-Industy.pdf
https://www.fda.gov/files/drugs/published/Alzheimer%E2%80%99s-Disease---Developing-Drugs-for-Treatment-Guidance-for-Industy.pdf
https://www.fda.gov/media/139088/download
https://www.fda.gov/media/139088/download
https://doi.org/10.7224/1537-2073.2016-039
https://doi.org/10.1371/journal.pone.0187709
https://doi.org/10.1371/journal.pone.0187709
https://doi.org/10.1007/s10897-013-9627-x
https://doi.org/10.2165/11539650-000000000-00000
https://doi.org/10.1371/journal.pmed.1002636
https://doi.org/10.1111/jnc.13719
https://doi.org/10.1371/journal.pone.0163479
https://doi.org/10.1371/journal.pone.0172762
https://doi.org/10.1016/s0738-3991(98)00086-x
https://doi.org/10.1016/s0738-3991(98)00086-x
https://doi.org/10.2196/jmir.7071
https://www.fda.gov/files/about%20fda/published/The-Voice-of-the-Patient--Huntington%E2%80%99s-Disease.pdf
https://www.fda.gov/files/about%20fda/published/The-Voice-of-the-Patient--Huntington%E2%80%99s-Disease.pdf
https://www.fda.gov/files/about%20fda/published/The-Voice-of-the-Patient--Huntington%E2%80%99s-Disease.pdf
https://doi.org/10.3390/jpm11080815
https://doi.org/10.3390/jpm11080815
https://doi.org/10.1007/s11926-016-0598-4
https://doi.org/10.3899/jrheum.130548
https://doi.org/10.3899/jrheum.130548
https://doi.org/10.1200/jco.2009.27.8077
https://doi.org/10.1037/a0013608
https://doi.org/10.1016/j.jval.2019.03.022
https://doi.org/10.1016/j.jval.2019.03.022
https://doi.org/10.1097/wad.0b013e318181e4c7
https://doi.org/10.1097/wad.0b013e318181e4c7
https://doi.org/10.1177/0091415018784737
https://doi.org/10.3233/jad-200106
https://doi.org/10.1002/mds.27653
https://doi.org/10.1001/jamanetworkopen.2021.14364
https://doi.org/10.3233/adr-200214
https://doi.org/10.1017/cts.2022.372

	Preventive drugs for Huntington's disease: A choice-based conjoint survey of patient preferences
	Introduction
	Methods
	Standard Protocol Approvals, Registrations, and Patient Consents
	Study Population
	Choice of Attributes and Levels
	Survey Design
	Statistical Analysis
	Data Availability

	Results
	Demographics
	Biomarker attributes displayed significantly higher preference values compared to side effect attributes
	Minimal difference observed in the importance of attributes among UAR, PSx, and Sx participants
	The HD community is willing to tolerate high side effects for potential benefit

	Discussion
	References


