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ABSTRACT: Background: In the past decade, signifi-
cant advances have improved our understanding of the
mechanisms underlying HD pathobiology leading to sev-
eral putative therapeutic targets for HD.

Objective: The aim was to describe the Huntington’s
disease (HD) drug development clinical pipeline.
Methods: We analyzed all HD clinical trials described in
clinicaltrials.gov and the WHO International Clinical Trials
Registry from January 1, 2014, to November 13, 2025.
Studies were classified as interventional (pharmacologi-
cal and nonpharmacological) or observational (natural
history, biomarker, and other). Interventional trials were
further categorized according to phase of development
and type of intervention. Proposed mechanisms of action
were classified according to adapted Common
Alzheimer’'s and Related Dementias Research Ontology
definitions, with huntingtin lowering assigned as a sepa-
rate category.

Results: A total of 165 registered clinical studies for
Huntington’s disease (HD) were identified between 2014
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and the index date, requiring 7501 participants. These
included 54 observational studies and 111 interventional
trials. Of the 69 pharmacological trials, 54.9% have been
completed, 10.8% have been terminated, and 39.2%
remain active. Over the past 11 years, 50 different phar-
macological agents have been tested in 69 trials, with
21 agents currently being evaluated. Disease-modifying
therapies now account for 90.5% of phase 1 trials,
61.8% of phase 2 trials, and 55.6% of phase 3 trials in
the pipeline.

Conclusions: Over the past decade, the HD clinical trial
landscape has expanded and shifted toward disease-
modifying strategies, with significant changes in trial
design and a shift in the target population to an earlier
stage of disease. © 2026 The Author(s). Movement Dis-
orders published by Wiley Periodicals LLC on behalf of
International Parkinson and Movement Disorder Society.
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Currently, there is no licensed disease-modifying ther-
apy (DMT) for Huntington’s disease (HD), and the
only approved drugs are specifically indicated for cho-
rea. HD drug development has long faced significant
challenges, with numerous phase 2 and 3 trials failing
to demonstrate efficacy or encountering safety con-
cerns. Active research is now mainly focusing on
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therapies targeting disease-specific mechanisms at vari-
ous stages of drug development.’

For other diseases, such as Alzheimer’s,” careful
descriptions of the therapeutic landscape are published
regularly. In HD, although regular clinical trial updates
are published,®* a systematic review of the history and
evolution of the HD drug development pipeline over
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the past decade is not available. Here we have assessed
the HD clinical research landscape over the last decade,
including therapeutic purpose, mechanism of action,
required number of participants, duration, global distri-
bution, and funding.

Patients and Methods

Clinical Trial Metadata Extraction

Full methodologic details are provided in Supplement
S1. Briefly, we searched the clinicaltrials.gov database
and the International Clinical Trials Registry Platform’
using the keyword “Huntington(s) disease.” Duplicate
entries were consolidated so that each trial appeared
only once. Trials were reported according to their pub-
lished development phase.

Trial-reported outcomes were identified from scien-
tific publications. PubMed was queried using a custom
crawler tool (Rancho BioSciences). Searches were con-
ducted using clinical trial number, trial acronyms, and
drug names. Search results were manually reviewed,
and relevant publications were selected. A custom
Python script was used to systematically extract trial
outcomes from publications. Trial design elements and
outcome measures were comprehensively extracted
and structured in JSON format. All extracted results
underwent manual verification.

Clinical Trial Metadata Analysis

The index date for this review is November 13, 2025.
It includes all HD-specific trials classified as completed,
terminated, active—recruiting, active—not recruiting,
enrolling by invitation (including open-label extensions
of prior double-blind trials), and not yet recruiting
(these are included in the count of active trials in this
review). Trials that began before January 1, 2014, were
not registered on the index date, or primarily enrolled
healthy volunteers or participants with other diseases
were excluded. Studies that had the main population as
HD but also included individuals with related condi-
tions (eg, spinocerebellar ataxia or Parkinson’s disease
[PD]) were retained (Supplement S2). Trials marked as
withdrawn were excluded.

HD clinical studies were divided into interventional
(efficacy evaluation of biomarkers and therapeutics
[pharmacological and nonpharmacological]) and obser-
vational studies (categorized as natural history, bio-
marker, and other), and the number of studies per year
was calculated from the registered trial initiation date.
Interventional pharmacological trials were categorized
into those with potential DMTs or symptomatic treat-
ments, depending on the declared therapeutic purpose.
We derived the target and mechanism of the pharma-
cological agent based on the specific target or pathway
and biochemical interactions according to an

adaptation of the Common Alzheimer’s and Related
Dementias Research Ontology (CADRO) database,
which is a three-tiered classification system to organize
and compare basic, translational, and clinical research
projects across multiple funding organizations using
common terminology. Categories include neurotrans-
mitter receptors, inflammation, oxidative stress, metab-
olism and bioenergetics, cell death, growth factors and
hormones, synaptic plasticity/neuroprotection, epige-
netic regulators, cell replacement therapies, and
“other.” Because an ontology specific to HD does not
exist, we used CADRO categories when applicable
and assigned huntingtin (HTT) lowering as a separate
category.

Therapeutic agents were categorized as nucleic acid
therapies (eg, antisense oligonucleotides [ASOs], small
interfering RNAs [siRNAs]), antibodies, advanced
therapies (cell and gene therapy), small molecules,
and supplements. We classified repurposing trials as
the utilization of a known compound, licensed by the
U.S. Food and Drug Administration (FDA) or the
European Medicines Agency (EMA), in a novel indica-
tion, suggesting a new mechanism of action that pre-
dicts innovative therapeutic options.® Trials of
nonpharmacological interventions included behavioral
interventions (divided into cognitive and physical),
procedure/devices, and diet and dietary supplements.
Biomarkers were defined as a characteristic that is
objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or
pharmacologic responses to an intervention.”

Results

Overall, 165 registered clinical studies for HD were
identified between 2014 and the index date, comprising
54 observational studies (32.1%) and 111 interventional
trials (67.9%). A PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) diagram is
shown in Supplement S3, Figure el, and a searchable
summary of trials is provided in Supplement S2,
Tables S1-S4. Most of the interventional trials evalu-
ated the therapeutic safety and efficacy of pharmaco-
logical (n = 69) or nonpharmacological treatments
(n=33), and nine evaluated biomarker utility. A
breakdown of the studies by study type is shown in
Figure 1A. Figure 1B shows that about half (56/102,
54.9%) of the therapeutic trials in the 11-year pipe-
line have been completed, 11 (10.8%) have been ter-
minated, and 30 (39.2%) are active.

Interventional Trials

The status of the 33 diverse nonpharmacological tri-
als categorized into behavioral-cognitive, behavioral-
physical, diet, and device interventions is provided in
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Supplement S3, Figure €2, and the rest of this review
focuses on pharmacological interventions.

Over 11 years, 69 pharmacological trials were identi-
fied: 21 phase 1 (including phase 1/2), 34 phase
2, 13 phase 3 (including phase 2/3), and 1 phase 4 trial
(Supplement S3, Table el). These trials assessed
50 pharmacological agents (21 in active trials), with
several agents (eg, AMT-130, NestaCell, pridopidine,
PTC518, SAGE-718, tominersen) appearing in multiple
phases and different trials. Table 1 summarizes all
DMT trials (n = 32 agents in 47 trials), and Table 2
presents symptomatic therapies (n = 18 agents in 47 tri-
als). Most phase 1 trials (90.5%, n=19) evaluated
DMTs, including 7 nucleic acid therapies, 5 advanced
therapies, and 4 small molecules. The share of DMT
trials decreased in phase 2 (61.8%, n = 21) and phase
3 (55.6%, n="7), which included combinations of
nucleic acid therapies, cell therapies, antibodies, and
small molecules or supplements. Symptomatic therapies
were rare in phase 1 (two trials, both small molecules)
but more common in phase 2 (38.2%, n = 13) and
phase 3 (46.2%, n = 6), primarily targeting neurotrans-
mitter receptors. Note that some trials tested multiple
agents simultaneously, and some agents progressed
through several phases.

CADRO classification of the 50 pharmacological
agents is shown in Figure 2A and Supplement S3,
Table e2. Phase 1 (1/2) trials currently address four
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adapted CADRO biological process categorleg
alongside strategies for lowering HTT. In phas&

3?T1

2, agents target eight adapted CADRO categories, wit
a continued emphasis on HTT reduction. Phase 3 (2/3
trials primarily focus on five agents acting on neur
transmitter receptors, whereas others target metabolis
and bioenergetics, HTT lowering, or cell replacemen
therapy. Particularly, two phase 3 trials are long-ter
open-label extension studies of valbenazine, which
already approved for marketing in the United States.

Pipeline trends reveal a shift from symptomatic treats
ments to DMTs. Figure 2B shows the cumulative num$
ber of active trials per year. Between 2014 and 20153
small molecules for symptomatic treatment comprisedd
half of the new compounds entering the pipelinéﬁ
(n = 3), increasing to 83.3% (n = 5) in 2017 and 80%@
(n=4) in 2019. By contrast, DMTs accounted fogs:;
80% (n = 4) of new agents in 2021 and all new agents
introduced between 2022 and 2025.

Over the past 11 years, pharmacological trials have
enrolled 7501 participants. Of these, 1968 participants
are required for the 21 currently active interventional
therapeutic pharmacological trials, including 1727 for
DMT trials currently recruiting and 241 for active
symptomatic trials (Table 3). Phase 2 trials enrolled the
largest number of participants at 4201, followed by
phase 3 (2/3) trials with 2480 and phase 1 (1/2) trials
with 787 participants. Mean enrollment per trial type
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TABLE 1 Overview of all DMT trials 3 4
o-
DMT trials Phase 1 Phase 1/2 Phase 2 Phase 2/3 Phase 3 Grand total 3 8
$%
Antibody - - 2 (100) - - ) % pl
ANX005 = = 1 (100) = = 1 g‘ lw)
A O
VX15/2503 - - 1 (100) = - 1 o =
=
Cell therapy 2 (33.3) - 2 (33.3) 1.(16.7) 1(16.7) 6 E g,_
Fetal striatal cells 1 (50.0) - 1 (50.0) - - 2 E 8_
NestaCell 1 (25) = 1 (25.0) 1 (25.0) 1 (25.0) 4 9 éh
Gene therapy 4 (100) - - - 4 = § E_
a —+
AB-1001 = 1 (100) = = = 1 S35
< ocn
AMT-130 = 2 (100) = = = 2 é" § §
SPK-10001 - 1 .(100) - - - 1 25 )
o S
Nucleic acid therapy 2 (15.4) 7 (53.8) 2 (15.4) - 2 (15.4) 13 “3 3
N @
ALN-HTT02 1 (100) = = = = 1 X3
s 88
ER2001 1 (100) = = = = 1 L7
‘ 058
Tominersen (ISIS 44313) = 1 (100) = = - 1 > g %
o 20
Tominersen (RO723429) = = 1 (33.3) = 2 (66.7) 3 :__:r % 8
Tominersen = = 1 (100) = = 1 aT o ;
=3
V0659 - 1 (100) - - - 1 s02
g
WVE-001 = 2 (100) = = = 2 e 38
S 2<
3 :
WVE-002 - 2 (100) - - - 2 5 3 s
5 =
WVE-003 = 1 (100) = = = 1 328
[Q )
Small molecule 3 (13.6) 1(4.5) 15 (68.2) 1 (4.5) 2 9.1) 22 g oS
-+
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L O =
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<
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o S n
] ¢
Metformin - - - - 1 (100) 1 'é" % ?Dl
o 0w
MP-101 1 (100) = = = = 1 Q §_ 2
N-Acetyl cysteine® - - 1 (100) - - 1 3 3 2
Neflamapimod - - 1 (100) - = 1 3= =
5 =
NFraemieril e - - 1 (100) - - 1 223
Co=
S B 3 B 3 Ao o
Nilotinib 1 (100) 1 (:l; 3 13>
Pridopidine - - 2 (66.7) - 1(33.3) 3 3z
3 o
PTC518 (votoplam) = = 2 (100) = = 2 g g
Resveratrol® = = 1 (100) = = 1 g '
3=
SBT-020 - 1.(100) - - - 1 & =
of®
SKY-0515 1 (50) - - 1 (50.0) - 2 a3
Thiamine with biotine® = = 1 (100) = = 1 g g
29
Triheptanoin - - 1 (100) - - 1 < -
O o
Grand total 7 12 21 2 5 47 % =~
z
Note: Data are number of trials (% in each category). Bold values indicate the total number of trials per category. %' 8
Abbreviation: DMT, disease-modifying therapy. < 35
Ow
S
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TABLE 2 Overview of all symptomatic trials
Symptomatic trials Phase 1 Phase 2 Phase 2/3 Phase 3 Phase 4 Grand total
Small molecule 2 (9.1) 13 (59.1) 1(4.5) 5 (22.7) 1(4.5) P
Deutetrabenazine = = 1 (50) = 1 (50) 2
Nuedexta” — - - 1 (100) - 1
Fenofibrate = 1 (100) = = = 1
Haloperidol® 1 (100) - - - - 1
Lactobacillus® - 1 (100) - - - 1
-
Melatonin® = 1 (100) = = = 1 =3
Q
OMS643762 = 1 (100) = = = 1 <
Eh
0SU6162 - 1 (100) - - - 1 E
=
PF-02545920 - 2 (100) - - - 2 £
()
Risperidone = 1 (100) = = = 1 o
SAGE-718 1 (25.0) 2 (50) - 1 (25.0) - 4+ &
SOM3355 - 2 (100) - - - 2 o
>
SRX246 - 1 (100) - - - 1 o
=
Valbenazine = = = 3 (100) = 3 )
0]
Grand total 2 9.1) 13 (59.1) 1 (4.5) 5 (22.7) 1 (4.5) 2
=
[¢]
Note: Bold values indicate the total number of trials per category. Q
"Dextromethorphan and quinidine. [e]
*Haloperidol, risperidone, Zoloft, idebenone, and deutetrabenazine. (<|)
"Supplements. 3
Lactobacillus thamnosus, Saccharomyces cerevisiae, Bifidobacterium animalis ssp. lactis. 8_
O
<
=
>

also differed by therapy class and phase. In phase
1 (1/2), averages were 16.8 participants for DMT
advanced therapies, 48.8 for nucleic acid therapies,
37 for DMT small molecules, and 33 for symptomatic
therapies. In phase 2, these increased to 37 for DMT
advanced therapies, 147.7 for nucleic acid therapies,
170.5 for antibody therapies, 154.7 for DMT small mol-
ecules, and 113.7 for symptomatic therapies. Phase 3 tri-
als were largest, averaging 308 participants for DMT
therapies and 89 for symptomatic therapies. Using the
1979 Shoulson and Fahn staging system,® 93.8%
(n = 61) of trials were conducted in individuals with HD
after clinical motor diagnosis, with only 4 (6.2%) trials
explicitly including participants before motor diagnosis.

The average phase 1 trial duration was 381.7 weeks
for advanced (cell and gene) therapies and 136.4 weeks
for nucleic acid therapies and small molecule therapies.
Average trial durations were 147.2 weeks for phase
2 trials and 150.8 weeks for phase 3 trials, although
the higher proportion of symptomatic trials should be
noted.

Biomarkers

Of the nine interventional biomarker trials, five eval-
uated the sensitivity of the newly developed or existing

positron emission tomography radioligands and mag®
netic resonance imaging, one looked at the D2/D3 ands
S1R receptor occupancy of pridopidine, and one was a=
pharmacokinetic (PK)/pharmacodynamic (PD) study og
tominersen in plasma and cerebrospinal fluid. Overallp
20 (28.9%) of the pharmacological trials testin%?
15 agents had biomarkers as outcome measuresg,
12 (57.1%) in phase 1 (1/2), 6 (17.6%) in phase 2, and
2 (15.4%) in phase 3 (2/3). The most commonly usecg
biomarkers were levels of HTT protein, neurofilameng
light chain (NfL), and caudate volume. Note that nog
all outcomes are listed in clinicaltrials.gov.

asuad1q su

Current Drug Pipeline

There are currently 21 registered ongoing and
planned trials testing 17 compounds, with 15 initiated
in the past 2 years (Fig. 2; Supplement S3, Fig. e3). The
earliest active trial began in 2019 for AMT-130
(NCT04120493). Note that one trial (NCT04071639)
that tested a combination of three repurposed and two
agents approved for HD is not summarized in Figure 2
as there are no reports on its progress. Considered
together, current pharmacological trials require 1968
participants, the majority (n = 1145) in phase 2 trials.
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FIG. 2. HD (Huntington’s disease) drug development pipeline (A) by phase* and mechanism of action and (B) cumulative number of active studies per year".
*Some agents appear multiple times according to development phases. Number of current trials for 2025 are shown in Supplement S3, Figure e3. Agents
categorized as epigenetic regulators, oxidative stress and cell death/growth factors, and hormones (n = 1 each) are grouped under “other” targets. *Note that
the total number of active trials (in black) includes the trials for HTT-lowering agents (in red). [Color figure can be viewed at wileyonlinelibrary.com]

Global Trial Funding and Distribution

Overall, 50 (72.5%) of the 69 pharmacological clini-
cal trials were industry funded, including 9 (69.2%)

phase

3 (2/3) trials, 22 (64.7%) phase 2 trials, and

17 (81.0%) phase 1(1/2) trials. The majority of the

trials were conducted in North America and/or Europe
(86.1%). As shown in Figure 1C, most phase 1 trials
were conducted in Europe (38%) and North America
(19%), phase 2 trials were concentrated in Europe
(33%) and North America (24%), and phase 3 trials

Movement Disorders, 2026
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TABLE 3 Target enrollment for pharmacological trials by phase and purpose of treatment (DMT/symptomatic therapy)
DMT enrollment Symptomatic enrollment S Active
Active Active Total Percentage  enrollment Percentage
All trials trials All trials trials enrollment all enrollment all active enrollment active
Phase 1 221 (7) 168 (3) 66 (2) = 287 (9) 3.8 168 (3) 8.5
Phase 172 503 (12) 174 (5) = = 503 (12) 6.7 174 (5) 8.8
Phase 2 2851 (21) 1145 (7) 1350 (13) = 4201 (34) 56.0 1145 (7) 58.2
Phase 2/3 155 (2) 120 (1) 30 (1) 30 (1) 185 (3) 25 150 (2) 7.6
Phase 3 1814 (5) 120 (1) 461 (5) 161 (2) 2275 (1) 30.3 281 (3) 14.3
Phase 4 - — 50 (1) 50 (1) 50 (1) 0.7 50 (1) 25
Grand total 5544 (47) 1727 (17) 1957 (22) 241 (4) 7501 (69) 100.0 1968 (21) 100

Note: N = 69 all trials, N = 21 active trials. Bold values indicate the total number of trials per category.

Abbreviation: DMT, disease-modifying therapy.

were dominated by North America (46%). Current tri-
als are primarily in Europe (48%) and North America
(24%), with smaller proportions in Oceania, South
America, and East Asia.

Publication of Trial Results

Twenty-two (66.7%) of the 33 completed pharmaco-
logical trials had published results in the clinical trial regis-
try databases (Supplement S2), and 19 (7.5%) trials had
published results in peer-reviewed journals (phase
1, n = 4”12 phase 2, n = 10'%23; phase 3, n = 2>*?).
Twelve trials measured components of the Unified
Huntington’s Disease Rating Scale (UHDRS) as a primary
end point, and five trials had safety as a primary end point.
Four trials reported biomarker measurements as second-
ary or exploratory end points of pharmacological efficacy.
The median gap between trial completion date and trial
publication date was 3.5 years. There were 49 public
reports (press releases, publications, conference abstracts,
and presentations) announcing results from 33 pharmaco-
logical clinical trials testing 23 agents between 2014 and
the index date (Supplement S2).

Discussion

Our systematic review shows sustained interest in HD
drug development, with the overall number of studies
and annual trial initiations remaining relatively constant.
However, the nature of interventions has shifted, with
the past 5 years characterized by a significant increase
in industry-funded DMT trials, particularly at phase
2. Geographically, most studies are concentrated in
Europe and North America.

Our analysis shows that more interventional trials
and agents have been evaluated in the past decade com-
pared to the previous period.”® The evolution of the
drug development pipeline indicates that mostly agents

‘é&'n Jo so|ni'10) Ateaqn

aimed at symptomatic treatment entered the pipelin
between 2014 and 2019, whereas from 2021 to 2024¢
nearly all new agents were DMTs. The share of DM
agents has grown from 43.4% in the 15-year periods,
through 2017%% to 64.3% (27 agents). It is noteworthym—
that pridopidine was originally developed as a symptomg,
atic treatment, but the classification is now DMT, as the
proposed mechanism of action has been updated durinf§
development (from a dopaminergic stabilizer to a sigma-E
receptor agonist). It is the most extensively tested drug irg
HD, in terms of patient-years exposure,” despite falhn@
to reach significance on primary outcomes.

Currently, only 8.2% of the pipeline targets symp
tomatic treatment. This number is comparable t
Alzheimer’s disease, where 78 % of the agents currentl
under investigation are DMTs.? In HD, four differenf
advanced therapy agents are being evaluated in eigh
registered trials. The registered trial involving feta
striatal cells is a follow-up study of participants from
completed phase 2 trial.>* The AB-1001 trial remain
recorded as active, although the program has been dis
continued. The status of the phase 2/3 NestaCell exten
sion trial is currently unknown, and the phase 3 triaB
has not yet commenced.

A recent press release reported 3-year phase 1/2 data—
of AMT-130 in 12 individuals with early HIR
(HD Integrated Staging System [HD-ISS] stages 2 an(ﬁ
3), citing a 75% reduction in composite UHDRS
decline versus propensity-matched Enroll-HD controls
and a favorable NfL profile.>* Although previously con-
sidered a potentially acceptable basis for filing, more
recently the FDA determined that these data were insuf-
ficient, contributing to growing uncertainty among
sponsors about evidentiary expectations in the USA.

Overall, the 50 therapeutic agents for HD addressed
8 adapted CADRO categories and HTT lowering. The
most commonly tested compounds target neurotransmit-
ter receptors (12 agents) and different HTT-lowering
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DMT molecules (12 compounds). The high number of
HTT-targeting therapies in the clinical pipeline reflects
more than 20 years of research on the structure, func-
tion, and pathological effects of the HTT mRNA and
protein in multiple model systems.*'~** Including a new
trial initiated after our index date (NCT07246941),
the current pipeline includes 11 trials evaluating 8
HTT-lowering agents. Of these, only three (VO659,
WVE-003, and RG6496) are allele-selective/preferential
oligonucleotides, whereas the remaining agents target
both wild-type and mutant HTT. Three agents in the
pipeline (AMT-130, ALN-HTT02, and VO659) address
HTT exon 1 toxicity, and SKY-0515 also lowers PMSI1.
The HD field is uniquely rich in research tools and
assays, small and large animal models, patient data, and
observational clinical platforms that continuously sup-
port the development of clinical trials. However, as
evidenced by the diversity of clinical and biomarker out-
comes used as primary and secondary outcomes in cur-
rent trials, more work is needed on how to demonstrate
meaningful effects. This is especially important for HD-
ISS stage 2, which is currently the primary target popula-
tion for DMT, as is a stage where clinical symptoms and
signs can be subtle but still measurable. Ongoing efforts
to improve outcome measures and biomarkers will
enhance the trial environment in HD.

Overall, only 12 (24.5%) agents (3 advanced thera-
pies, 6 nucleic acid therapies, and 3 small molecules)
from the 50 pipeline agents were specifically designed
for HD. That only two agents (MBF-015 and PTC518)
have been tested in both phase 1 healthy-volunteer tri-
als can be explained by the prior conduct of phase
1 studies for development in other conditions and by
the fact that many HD-specific DMTs are not tested on
healthy volunteers. Four agents (8.2%, tominersen,
NestaCell, pridopidine, and SAGE-718) progressed
from phase 2 to phase 3, whereas three (6.1%,
deutetrabenazine, metformin, and valbenazine) were
tested in phase 3 trials. Tominersen was evaluated in a
phase 1/2 trial, followed by a phase 3 trial that was dis-
continued due to safety concerns. A phase 2 trial was
subsequently initiated in earlier-stage patients at a
lower dose. The phase 3 trial for NestaCell has yet to
start, and the SAGE-718 program for HD has been dis-
continued. Within the current pipeline, advanced thera-
pies have started to follow a hybrid approach, where
phase 1/2 trials are intended to provide a sufficient level
of confirmatory evidence for approval. However, the
regulatory path forward for this approach is currently
being established.

Of the 30 evaluated agents with completed trials,
only deutetrabenazine (USA, Israel, and Australia) and
valbenazine (USA) have received approval in the past
10 years. Although published within the current time
frame, the pivotal deutetrabenazine trial®®> was not
included in this current review as it started in 2013. As

reported previously, compared with other neurodegen-
erative diseases, HD clinical trial success rates are
higher from phases 1 to 2 but generally lower from
phases 2 to 3 and from phase 3 to regulatory
approval.”® For the studies included in this review time
frame, the success rate for therapeutic development in
HD is about 3%, compared with 19% for Alzheimer’s
disease,®* 15% for PD,*® and 4% to 12% for
amyotrophic lateral sclerosis.*® The likelihood of suc-
cess for a single compound in HD is also considerably
lower than that in other rare diseases. However, argu-
ably, the most innovative drugs under development for
HD are still undergoing clinical testing. The older
group of drugs tested had weaker mechanistic ratio-
nales, contributing to a lower likelihood of success
from the outset. In 2014, the success rate of orphan
drugs, in general, was 86.8% from phases 1 to
2, 70.0% from phases 2 to 3, and 66.9% from phase
3 to approval.®”

The majority of observational studies were biomarker
studies testing neuroimaging biomarkers. Particularly,
our reference period does not include several prospec-
tive observational studies that have been completed (eg,
TRACK-HD, TrackOn-HD, PREDICT-HD, and
IMAGE-HD) or those that are ongoing, including
Enroll-HD.*® Enroll-HD is the world’s largest study in
HD and an integrated clinical research platform that
has recruited more than 31,000 participants.’*® As the
primary ongoing observational study it provides con-
temporaneous natural history data that have recently
been used as an external comparator in controlled clini-
cal trials.>®** In addition, these studies have provided
high-profile datasets that have been used to build staging
models, identify genetic modifiers, investigate mecha-
nisms of progression, and guide clinical trial design.**?

Historically, most clinical trials aimed to enroll par-
ticipants with a clinical motor diagnosis of HD, and
accordingly, we found that the population included in
the clinical trial pipeline is usually relatively advanced.
However, due to a previous lack of systematic disease
staging criteria, we observed that trials used a multitude
of different inclusion criteria. The 2022 publication,
and more widespread adoption, of the HD-ISS** as a
new framework that describes the whole continuum of
HD from birth to death should help better define the
target population in clinical trials.*> However, its use
still requires supplementary selection criteria, drawing
on established measures such as the CAG-age product
(CAP), normalized prognostic index (PIN), UHDRS
total motor score (TMS), and total functional capacity
(TFC) to define the most appropriate participant sub-
groups. It is also pertinent to note that, although HD is
a rare disease, no studies were discontinued early due
to poor recruitment, which may, at least in part, be
explained by the significant contribution of the Enroll-
HD research platform®® in supporting the clinical
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development landscape. However, the growing trend
toward including participants before clinical motor
diagnosis highlights the need for the Enroll-HD study
to put further measures into place to facilitate the
recruitment of earlier-stage populations.

The duration of trials in each phase provides insight
into the time required for drug development programs
for HD. On average, current HD drugs require
9.8 years (from registered start date to registered com-
pletion date) to complete trials in phases 1-3. Impor-
tantly, the trial duration of phase 1 (1/2) trials with
advanced therapies was almost thrice longer than that
of nucleic acid therapies, antibodies, or small molecules
(85 vs. 30.5 months, respectively), and this accounts for
the increased trial duration from prior pipeline over-
views (the mean length of phase 1, phase 2, and phase
3 trials was previously reported to be 103, 279, and
456 days, respectively”®). Of note, only 26.2% of the
pharmacological trials reported biomarkers as out-
comes of pharmacological efficacy. This number is
lower than that for other neurodegenerative diseases,
where 54% of the trials performed between 2010 and
2020 used target engagement biomarkers.** Due to the
current focus on DMT, the ongoing development of
novel assays and technologies for NfL. and HTT detec-
tion and neuroimaging is critical to addressing this
urgent issue.

Overall, the data in this work encompass a dynamic
period in which clinical drug development has shifted
from repurposed drugs or supplements to a prolifera-
tion of targeted therapies, driven by small biotech firms
and the pharmaceutical industry. This scientific evolu-
tion has also led to significant changes in funding. We
observed a limited footprint of nonindustry funding
sources in HD, with most (74.0%) being funded, at
least in part, by commercial entities. This already repre-
sents an increase compared to the previously reported
60% industry-funded trials during 1999 to 2017*® and
is now comparable to Alzheimer’s disease, where 78%
of clinical trials are industry funded.>* We observed a
paucity of trials in South America, which would other-
wise be a very relevant region due to the comparatively
higher prevalence of HD in countries such as
Venezuela, Colombia, Peru, and parts of Brazil.*’
Although there are well-established HD research cen-
ters in these countries, trial involvement has been rela-
tively limited due to factors such as access to genetic
testing and limited availability of movement disorders
specialists®’; regulatory factors also impact. Only
51.5% of the completed pharmacological trials have
been reported in peer-reviewed publications, which is a
relatively low rate but comparable to what has been
reported previously in neurology trials*® and trials for
rare diseases.*” Unfortunately, this aligns with the trend
of low publication rates for clinical trials in general,*®
which has been improving in the United Kingdom after

L

political pressure and transparency initiatives,*® but
remains low in other geographies. The timely publica-
tion of trial results is crucial for building on learnings,
avoiding repetition of mistakes, and facilitating innova-
tive techniques like Bayesian analysis which depend on
prior informative data.

An unavoidable limitation of our analysis is time.
Just 1 week after our defined index date, a first-
in-human trial of a novel HTT-lowering agent com-
menced (NCT07246941). In addition, there are pub-
licly disclosed trials in planning but not e
registered, including HTT-lowering studies: twd@
phase 1 trials of novel agents (ATL-101, SRP-1005
two phase 2/3 trials (SKY-0151, WVE-003), and
phase 3 trial of votoplam. Pridopidine is expected t
undergo another phase 3 trial after a Withdraw
EMA marketing application, and SOM33535 is antic
pated to advance to a potentially registrational phas
3 trial. Other known DMT agents in preclinical an
clinical development involve mechanisms beyond
adapted CADRO  classifications,  particularl
targeting somatic instability and prime editin
approaches. Another key limitation is the reliance o
public trial registries. Although registered study,
sponsors are legally required to provide data and rega
ular updates, this has not been well enforced untif
recently, and the frequency of updates and the extenti
of information reported are largely at a sponsor’sg
discretion. Similarly, there is currently no mechanis
to ensure timely updates or to report on discontinued
programs. Therefore, the raw data on which thig
analysis is based are known to be somewhat deficie
and favoring, in terms of quantity and detai
industry-funded programs. @
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