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Abstract 
Huntington disease (HD) is a hereditary neurodegenerative condition characterized by progression of motor, cognitive, and 
psychiatric abnormalities. Despite the lack of definitive medications, current research efforts are actively assessing novel 
pharmaceutical interventions through phase III and IV clinical trials to mitigate the limited effectiveness of existing therapeutic 
approaches. The primary objective of these trials is to enhance symptom management and improve the overall quality of life for 
individuals diagnosed with HD. These trials show potential for development of further efficacious therapeutic interventions in future. 
To identify and provide details about medications tested in completed phase III and IV clinical trials for managing HD in adults. 
Publicly available and relevant phase III and IV trials registered at ClinicalTrials.gov analyzed. Usage of the trialed medications 
for HD reviewed. As of November 10, 2023, there were 242 phase III and IV clinical trials related to HD. Eight clinical trials from 
these met the inclusion criteria for the current study. The medications used in phase III and IV trials are minocycline, valbenazine, 
deutetrabenazine, tominersen, pridopidine (phase III), and memantine (phase IV). Evaluating phase III and IV clinical studies on 
HD highlights the importance of tailored approaches for each patient’s unique disease presentation. Current medications aim 
to manage HD symptoms, potentially improving outcomes and reducing disease progression risks. The growing emphasis on 
specific approaches reflects a better understanding of HD’s diverse symptoms, presenting opportunities for more effective and 
personalized treatment strategies.

Abbreviations: HD = Huntington disease, mHtt = mutant huntingtin.

Keywords: clinical trials, genetic, Huntington disease, neurodegenerative disorder, phase III and IV

1. Introduction
Huntington disease (HD) is a genetic neurodegenerative disor-
der characterized by progressive neuronal degeneration in the 
brain.[1] The etiology of this illness can be attributed to a genetic 
mutation that results in the synthesis of an atypical variant of 
the huntingtin protein.[2] It manifests with various motor, cogni-
tive, and mental symptoms.[3] The pathogenesis of HD is char-
acterized by the progressive deterioration of specific regions of 
the brain, especially the striatum. This degeneration process 
results in an imbalance in neurotransmitters, which affects the 
transmission of signals between neurons.[4] HD is characterized 
by a slow and steady decline of neurons, leading to a grad-
ual deterioration of motor and cognitive abilities over time.[5] 
The involuntary spasmodic or convulsive movements notably 
affect an individual’s motor coordination and equilibrium.[6] 
Cognitive impairment is a notable characteristic, resulting 
in challenges related to attention, memory deficits, and com-
promised cognitive processes involved in decision-making.[7] 
Psychiatric symptoms like depression, anxiety, and irritability 

complicate the clinical presentation of HD.[8] The chance of 
inheriting HD from an affected parent is 50% due to its hered-
itary nature.[9] Mutant huntingtin (mHtt) triggers the death of 
neurons in the striatum by initiating a series of biochemical 
processes. At the outset, it causes disturbances in essential sig-
naling pathways implicated in neurotransmission and synaptic 
plasticity, compromising the communication between neurons. 
Simultaneously, mHtt disrupts the functioning of mitochon-
dria, resulting in reduced energy generation and increased 
oxidative stress, further compromising the integrity of cells. In 
addition, mHtt facilitates the creation of harmful protein clus-
ters by causing abnormal interactions between proteins, which 
disrupts cellular functions and encourages neural dysfunction. 
The complex interaction of molecular dysregulation eventually 
leads to the death of neurons in the striatum, which is a signif-
icant characteristic in the development of HD.[10] mHtt in HD 
causes neural circuit anomalies in the cortico-striatal-thalamo- 
cortical circuit, which controls motor control and cognition. 
The striatum degenerates due to mHtt-induced neurotransmis-
sion abnormalities, neuronal excitability, and excitotoxicity. 
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Disorders in connected brain regions aggravate motor and 
cognitive deficiencies. Neurodegeneration spreads as the con-
dition progresses, worsening symptoms.[11] Neuroinflammation 
is a significant factor in the neurodegenerative progres-
sion of HD, with disturbances in neuronal circuits and the 
buildup of mHtt aggregates. Increased concentrations of pro- 
inflammatory cytokines and activated glial cells have a role 
in impairing neurons and worsening disease progression. 
Approaches aimed at addressing neuroinflammation, such as 
utilizing minocycline, an antibiotic with anti-inflammatory char-
acteristics, have shown potential in preclinical investigations 
via the mitigation of microglial activation and the reduction of 
neuronal degeneration. Moreover, neurodegeneration mediated 
by mHtt entails the activation of apoptotic pathways, resulting 
in the deliberate demise of damaged neurons.[12] Individuals’ 
disease progression varies and is impacted by variables such as 
mHtt accumulation. Those with more CAG repeats may rapidly 
deteriorate motor and cognitive function.[13]

The symptoms of this condition typically manifest during 
middle adulthood, with variations in intensity and timing 
among individuals.[14] Although a definitive treatment for HD 
is not yet available, the medical community focuses on imple-
menting supportive therapies and administering medications to 
effectively address symptoms and enhance the overall well-being 
of persons affected by the condition.[15–17] A meta-analysis of 4 
randomized controlled trials with 1130 patients (816 receiv-
ing pridopidine, 314 receiving placebo) found a nonsignificant 
trend favoring pridopidine in the Unified HD Rating Scale Total 
Motor Score (mean difference, −0.93; 95% CI, −2.01 to 0.14; 
P = .09). In 3 investigations, pridopidine significantly improved 
the Unified HD Rating Scale Modified Motor Score (mean dif-
ference, −0.81; 95% CI, −1.48 to −0.13; P = .02) compared to 
placebo. Pridopidine was well-tolerated, with no significant 
increase in adverse events (relative risk, 1.03; 95% CI, 0.94–
1.13; P = .49) or major adverse events (relative risk, 1.62; 95%, 
0.88–2.99; P = .12).[18] Various medications are available to 
effectively reduce symptoms and improve the overall well-being 
of people affected by the condition. Tetrabenazine is effective in 
reducing chorea and providing relief from involuntary motor 
disorders. Additionally, psychotropic medications like risperi-
done or olanzapine can be prescribed to manage mental symp-
toms effectively.[17,19]

Changes significantly influence the presentation of symptoms 
in HD in dopamine levels. The process of striatal degeneration, 
characterized by a high concentration of dopamine receptors, 
leads to the disruption of dopaminergic signaling. The deple-
tion of medium spiny neurons is associated with a reduction in 
the suppression of dopamine release, leading to the dysregula-
tion of dopamine levels. The imbalance of motor function and 
psychological symptoms is often reported in individuals with 
HD.[20] Excessive release of glutamate and inadequate GABA 
signaling lead to excitotoxicity and neuronal damage. Impaired 
glutamate and dopamine signaling exacerbate neuronal dys-
function and exacerbate symptoms of HD. Therefore, treating 
HD may include addressing glutamate dysregulation.[21] In 
addition to motor symptoms, individuals with HD frequently 
experience psychiatric manifestations, including mood distur-
bances and anxiety.[22] Antidepressant medications, specifically 
selective serotonin reuptake inhibitors and anxiolytics are com-
monly prescribed to target the various manifestations of the 
disease’s clinical presentation.[23] Clonazepam, which belongs 
to the benzodiazepine class of medications, is utilized as an 
additional pharmacological intervention for the management of 
HD.[24] The utilization of this medication extends to the mitiga-
tion of chorea and its related symptoms using its modulation of 
GABAergic neurotransmission.[25]

Although several studies have investigated the potential 
neuroprotective effects of coenzyme Q10, an antioxidant, 
and creatine supplementation in HD, the available evidence is 
inconclusive.[26,27] Therefore, additional research is needed to 

determine the effectiveness and safety of these interventions. As 
scientific research progresses, the field of pharmacological inter-
ventions for HD may change. This review covers several medica-
tions used to manage symptoms of HD, including minocycline, 
valbenazine, deutetrabenazine, Tominersen, pridopidine (phase 
III), and memantine (phase IV). This review aims to provide a 
comprehensive overview of the current pharmacological treat-
ments evaluated in phase III and IV clinical trials for HD. By 
analyzing completed trials, this paper seeks to identify the most 
promising therapeutic options and their mechanisms of action, 
assess their efficacy and safety, and highlight areas where further 
research is needed.

2. Methods

2.1. Data sources

ClinicalTrials.gov served as the primary data source for this 
review. ClinicalTrials.gov is a comprehensive public registry 
encompassing clinical trials conducted across 221 countries. 
It catalogues medical studies involving human volunteers and 
includes information on interventional studies. The search was 
conducted from inception until November 10, 2023, retrieving 
data from 242 relevant studies. Keywords utilized for the search 
included “Huntington’s,” “Huntingtin gene,” and “Chorea.” 
Inclusion criteria were defined as follows:

	 •	 Primary focus on HD.
	 •	 Phase III and IV interventions.
	 •	 Completion of trials.
	 •	 Inclusion of adult patients (age range: 18–64 years).
	 •	 Availability of results.
	 •	 Interventional studies.

The review process has been summarized in Figure 1.

2.2. Data collection and coding

A systematic approach was employed for data collection and 
coding. For each study, key parameters were documented, 
including study status (e.g., recruitment status, completion sta-
tus), availability of results, eligible populations (e.g., gender, age 
groups), and study type (observational or intervention-based). 
Additionally, study phases were identified and recorded. 
Information on each investigated drug and the geographical 
locations of all studies were documented. Following data col-
lection, all information was coded manually to ensure accuracy 
and consistency in categorization and analysis. This coding 
facilitated the organization and interpretation of data for sub-
sequent analysis.

2.3. Study design selection

Trials were selected for inclusion based on predetermined crite-
ria. Specifically, trials involving non-phase III and IV treatments 
were excluded. The selection process ensured a focused analysis 
of HD management interventions.

3. Results
Eight trials were included in this review after excluding trials. 
The medications used in phases III and IV are minocycline, 
valbenazine, deutetrabenazine, tominersen, pridopidine (phase 
III), and memantine (phase IV). The title of the trial, location, 
medication intervention, dose/regimen, route of administration, 
comparison, primary outcome measures, and phase are shown 
in Table 1.

Table 2 summarizes HD clinical trials, focusing on treat-
ments like Minocycline, deutetrabenazine, valbenazine, tom-
inersen, pridopidine, and memantine. These studies show 



3

Alharthi  •  Medicine (2024) 103:52� www.md-journal.com

varied efficacy and safety outcomes. For instance, valbenazine 
improved chorea symptoms with a good safety profile, while 
minocycline and tominersen encountered high dropout rates 
due to adverse effects, highlighting challenges in long-term 
management. Pridopidine demonstrated potential bene-
fits in motor functions, and memantine was well-tolerated, 
emphasizing the importance of developing tailored treatment 
approaches based on patient response and tolerability in clin-
ical practice.

4. Discussion
HD is an inherited neurodegenerative disorder that causing 
motor, cognitive, and psychiatric abnormalities. Currently, there 
is no curative treatment for HD. However, this paper provides 
valuable insights into the continuously evolving field of research, 
particularly the active investigation of innovative pharmaceuti-
cal interventions to improve symptom management and overall 
quality of life for individuals affected by HD. As of November 
10, 2023, this study reveals a significant aggregate of 242 phase 
III and IV clinical trials for HD. However, only 8 trials were 
found to satisfy the specific inclusion criteria delineated in the 
study. Keywords utilized for the search included “Huntington 
disease,” “Huntingtin gene,” and “Chorea.”

Several limitations should be acknowledged in this study. 
Firstly, reliance solely on data from ClinicalTrials.gov may 
introduce bias, as it represents only 1 source of clinical trial 
information. Utilizing additional databases could provide a 
more comprehensive and global overview of clinical trials 
related to HD. Secondly, the completeness and quality of data 
extracted from ClinicalTrials.gov may vary, potentially impact-
ing the reliability of findings. Incomplete or inaccurate data 

could influence the interpretation and generalizability of results. 
These limitations underscore the need for cautious interpreta-
tion and highlight opportunities for future research to address 
these challenges.

This study examines the diverse pharmacological charac-
teristics of minocycline, specifically emphasizing its effects on 
microglial activation, inflammatory responses, and apoptotic 
pathways related to HD. This review also highlights the effec-
tiveness and safety of other medications currently under investi-
gation, such as deutetrabenazine, which serves as a component 
in the therapeutic management of chorea, a characteristic symp-
tom observed in individuals with HD and tardive dyskinesia. 
The study also evaluates changes in the composite Unified HD 
Rating Scale Score-Z Score, providing significant insights into 
the motor and functional aspects related to HD. Additionally, 
pridopidine, a dopamine receptor modulator, has shown poten-
tial in alleviating motor deficits. Furthermore, the potential ther-
apeutic effects of memantine, a medication commonly used in 
the treatment of Alzheimer disease, are currently being inves-
tigated in the context of alleviating symptoms associated with 
HD.

Table 2 summarizes HD clinical trials, focusing on treatments 
like minocycline, deutetrabenazine, valbenazine, tominersen, 
pridopidine, and memantine. These studies show varied effi-
cacy and safety outcomes. For instance, valbenazine improved 
chorea symptoms with a good safety profile, while minocycline 
and tominersen encountered high dropout rates due to adverse 
effects, highlighting challenges in long-term management. 
Pridopidine demonstrated potential benefits in motor functions, 
and memantine was well-tolerated, emphasizing the importance 
of developing tailored treatment approaches based on patient 
response and tolerability in clinical practice.

Figure 1.  Summary of review process.
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4.1. Minocycline

Minocycline, belonging to tetracycline class of antibiotics, is a 
broad-spectrum antibiotic for managing diverse bacterial infec-
tions.[28] The mechanism of action involves the inhibition of bac-
terial protein synthesis, leading to the slowing of the growth 
in both Gram-positive and Gram-negative bacteria. In addition 
to its antibiotic properties, minocycline has anti-inflammatory 
effects, suggesting it is a valuable therapeutic choice for man-
aging inflammatory conditions.[29] It has garnered attention in 
the context of HD due to its potential neuroprotective effects.[30] 
Several studies have been conducted to examine the involvement 
of this medication in reducing neurodegenerative causes related 
to HD. These mechanisms include the attenuation of microg-
lial activation and inflammatory reactions and the modulation 
of apoptotic pathways. Ongoing research is being conducted 
to explore the potential therapeutic impact of minocycline on 
neurodegenerative disorders such as HD due to its multifaceted 
pharmacological properties.[31–33]

4.2. Deutetrabenazine

Deutetrabenazine indicates a significant progression in the phar-
macological treatment of chorea linked to HD and tardive dys-
kinesia. Deutetrabenazine is classified as a vesicular monoamine 
transporter 2 inhibitor.[34] Its mode of action primarily involves 
modulating neurotransmitter release, specifically dopamine.[35] 
Adopting a nuanced approach is of utmost importance when 
dealing with the involuntary and disruptive movements.[36] 
Significantly, it was developed to serve as a more stable substitute 
for tetrabenazine, thereby providing the benefit of an extended 
duration of effectiveness and a decreased frequency of dosage.[37] 
Deutetrabenazine exerts its therapeutic effects by modulating 
dopamine levels in distinct cerebral regions by inhibiting vesicu-
lar monoamine transporter 2, thereby facilitating the intensity of 
atypical motor manifestations linked to these neurologic condi-
tions.[38] Although it has demonstrated therapeutic advantages, it 
is not exempt from adverse effects; deutetrabenazine commonly 
includes drowsiness, insomnia, and fatigue.[39]

4.3. Tominersen

It is a pharmaceutical compound currently investigated by Roche 
and Ionis Pharmaceuticals for its potential therapeutic application 
in managing HD.[40] It aims to mitigate the advancement of HD 
by diminishing the quantities of the mHtt protein.[40] The safety 
and efficacy of tominersen in individuals with early manifest HD 
have been assessed through clinical trials. These trials aimed to 
evaluate the effects of this medication on multiple disease-related 
factors, encompassing both motor and cognitive function.[41]

4.4. Pridopidine

Pridopidine is a pharmaceutical compound presently undergoing 
examination for its prospective therapeutic utility in managing 
HD.[42] Pridopidine acts as a dopamine regulator by modulating 
dopamine receptors’ activity, intending to augment the trans-
mission of dopaminergic signals.[43] Various clinical trials have 
been undertaken to evaluate the effectiveness of the medication 
in treating the motor and cognitive deficits linked to HD, yield-
ing diverse outcomes.[44] Regarding tolerability, pridopidine has 
demonstrated a favorable safety profile in clinical trials, with 
frequently observed adverse effects encompassing dizziness and 
incidents of falling.[45]

4.5. Memantine

Memantine, which is categorized as an N-methyl-D-aspartate 
(NMDA) receptor antagonist, represents a therapeutic 

alternative for individuals experiencing moderate to severe 
stages of Alzheimer disease.[46] The precise mechanism by which 
it inhibits glutamate activity, a neurotransmitter involved in cog-
nitive processes, facilitates the regulation of inter-neuronal com-
munication within brain regions associated with memory and 
learning.[47] Memantine is commonly administered orally and is 
frequently used in conjunction with cholinesterase inhibitors to 
effectively manage symptoms associated with Alzheimer disease 
and alleviate cognitive decline.[48] Although it does not provide 
a cure, memantine demonstrates effectiveness in offering symp-
tomatic relief and improving daily functioning for individuals 
who do not respond adequately to alternative medications for 
Alzheimer disease.[49] In addition to its well-established use in 
Alzheimer disease, current research is investigating the potential 
of memantine in mitigating symptoms associated with HD.[50] 
Despite being less well-established in the context of HD, recent 
research and clinical trials have shown that memantine is a topic 
of continued interest due to its potential ability to alleviate the 
cognitive and motor impairments associated with this genetic 
disorder.[51]

This review is an essential component in understanding the 
current therapy methods for these devastating neurodegen-
erative diseases. It identifies and analyses the potential effi-
cacy and mechanisms of action of several medications, each 
presenting unique options for symptom therapy. The study 
emphasizes the importance of a comprehensive approach to 
illness treatment, acknowledging the supplementary role of 
non-pharmacological interventions such as physical and occu-
pational therapy, speech therapy, counseling, support groups, 
and pharmacological treatments. Furthermore, it highlights 
the need for personalized treatment methods, acknowledging 
the variability of HD symptoms and the necessity for tailored 
medications to improve patient outcomes. The review provides 
a resource for focusing efforts to improve the quality of life 
for those affected by HD, with implications for future research 
and clinical practice.

5. Conclusion
Evaluating phase III and IV clinical studies on HD highlights 
the importance of tailored approaches for each patient’s 
unique disease presentation. Current medications aim to 
manage HD symptoms, potentially improving outcomes and 
reducing disease progression risks. Several key outcomes and 
the current status of the analyzed trials have been identified 
from the analyzed trials. Minocycline demonstrated a prelim-
inary impact on HD progression but faced high dropout rates 
and serious adverse events, indicating challenges in long-term 
use. Deutetrabenazine showed potential benefits in managing 
symptoms with manageable adverse events and high comple-
tion rates, particularly effective in reducing chorea. This drug 
is now available for clinical use in managing HD symptoms. 
Valbenazine significantly improved chorea symptoms com-
pared to placebo, with positive clinical and patient global 
impressions. It is currently used as a treatment option for 
chorea in HD patients. Pridopidine showed significant motor 
function improvements and sustained benefits in extended 
treatment, making it a valuable therapeutic option. Further 
studies are ongoing to confirm its long-term efficacy and safety. 
Memantine demonstrated minimal serious adverse events and 
potential cognitive benefits, specifically in memory, for HD 
patients. It is being further evaluated for its broader therapeu-
tic potential in HD. These findings underscore the need for a 
comprehensive approach to HD treatment, focusing on per-
sonalized medicine and tailored strategies based on patient 
response and tolerability. Continued research is essential to 
enhance therapeutic options and improve the quality of life for 
individuals with HD. The data from ClinicalTrials.gov provide 
a foundational resource for advancing HD management. This 
review of phase III and IV trials offers a comprehensive look 
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at the current state of HD treatment, emphasizing personalized 
strategies and highlighting areas for future research to develop 
more effective therapies.
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