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HD Diagnosis (1979-1999) 
Standardized HD diagnosis using the UHDRS motor exam
I.  MOTOR ASSESSMENT 
 
1.  OCULAR PURSUIT                   1a.          1b. 
 0 = complete (normal) 
 1 = jerky movement 
 2 = interrupted pursuits/full range 
 3 = incomplete range 
 4 = cannot pursue 

Horizontal   Vertical 

17.  DIAGNOSIS CONFIDENCE LEVEL       17. 
  
To what degree are you confident that this participant meets the operational definition of the unequivocal 
presence of an otherwise unexplained extrapyramidal movement disorder (e.g., chorea, dystonia, 
bradykinesia, rigidity) in a participant at risk for HD? 
 
 0 = normal (no abnormalities) 
 1 = non-specific motor abnormalities (less than 50% confidence) 
 2 = motor abnormalities that may be signs of HD (50%-89% confidence) 
 3 = motor abnormalities that are likely signs of HD (90%-98% confidence) 
 4 = motor abnormalities that are unequivocal signs of HD (≥ 99% confidence) 
 

DCL

TMS

Marker 1983
Gene 1993



Natural History Studies of HD
COHORT 1995
PREDICT 2000
REGISTRY 2002
TRACK 2008
ENROLL 2012







Lancet Neurol 2022; 21: 632–44
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Prognostic and diagnostic genetic biomarkers
Brinkman et al., 1995 Retrospective ww n > 4400
Langbehn et al., 2004 Brinkman data n ~ 2300
Langbehn et al., 2010 Prospectively diagnosed from ww Predict n=81
Zhang et al., 2011  Prospectively diagnosed n=250 of n~ 1500
Penney et al., 1997 Pathology and retrospective AO n=89 brains



HD is the prototypical autosomal dominant genetic 
disease ----------Timing of disease onset is polygenic

• GWA revealed loci on 
chromosomes 8, 15 and 3 
hastening or delaying onset

• Uninterrupted CAG is better 
predictor of onset

• Genetic mosaicism
• Somatic expansion throughout 

life, accelerating pathogenesis

GeM-HD (2015)
Genetic Modifiers of HD Consortium
Hong et al., 2021
Lee et al., 2022
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Biofluid biomarkers for Huntington’s disease
• Contributions consistent and frequent; Reviews 2016, 2018, 2021 and 2023

• Evaluations take one of a few approaches: 
• Reflecting/revealing pathogenic process
• Replications to increase rigor towards validation



Clinically useful Biomarkers
Mutant huntingtin protein (mHTT) and Neurofilament Light Chain (NFL)

I.  Value as pharmacodynamic 
marker is explicit
Requiring novel and ultra-sensitive assays
Associations with disease burden, 
advancing stage, estimated time (or 
probability) of onset (stronger in CSF than blood)

Used in multiple RCTs in HD

II. mHTT and NfL show X-sect’l
discrimination
Longitudinal change ineffective for 
monitoring HD progression. Why?

sample size follow up time

Or mHTT and NFL are ineffective at 
detecting change over time

F.B. Rodrigues, L.M. Byrne, R. Tortelli, E.B. Johnson, P.A. Wijeratne, M. Arridge, E. De Vita, N. Ghazaleh, 
R. Houghton, H.J.S.T.M. Furby, Mutant huntingtin and neurofilament light have distinct longitudinal 
dynamics in Huntington’s disease, Sci. Transl. Med. 12 (574) (2020)



Multimarker comparisons 
allow interpretation for 
Context of Use

Linear progressive changes: progression NC vs. HD: threshold for treatment
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Structural volumetric changes in prodromal HD

CROSS-SECTIONAL – DETECT diffs from NC

Aylward et al (2011); JNNP
Aylward et al (2011); PlosCurrents HD

LONGITUDINAL – progression
% Volume 
difference

Cross- sect’l
Effect size

Long’l
Effect Size

Brain structure

- 2.6 0.669 .18 Cortical GM

-12.7 1.328 .46 Thalamus

-10.3 1.445 1.17 CerebralWM

-31.7 2.290 .81 Caudate

-26.4 2.456 .63 Putamen



1. Largest and earliest changes in subcortex (20% 
change 2 years before impaired based on normals

2. Followed by a cascade of changes over 11 years
3. Imaging measures combined with other formula 

improve prediction of onset
4. Mean square error=4.5 years; maximum error = 7.9 

years

Structural changes in Huntington’s disease

Combined datasets: 
PREDICT TRACK IMAGE

Systematic reviews

European Journal of Neurology
November 2020 COI: 10.1111/enc/14648



Structural connectome = DTI

Diffusion Measures: Structural Connectivity

Movement Disorders, Vol. 35, No. 8, 2020

Systematic reviews



Functional connectivity in Prodromal HD

rsfMRI whole 
brain using seed-
based networks, 
graph theory & 
rich club analyses

Harrington et al (2015)
Koenig et al (2014)

graph theory

seed-based



262 connectivity publications in HD reviewed 5 published pages

Functional connectome = rsfMRI

Systematic reviews





• Atrophy deep gray to white matter
• Posterior-to-anterior gradient
• Early MD increases in the basal ganglia & 

occipital lobe, Late but rapid increases in 
corpus callosum & thalamus

Disease Course Maps using MRI

Human Brain Mapping 2017
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15 years (>60) clinical trials in HD J Hunt Dis 2017;6:157

41 registered studies today; 9 actively recruiting

• Antisense Oligonucleotides
• RNA Interference
• Small Molecules
• DNA target with Zinc Protein 

Fingers
• CRISPR/Cas9
• Stem Cell
• Antibodies

Therapeutic Area Probability of 
Success

Oncology 3.4
Central Nervous System 15.0
Autoimmune/Inflammation 15.1
Metabolic/Endocrinology 19.6
Genito Urinary 21.6
Infectious Disease 25.2
Cardiovascular 25.5
Opthalmology 32.6
Vaccines 33.4
Overall 13.8

World Health Organization 2022: Global Observatory on Health R&D



RCT Clinical Trials in HD
• ASO  lowering HTT protein;   n=791;  69 wks; placebo=trts dc’d

• Follow-on analyses show off-trt>on-trt and low age/low CAP improved
• New design developing

• ASO selectively lowering mHTT protein;  
• SNP1 and SNP2 dc’d; Now SNP3 ongoing

• AAV-based gene therapy to lower total HTT n=26, n=15, n=18
• VIBRANT-HD; oral HTT lowering - ongoing

• Branaplam is the small molecule splice modulator; RCT in SMA previously
• ongoing

• PIVOt-HD Orally taken small molecule splicing modifiers cross 
BBB and lower HTT ~50-60%; return to baseline in 72 hr -
developing

• Adding wearables
• TFC and IS at max; age >25; CAG=42-50; 
• Prodromal RCT .18-.493 enriched w/PIN
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Barriers and Opportunities

Limitations to direct comparisons:
1. Absence of standard disease nomenclature
2. Insufficient descriptions: methods & findings
3. Lack of standard burden scores
4. Variation in modalities and methods
5. Dearth of psychometrics 
6. Deficiency of statistical detail 
7. Different considerations for 

confounding/covariance



1. All researchers …complete description of research.
2. A institutions managing science … train in statistics.
3. A funding agencies … open-source tools and infrastructure 
4. A Journals … ensure reproducibility and enforce 
transparency 
5. The National Science Foundation …

•criteria for open repositories;
•harmonize repository criteria & data management plans 
•endorse archiving and preservation of digital artifacts 
•Ww nonpublic data to develop transparency

6. Professional societies … educate public & professionals 
about the evolving tools & methods of science 
7. Researchers … collaborate to meet the multi-disciplinary 
requirements of research

Barriers and Opportunities

A = All
… = should
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