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ABSTRACT: Huntington’s disease (HD) is cur-
rently diagnosed based on the presence of motor signs
indicating 99% “diagnostic confidence” for HD. Recent
advances in the understanding of HD natural history
and neurobiology indicate that disease-related brain
changes begin at least 12 to 15 years before the formal
diagnosis based on motor onset. Furthermore, subtle
motor dysfunction, cognitive changes, and behavioral
alterations are often seen before diagnosis made
according to the current criteria. As disease-modifying
treatments are developed, likely beginning therapy early
will be desirable. We therefore suggest that expanded
diagnostic criteria for HD should be adapted to better
reflect the natural history of the disease, to enable the
conduct of clinical trials in premanifest subjects target-
ing prevention of neurodegeneration, and to facilitate
earlier symptomatic treatment. We propose a new set of
criteria for HD diagnostic categories in the International

\_

~

Classification of Diseases that reflect our current under-
standing of HD natural history and pathogenesis. Based
on defined criteria, for example, the Diagnostic Confi-
dence Level and the Total Functional Capacity scales
of the Unified Huntington’s Disease Rating Scale, HD
should be divided in the categories “genetically con-
firmed” with the subcategories “presymptomatic,”
“prodromal,” and “manifest” and “not genetically con-
firmed” subdivided into “clinically at risk,” “clinically
prodromal,” and “clinically manifest.” © 2014 Interna-
tional Parkinson and Movement Disorder Society
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According to currently accepted criteria, Hunting-
ton’s disease (HD) is formally diagnosed in a person
who 1) carries a known CAG-expanded allele of the
HD gene or has a family history of HD and 2) devel-
ops motor symptoms that are “unequivocal signs of
HD” as defined in the “Diagnostic Confidence Level”
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(DCL) of the Unified Huntington’s Disease Rating
Scale (UHDRS). The DCL offers the following levels
of confidence: 0 = normal (no motor abnormalities);
1 = nonspecific motor abnormalities; 2 = motor
abnormalities that may be signs of HD (50-89% con-
fidence); 3 = motor abnormalities that are likely signs
of HD (90-98% confidence); 4 = motor abnormalities
that are unequivocal signs of HD (>99% confidence).
Within the UHDRS, motor symptoms are assessed
using the Total Motor Score (TMS),> which is a well-
established assessment tool in clinical research and is
frequently used as an endpoint in clinical trials. The
DCL assesses the clinician’s confidence that, based on
the TMS examination, the motor signs unequivocally
represent HD, in other words, an otherwise unex-
plained extrapyramidal movement disorder with, for
example, chorea, dystonia, bradykinesia, or rigidity.
Only a person who receives a score of 4 on the DCL
for the first time is said to have experienced “motor
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onset,” and this is the formal confirmation of the HD
diagnosis as defined for research purposes today.

The current version of the UHDRS also asks for a
DCL rating that expands to nonmotor features:
“Based on the entire UHDRS, which besides the TMS
offers assessments for cognitive, behavioral, and func-
tional components,” do you believe with a confidence
level >99% that this participant has manifest HD?>”?
Of note, this still does not include history. An
expanded and more clinically relevant question could
ask, “Based on the entire UHDRS (motor, cognitive,
behavioral, and functional components), and all avail-
able bistory do you believe with a confidence level
>99% that this participant has manifest HD?”

Several multi-site natural history and biomarker
studies have recently significantly extended our knowl-
edge about the neurobiology of HD, particularly 1)
PREDICT-HD, with a total of about 800 premanifest
HD cases and 200 control individuals, studied for up
to 10 years’”; and 2) TRACK-HD, having studied
360 individuals (240 CAG expansion positive, of
which half were premanifest, and 120 matched con-
trols), with extensive annual assessments involving
imaging and objective and clinical measures for 3
years.6’9

In both PREDICT-HD and TRACK-HD subtle clini-
cal motor abnormalities, cognitive changes, and often
behavioral alterations occurred before the point when
motor onset can be diagnosed according to current cri-
teria.>® Selective regional brain atrophy begins at least
12 to 15 years before the point at which manifest HD
can be diagnosed®!'® and exhibits measurable progres-
sion even early on,””'">!'? confirming earlier single-site
data.'® These changes in brain volume are accompa-
nied by changes in motor physiology as assessed by
sensitive quantitative motor (Q-Motor) measures early
on, suggesting a link between changes in brain struc-
ture and neuronal function.'*'” Cognitive and behav-
ioral deficits also commonly occur within the decade
before the current diagnosis.”!®1?

Thus, fairly good agreement exists regarding the
natural history of HD, comprising early changes as
described in more detail in our recent review.”’ The
course of HD can be divided into “premanifest” and
“manifest” periods (Fig. 1). The premanifest period
can be further subdivided. Initially, a period occurs in
which individuals show no subjective symptoms,
measurable abnormalities, or clinical signs and are
therefore termed “presymptomatic,” usually up to 10
to 15 years before onset. Individuals may then enter
the “prodromal” period, during which the gradual
appearance of subtle motor, cognitive, and behavioral
changes, which do not meet the current criteria for
formal HD diagnosis based on motor onset, occurs.

Early detection and management of motor, behav-
ioral and psychiatric problems may prolong function-
ing at work, increase social integration, and foster
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independence. Earlier diagnoses will facilitate design
of clinical trials and, ultimately, the development of
therapies targeting the prevention of neurodegenera-
tion, or disease-modifying therapeutics.

We therefore propose new diagnostic categories for
HD based on an improved understanding of natural
history and provide more precise criteria to terms
familiar in the field, such as “presymptomatic,”
“prodromal,” and “manifest” HD. With reference to
the current version of the “International Classification
of Diseases” [ICD-10-GM-2014] published by the
World Health Organization (http://apps.who.int/classi-
fications/icd10/browse/2010/en#/G10), we propose
new categories and subcategories for HD, based on
the currently assigned code “G10” (Table 1).
Although a definitive diagnosis of HD should be
reserved for proven CAG expansion carriers, those
developing symptoms and opting not to be tested
genetically may be categorized as “clinically diag-
nosed” but “genetically not proven.” In contrast,
those with proven CAG expansion could be catego-
rized as “genetically confirmed” HD.

Proposal for Diagnostic
Criteria and Categories Based on
Natural History of HD

The diagnosis of genetically confirmed HD is based
on a CAG expansion of 36 or more repeats in the
Huntingtin (HTT) gene.”" All untested patients are
categorized as “not genetically confirmed” (see later
discussion and Table 1).

Huntington’s Disease—Genetically
Confirmed (G10.1)

We propose three categories for those diagnosed
with “genetically confirmed” HD based on the follow-
ing criteria to be specified in the International Classifi-
cation of Diseases:

Huntington’s Disease— Genetically
Confirmed— Presymptomatic (G10.1.1)

In the presymptomatic diagnostic category, individu-
als do not exhibit symptoms and have no changes in
function. Thus, no relevant changes are seen in the
TMS of the UHDRS. For some individuals the TMS
may have nonspecific points, presumed by the clinician
to represent baseline. Thus, the DCL should be 0 or 1.
No HD-related functional changes should be present.
Imaging studies may show changes in brain structure,
and quantitative motor assessments may show subtle
deficits,”'* but no clinical correlates or functional
impairment should be evident at this stage. Future
studies may establish that other biomarkers such as
mutant huntingtin (Htt) concentration in peripheral
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FIG. 1. Natural history of clinical HD, and hypothesized changes in imaging biomarkers. The normalized CAP score enables progression of many
individuals with different CAG expansion lengths to be plotted on the same graph. Mean disease onset is at CAP score of approximately 100 (typi-
cally approximately 45 years of age), but substantial inter-individual variability exists. Without “normalization,” the CAP score at onset exceeds 400.
(A) Natural history. The period before diagnosable signs and symptoms of HD appear is termed “premanifest.” During the “presymptomatic” period,
no signs or symptoms are present. In “prodromal” HD, subtle signs and symptoms are present. Manifest HD is characterized by slow progression
of motor and cognitive difficulties, with chorea often prominent early but plateauing or even decreasing later. Fine motor impairments (incoordination,
bradykinesia, and rigidity) progress more steadily. (B) Hypothetical trajectory of several imaging biomarkers (best estimate based on current data:
the PREDICT-HD and TRACK-HD studies have not followed individuals across the entire range of HD). The globus pallidus is a representative sub-
cortical structure. Although overall cortical gray matter atrophy occurs at a late stage, more pronounced cortical layer-specific degeneration may
occur earlier. Abbreviations: CAP, CAG age product; HD, Huntington disease. Modified from Ross et al.?°

blood cells or cerebrospinal fluid may be changed,* tive deficits also commonly begin'®**%¢ In addition,
but again no clinical impact is detectable. At this there may be subtle changes in personality, including
stage, by definition, no symptomatic treatment would irritability and apathy, in prodromal HD.*’

be appropriate. However, in the future, disease- Major depression is common in individuals with the
modifying treatments might begin, when safe and CAG expansion, but it can occur at any time during
available. the natural history of HD,?” including very far from

motor onset. Major depression is quite common in
individuals who do not have the CAG expansion caus-
ing HD,?® and in HD it is not usually distinguishable
from depression outside of HD.*? In addition, depres-

Huntington’s Disease — Genetically Confirmed—
Prodromal (G10.1.2)

Prodromal HD may comprise a substantial period of sion is usually very treatable. For these reasons, we
time, possibly up to 10 years or more in some cases, propose not to use major depression as a sole criterion
before a clear and unequivocal diagnosis of manifest for establishing the diagnosis of prodromal HD. How-
HD can be made. The brain changes beginning in the ever, major depression is a diagnosis of its own and
presymptomatic period eventually result in early would certainly be a focus of treatment. If major
motor signs, including subtle deficits in motor coordi- depression is accompanied by subtle motor problems
nation and equivocal or slight choreiform move- and cognitive changes (not related to the depression
ments.®** Quantitative motor assessments likely show itself), then depression could be part of the picture
changes at this stage.”'* The motor DCL would be supporting a diagnosis of prodromal HD.
presumed to be 2, that is, changes that may be attrib- In prodromal HD, signs and symptoms would be
utable to HD but not clinically confident. Slight cogni- presumed to have only minor impact on the function
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TABLE 1. Huntington’s Disease (G10)*

HD Genetically Confirmed
(G10.1)

HD NOT Genetically Confirmed
(G10.2)

Presymptomatic HD (G10.1.1)
HD, genetically confirmed,
presymptomatic

(Motor DCL = 0 or 1)

— No clinical motor signs or symptoms

— No cognitive signs or symptoms

Clinically At-Risk for HD (G10.2.1)
HD, not genetically confirmed, clinically at-risk

— May or may not have changes in imaging,
quantitative motor assessments, or other

biomarkers

— No symptomatic treatment indicated
— Disease-modifying treatment when safe and

available

Prodromal HD (G10.1.2)
HD, genetically confirmed, prodromal

— Subtle motor signs (usually Motor DCL = 2)
— AND/OR subtle cognitive signs or symptoms

Clinically Prodromal HD (G10.2.2)
HD, not genetically confirmed, clinically prodromal

— Minor decline from individual premorbid level of
function may be detectable, but not required

and not detectable on TFC

— Apathy or depression or other behavioral changes
judged related to HD may be present
— Usually changes in imaging and quantitative motor

assessments

— May or may not require symptomatic treatment,

eg, for depression

— Disease-modifying treatment appropriate

Manifest HD (G10.1.3)

HD, genetically confirmed, manifest

— Presence of clinical motor and/or cognitive signs
and symptoms that have an impact on life, with

— Functional changes, eg, decrease in TFC

— Motor DCL = 3 or 4 (or Motor DCL of 2 if

Clinically Manifest HD (G10.2.3)

HD, not genetically confirmed, clinically manifest
(requires Motor Dx confidence = 4 plus
cognitive changes)

cognitive changes are significant AND there is

evidence of progression)

— Symptomatic and disease-modifying treatment

appropriate

*G10 is the classification for HD in the current “International Classification of Diseases” [ICD-10-GM-2014] published by the World Health Organization
(WHO)—see http://apps.who.int/classifications/icd10/browse/2010/en#/G10. We here propose new subcategories for the G10 diagnosis.

of patients; in other words, some intra-individual
decline may occur from the premorbid level of func-
tioning, but it is not usually detectable on the Total
Functional Capacity (TFC). Symptoms may or may
not require symptomatic treatment, and disease-
modifying treatment is appropriate when available.

Huntington’s Disease — Genetically Confirmed—
Manifest (G10.1.3)

We propose the final diagnostic category of
“manifest” HD (and not the term “symptomatic” HD,
because some subtle symptoms and signs begin during
prodromal HD). “Manifest HD” is well-accepted as a
term in HD research.®*® The diagnostic confidence
level would usually be 3 or 4; in other words, the cli-
nician is 90% (or greater) confident that motor
changes are caused by HD. We do not believe it is
appropriate to set a total motor score cutoff, because
the significance of the motor score will vary greatly
depending on whether evidence of change is seen or
whether the baseline is high (eg, the patient has
always been a bit clumsy or “twitchy”). However, we
would point out, in the era of genetic testing, and

especially when a patient has been followed longitudi-
nally, and characteristic motor changes are clearly
new, that the clinical diagnosis of HD may be
achieved relatively early. For instance, a clinician may
be quite confident that a subject, who previously had
a TMS of 0, and now has developed slowing of sac-
cades, slight dysdiadochokinesis, slight chorea, and
difficulty with tandem gait, has manifest HD, even
with a motor score of 5 to 10 points.

Cognitive changes are also likely to be present at this
point, although for many subjects initial cognitive
changes occur later than initial motor changes.*® How-
ever, at this point, identifying a specific cognitive test
that would deliver a cutoff for declaring a subject is man-
ifest is difficult. Screening tests such as the Mini-Mental
State Examination or Montreal Cognitive Assessment
(MoCA) may demonstrate only minor changes. In a few
cases, initial cognitive changes may precede initial motor
changes, although in our experience, by the time a
patient has cognitive change consistent with manifest
HD, generally detectable motor findings are present. If
cognitive symptoms (apart from those explainable by
depression) are significant and evidence of progression is
seen, a diagnosis of manifest HD should be considered
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even if the motor DCL is 2. This indicates the impor-
tance of taking into account previous examinations,
including previous UHDRS examinations, and all avail-
able history, as noted previously.

Manifest disease is expected to have an impact on
function in everyday life and is predictive of future
disease progression. Thus, clear changes should be
present in the functional scales of the UHDRS, such as
the TFC and Functional Assessment,”>"3? which can
be clearly attributed to HD and not some other condi-
tion, for the diagnosis of manifest HD. Other assess-
ments may become available in the future,>*** but
will have to undergo further development and testing.
Symptomatic and disease-modifying therapy are
appropriate in this stage.

Huntington’s Disease—Not Genetically
Confirmed (G10.2)

We propose that those with “not genetically con-
firmed” HD also may be divided into three main cate-
gories, and these should also be specified in the
International Classification of Diseases:

Huntington’s Disease—Not Genetically
Confirmed—At-Risk (G10.2.1)

These subjects have first-degree relatives with a diag-
nosis of HD or genetically tested for HD. They have
not been genetically tested and do not exhibit any
motor, behavioral (except possibly depression or other
problems not clearly related to HD), or cognitive
symptoms or functional decline (UHDRS-TFC and
UHDRS-Functional Assessment normal). If they have
a parent at risk, then they have a 25% risk.

Huntington’s Disease—Not Genetically
Confirmed—Clinically Prodromal (G10.2.2)

This diagnostic category has comparable clinical cri-
teria to genetically confirmed prodromal HD, but the
confirmation of genetic CAG extension is missing.

Huntington’s Disease—Not Genetically
Confirmed—_Clinically Manifest (G10.2.3)

Similar criteria are applied as in the genetically con-
firmed cohort, but because phenocopy syndromes can-
not be excluded, subjects without genetic proof of
their CAG status should be diagnosed as clinically
manifest when they have a diagnostic confidence of 4
rather than 3.

Implications

We believe the diagnostic categories proposed here are
timely and are based on an improved knowledge of natu-
ral history and biomarkers of HD. We believe that this
terminology will facilitate a better understanding of HD,

L

similar to the previous change in terminology from
“Huntington’s chorea” to “Huntington’s disease.” They
also reflect the trend in a number of disease areas of
defining disease earlier based on biology and not just on
the most severe clinical outcomes. Similarly, in osteopo-
rosis, we do not wait until a fracture manifests to make
a diagnosis and initiate treatment. Human immunodefi-
ciency virus disease is defined now by biology and not
just by late outcomes of immune compromise or cancer.
Relevant to HD is the example of neurodegenerative dis-
eases, such as Alzheimer’s disease, in which mild cogni-
tive impairment is increasingly seen as an important early
stage. Huntington’s disease is unique among the common
neurodegenerative diseases in that all cases are caused by
a single mutation for which genetic testing is available.

A number of issues should be considered in deciding
how to evaluate changes in motor, cognitive, and
emotional function. We have continued the use of the
terminology of the DCL. We appreciate that this is
imperfect and has a subjective quality. An alternative
might be to use cutoffs for the motor score. However,
the DCL of the UHDRS has the advantage of incorpo-
rating clinical judgment. Individuals may have findings
on motor examination attributable to many causes
besides HD, such as mild developmental disabilities,
traumatic brain injury, and so forth, the pattern of
which can be judged as “nonspecific” with regard to
HD. Another issue is what kind of cognitive assess-
ment to use. Unlike motor examination, in which the
theoretical normal is a zero on the TMS, the cognitive
ability of individuals is quite variable. No single cogni-
tive test has general acceptance. Therefore, we have
not specified any particular cognitive tests, but essen-
tially leave that to clinical judgment. We also have
incorporated consideration of emotional changes in
the prodrome, but not as criteria for manifest HD.
This is because emotional changes are common in the
absence of HD, do not show a clear relationship to
HD progression,””’ and in many cases (especially
depression) are eminently treatable and reversible.

Diagnostic criteria focused on high specificity of
diagnosis of manifest disease were desirable before the
availability of genetic testing and before our expanded
knowledge of the natural history of HD. Diagnoses
based on the presence of subtle signs and symptoms
were shown to result in false positives.** However, the
availability of reliable genetic testing and the charac-
terization of the early natural history now increases
the sensitivity and specificity of HD diagnosis.

Use of these expanded diagnostic categories will
require education of clinicians and patients and fami-
lies. With growing knowledge, we have a duty to fully
inform our patients and help them interpret this infor-
mation adequately. Thus, HD expansion carriers will
be in a better position to judge the possible risks and
benefits of participation in clinical trials, particularly
in the premanifest stage.
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Stigmatization and discrimination are frequent in
people at risk for HD,?>*3” and fear of being subject to
either threat may be bigger than their actual inciden-
ces,>® all issues that should be amenable to counseling,
which may improve quality of life early on.

Early diagnosis will facilitate the development of
novel therapies for HD. Several novel therapeutic
options under development for HD may be more effica-
cious when tested in earlier stages of the disease pro-
cess.>**”  Our new diagnostic categories should
facilitate the access of CAG expansion carriers to clini-
cal trials, and thus the development and evaluation of
such therapies. If effective disease-modifying therapeu-
tics can be started during the presymptomatic or pro-
dromal periods, HD may become an excellent example
of the possibilities of personalized preventive medicine.

Earlier diagnosis also may facilitate the provision of
programs for relatives and caregivers. If potential
behavioral and cognitive problems are explained and
caregivers receive appropriate support, including coun-
seling and background information, this will likely
benefit the patient and lead to improvement in their
social surroundings.

A change of diagnostic criteria and categories is an
important step for any field. We here present our view
of a possible pragmatic solution. Nevertheless, we
acknowledge that although we achieved agreement for
the criteria and categories presented here, this was
preceded by intense discussions, which highlights the
need for exchange when defining the way forward in
the field. We therefore suggest the initiation of a task
force of the Movement Disorders Society, which will
consult with all relevant stakeholders and develop a
plan and proposal for revising the diagnostic criteria
of HD, with the proposal introduced here being the
starting point of a productive discussion. ®
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