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Abstract

PURPOSE OF REVIEW: This article reviews many of the complex facets of behavioral variant
frontotemporal dementia (bvFTD) and frontotemporal lobar degeneration (FTLD). A particular
focus is on improving diagnostic accuracy to reduce the arduous diagnostic odyssey that so

many patients and families endure. Strategies to promote diagnostic accuracy and approach the
management of problematic symptoms are also discussed.

RECENT FINDINGS: Although the International Consensus Criteria for bvFTD were published
more than a decade ago and clinicopathologic studies have confirmed their utility, diagnostic
confusion continues. This article presents updated data along with illustrative cases to emphasize
the clinical pearls that are most useful for clinicians. Although accurate prediction of the
underlying proteinopathy remains a challenge, the ability to differentiate bvFTD from atypical
Alzheimer disease, psychiatric disorders, and other mimickers has improved. Knowledge about the
genetic underpinnings in a significant minority of individuals with familial FTLD is enabling early
and accurate diagnosis. Therapeutic optimism has also increased, particularly in familial FTLD,
with a few clinical trials in progress and several more planned, some of which are designed to slow
progression or delay the onset of symptoms, or both.

SUMMARY: The diagnosis and management of bvFTD is challenging for clinicians and
particularly for patients and their families. Although much progress has been gained over recent
years, several key research questions persist. Treatments that significantly improve symptoms or
alter the course of FTLD remain elusive, but optimism is increasing as pathobiology is better
understood and novel therapies are being developed.

INTRODUCTION

Frontotemporal dementia (FTD) is a collective term that encompasses a group of clinical
syndromes caused by an underlying neurodegenerative disease characterized by progressive
changes in behavior, executive function, or language.! The specific syndromes under the
FTD umbrella include behavioral variant FTD (bvFTD) and primary progressive aphasia
(PPA). The group of neurodegenerative diseases that manifest clinically as FTD are known
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as the frontotemporal lobar degeneration (FTLD) spectrum pathologies, and these disorders
reflect degeneration in the frontotemporal neural networks. This article focuses on bvFTD
and the associated FTLD disorders.

Considerable overlap exists in the clinical and associated features of bvFTD with Alzheimer
disease, which causes considerable confusion (CASE 3-1). This article uses the term
Alzheimer disease (AD) when referring to the histopathologically defined disease and the
term AD dementia when referring to the multidomain dementia syndrome that is commonly
associated with, but not specific for, underlying AD.

EPIDEMIOLOGY AND DEMOGRAPHICS

FTD was considered very rare and primarily an early-onset form of dementia years ago,
but more recent epidemiologic studies have altered those views. Reported incidence rates
range from 1 per 100,000 person-years to 8 per 100,000 person-years,2 and prevalence
rates range from 2 per 100,000 to 20 per 100,000.34 The incidence and prevalence increase
with age and plateau or decrease in the seventies or eighties, depending on the study
population; a significant minority of individuals with late-onset dementia have FTD and/or
FTLD pathology, or both.> No convincing sex predilection is seen based on available

data. The vast majority of patients with FTD described to date have been White, with

far fewer being characterized as Asian or Hispanic.3 Very few patients with FTD of
African ancestry have been described. Whether these differences in incidence across ethnic
and racial groups represent sampling biases, biologic differences, or other factors is not
adequately understood.

IMPACT ON PATIENTS/FAMILIES AND SOCIETY

The impact of bvFTD and related disorders is profound. Many potential consequences

of altered behavior and cognition during the prediagnosis and postdiagnosis phases of

the illness may be seen, including (but not limited to) fractured relationships with family
members and friends; divorce; poor job performance and loss of one’s job and the associated
loss of income, medical insurance, and pension; sexual indiscretion; gambling or excessive
spending; financial devastation because of poor business decisions; and tragic accidents,
with major repercussions for patients, their family members, and society. One large survey
of caregivers of patients with bvFTD and related disorders found a reduced overall
household income after diagnosis, a decline in caregiver health, an increase in caregiver
health-related costs, and an increase in patient-related costs (often because of crises).” These
costs are approximately twice as high as the reported costs for AD dementia.” Remarkably,
caregivers rated the quality of life of their loved ones with bvFTD as “worse than dead.”’
These observations underscore the need for improved early diagnosis, better strategies for
managing symptoms and associated costs, and, obviously, prevention.

SPORADIC AND FAMILIAL FRONTOTEMPORAL LOBAR DEGENERATION

The majority of patients with bvFTD have an apparently sporadic disorder, with no relevant
family history of neurodegenerative disease and no identifiable mutation in any of the known
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FTLD-associated genes. The mechanisms underlying sporadic bvFTD remain a mystery,
and this is a high-priority research issue. At least 20% (and it may be more on the order

of 30% to 40%) of patients with bvFTD or similar phenotype have a dominantly inherited
familial disorder, commonly termed familial FTLD and abbreviated f-FTLD.8 The most
common mutations associated with f-FTLD occur in the microtubule associated protein tau
(MAPT) gene,? the progranulin (GRN) gene,10 and the chromosome 9 open reading frame
72 (C90rf72)11:12 gene; these are sometimes referred to as the big three genes of FTD. These
mutations together account for at least 50% of f-FTLD, and penetrance is greater than 95%
for MAPT and 70% to 90% for GRN and C9orf7213 Although many similarities exist in the
clinical, neuropsychiatric, and imaging features of sporadic and familial FTLD,® relatively
unique clinical and particularly imaging and pathologic features are also seen in those with
f-FTLD with mutations in MAPT, GRN, or C9orf72.1415 Mutations in more than a dozen
other genes have been associated with f-FTLD (each with penetrance at least 70% based

on available data), with another new gene seemingly discovered each year. Readers are
encouraged to access other excellent sources on f-FTLD and genetics.1316 Genetic testing is
discussed later in this article.

DIAGNOSTIC CRITERIA

The initial criteria for bvFTD were published in 1998,17 and the criteria were updated in
2011 (TABLE 3-1).18 These updated criteria, known as the International Consensus Criteria
for bvFTD, have been commonly used in clinical practice and research programs because of
their relative simplicity and applicability. One of the main goals of the group establishing
these criteria was to achieve adequate sensitivity and specificity for the bvFTD phenotype
that is associated with FTLD pathology. Applying the consensus criteria for bvFTD is useful
in clinical practice.

DIAGNOSTIC TOOLS AND APPROACH

In a 2020 study of patients with bvFTD, more than 40% required more than 1 year to
establish a diagnosis, more than 60% were evaluated by three or more clinicians, and
more than 80% required three or more visits before an FTD diagnosis was established.1®
The initial diagnosis was depression or another psychiatric condition in more than 20% of
patients.1® These delays and misdiagnoses are part of the so-called diagnostic odyssey of
FTD.

Laboratory testing, neuropsychological testing, and structural neuroimaging are
recommended for evaluating individuals with mild cognitive impairment and dementia.20
The following discussion presents concepts and data related to the tests most pertinent to
bvFTD.

Clinical Features

Any patient with one or more of the core clinical features for possible bvFTD, such as
behavioral disinhibition; apathy or inertia; loss of sympathy or empathy; perseverative,
stereotyped, or compulsive/ritualistic behavior; or hyperorality and dietary changes (TABLE
3-1), should raise suspicion for bvFTD (CASE 3-2). Interviewing family members
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separately from the patient may be indicated to more thoroughly elicit features that are

often awkward to discuss in the patient’s presence. In some circumstances, clues to a genetic
association exist (eg, bizarre delusions and/or hallucinations are rare in bvFTD but, when
present, raise suspicion for C9orf72-associated bvFTD) (CASE 3-3).22:23

Another scenario in bvFTD is the onset of behavioral/cognitive changes at a very young age
(CASE 3-4). Although this is rather rare in bvFTD, it often makes an accurate diagnosis
even more challenging to establish.

No specific findings on laboratory testing of blood or urine have yet been identified

as characteristic of FTLD pathology. However, growing evidence indicates that plasma
biomarkers are sensitive and specific for AD,24:25 and plasma phosphorylated tau at position
181 (p-tau181)%° and at position 217 (p-tau217)25:26 differentiate clinically diagnosed and
autopsy-confirmed AD from FTLD. If these findings are replicated and costs associated
with their use in clinical practice are justified, one could envision that these biomarkers
will be increasingly used in supporting or refuting underlying AD and FTLD. This would
be a major advancement in simplifying diagnostic clarification and reducing the need

for expensive diagnostic tests (eg, CSF amyloid and tau quantification, positron emission
tomography [PET]) that are not easily obtained in many practice settings. Furthermore,
neurofilament light chain (Nfl) is a sensitive marker of neurodegeneration, and this may
become useful in differentiating between a neurodegenerative disease and a primary
psychiatric disorder in patients with a bvFTD-like presentation.27-28

CSF Analysis

Although developing markers for FTLD-tau and FTLD-transactive response DNA-binding
protein 43 (TDP-43) is an active area of research, no currently identified CSF markers

are sensitive or specific for FTLD. Phosphorylated tau levels in CSF are useful for
differentiating AD from FTLD as a cause of bvFTD.252% NfL in the CSF is elevated in FTD,
but levels do not differentiate FTLD from non-FTLD pathology, nor do they distinguish

the different proteinopathies in FTLD.25:30.31 Therefore, for at least the next few years,

the role of CSF testing in a bvFTD-like presentation will be most useful in ruling out AD
and in investigating the very rare infectious, autoimmune/inflammatory, and paraneoplastic
processes.

Neuropsychological Assessment

Neuropsychological assessment in clinical practice typically involves a battery of tests
that measure performance across the primary cognitive domains of attention/concentration,
executive functioning, learning and memory, language functioning, and visuospatial
functioning. In patients with bvFTD, the typical profile of impairment is on measures of
attention/concentration, executive functioning, and language.6:32:3% Usually, performance
on measures of memory and visuospatial functioning is relatively preserved compared to
performance in attention/concentration, executive functioning, and language.
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Several important caveats should be mentioned. The syndrome of bvFTD is first and
foremost a disorder of social cognition (ie, impaired emotion recognition, empathy,
mentalizing).34 Although many relatively new measures and questionnaires have been
shown to be sensitive to impaired social cognition in patients with bvFTD,3536 these
measures are rarely, if ever, included in the neuropsychological batteries that are used

in most clinical practice settings. Particularly in patients early in the course of bvFTD,
performance on standard neuropsychological measures may be within normal limits. Also,
many examples exist of patients with sporadic or familial bvFTD who have evidence

of memory and/or visuospatial impairment. Finally, impaired performance in attention/
concentration, executive functioning, and language can be seen in non-FTLD disorders such
as atypical AD or Lewy body disease; hence, a “typical bvFTD profile” of impairment on
neuropsychological testing is not specific for bvFTD.

Structural Neuroimaging

The presence and topography of atrophy on CT or MRI may provide diagnostic information.
Atrophy in the frontal and/or temporal lobes, which can be symmetric or very focal/
asymmetric, supports the clinical suspicion of bvFTD. However, the absence of obvious
atrophy does not preclude an underlying neurodegenerative disorder, and other disorders
(such as atypical AD) can present as a dysexecutive syndrome with associated frontal and/or
temporal atrophy.3” Rare cases also exist of a bvFTD syndrome associated with a tumor in
the frontal and/or temporal lobes as well as a bvFTD syndrome associated with intracranial
hypotension causing the curious frontotemporal brain sagging syndrome.38

Functional Neuroimaging

Fludeoxyglucose positron emission tomography (FDG-PET) is often used to support the
clinical suspicion of bvFTD.3%-41 FDG-PET is therefore reasonable in many patients

with suspected bvFTD, particularly if the MRI findings are normal or only questionably
consistent with FTD. However, the progressive dysexecutive syndrome can appear clinically
somewhat like bvFTD, but hypometabolism in this syndrome is more typical of underlying
AD.37 Therefore, although the clinical and research utility of FDG-PET has been
demonstrated in suspected bvFTD,3%-41 the findings are not 100% sensitive or specific for
an FTLD-spectrum disorder.

Molecular Positron Emission Tomography Brain Imaging

Amyloid PET imaging identifies individuals with amyloid deposition in the brain and can be
used to differentiate underlying AD from non-AD disorders in patients with a bvFTD-like
presentation.#2 Data have not yet supported the use of tau PET imaging for differentiating a
tauopathy from a non-tauopathy among those with an underlying FTLD spectrum disorder,
despite early enthusiasm.*3 Clinicians must wait for other ligands for tau and TDP-43 to

be developed. If and when such ligands are shown to be highly sensitive and specific

for differentiating tau, TDP-43, and others in the setting of bvFTD, this differentiation
advancement will have major implications for diagnosis, tracking progression, aiding
prognosis, and supporting target engagement of specific therapies.
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Genetic Testing

Clinical genetic testing for the known genetic mutations associated with FTLD is reasonable
in those with bvFTD and a positive family history of dementia, parkinsonism, or
amyotrophic lateral sclerosis, particularly in those with an autosomal dominant pattern of
inheritance. In previous years, targeted genetic testing for single or a few genes was the
norm, which proved to be cumbersome and expensive if the initial results were negative.
Many Clinical Laboratory Improvement Amendments (CLIA)—approved genetic panels are
now available that will test several of the FTLD-associated genes, and the costs are not
exorbitant. It is advised that adequate pretest and posttest counseling is performed and
sufficient psychological support is ensured before and after testing for any patient/family
who seeks genetic testing.

A more challenging situation is when a clinician encounters a patient with bvFTD who

does not have a compelling family history for an autosomal dominant disorder. In some rare
instances, a mutation is identified in a seemingly sporadic case of bvFTD.16 The decision

on whether to recommend genetic testing in patients with sporadic bvFTD should depend on
individual circumstances, recognizing that the yield is low.

Several clinical trials in progress or under development are designed to alter the
pathophysiology in some of the genes associated with f-FTLD.*4 Furthermore, several
natural history studies that are enrolling family members with f-FTLD are also in progress
across many countries (refer to the section on research programs below for more details).
Enrollment of interested family members in such research programs is critical to ensure
sufficient numbers of known potential participants for current and future clinical trials.

NEUROPATHOLOGY

As described above, FTLD is the overarching term referring to the spectrum of
histopathologic entities that can manifest as bvFTD and related syndromes. The primary
proteinopathies associated with the FTLD spectrum disorders include tau (often termed the
tauopathies), TDP-43 proteinopathies, and the FET (FUS, EWSR1, TAF15)-related proteins
(TABLE 3-2).%° The challenge for clinicians is that in the current practice environment with
nonspecific biomarkers (except for genetic test results), it is not possible to predict with
accuracy the underlying proteinopathy in anyone with bvFTD.

MANAGEMENT

Management of symptoms is challenging in bvFTD. Clinicians should consider both
nonpharmacologic and pharmacologic modes of management, realizing the evidence
supporting any of these approaches is very limited.

Nonpharmacologic Modalities for Managing Symptoms

Family members should be counseled on the many psychosocial aspects of bvFTD. The
Association for Frontotemporal Degeneration (theaftd.org) is an excellent resource. Patients
with bvFTD often lack the capacity to avoid danger because of disinhibition, apathy,

and poor understanding of the internal state of others (ie, they have impaired theory
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of mind).#8 Although violent behaviors are rarely exhibited, patients with FTD are at

risk of occupational, financial, or physical victimization because of their impairments in
social cognition. Discontinuation of driving, whether voluntary or through other measures
(eg, disconnecting spark plugs, hiding car keys), is sometimes needed to reduce the risk

to patients and other drivers. Firearms should be removed from the home. Readers are
encouraged to review other nonpharmacologic approaches for managing problematic FTD
features,*’~49 including information from The Association for Frontotemporal Degeneration
(theaftd.org/living-with-ftd/managing-ftd).

Pharmacologic Modalities for Managing Symptoms

Several small series and trials of therapies to manage symptoms related to FTD have

been conducted, with few encouraging results.36:4450 No pharmacologic agents have been
approved by the US Food and Drug Administration (FDA) for managing symptoms related
to bvFTD. Cholinesterase inhibitors or memantine for treatment of cognition have not

been shown to be effective.>1-54 For behavioral dyscontrol and agitation, the serotonergic
agents®>57 and atypical antipsychotic agents®? have been studied, with the best evidence for
trazodone and selective serotonin reuptake inhibitors (SSRIs). Psychostimulants may help
disinhibition.58 Antiseizure medications have also been reported to decrease problematic
behaviors, but these reports are largely anecdotal .5%-61 Oxytocin is currently being studied
after encouraging early findings.52

With little guidance from the literature, what should clinicians do? Most take the reasonable
approach of discussing with the patient and family which target symptoms are most
problematic and then deciding on which nonpharmacologic and pharmacologic options are
most appropriate for each patient. This is admittedly a trial-and-error approach, with some
notable improvements in select patients.

FUTURE DIRECTIONS

Two major efforts in progress include characterizing prodromal bvFTD and enrolling in
putative disease-modifying treatment trials.

Prodromal Behavioral Variant Frontotemporal Dementia

Whereas the clinical diagnosis of bvFTD can be based on established criteria, no such
criteria exist for prodromal bvFTD. One would predict that mild changes in behavior,
personality, or comportment without major changes in social/occupational functioning
would occur before the development of more overt behavioral and cognitive changes and
the associated functional decline.

The concepts of mild cognitive impairment (MC1)®3 and mild behavioral impairment84

are pertinent here. These terms are intended to represent the intermediate clinical

stage between normal aging and an overt neurodegenerative phenotype, most commonly
evolving AD. Considerable work is in progress in key natural history studies to

characterize prodromal FTLD further, particularly in the ARTFL (Advancement in Research
and Treatment in Frontotemporal Lobar Degeneration)® and LEFFTDS (Longitudinal
Evaluation of Familial Frontotemporal Dementia Subjects)® studies (now combined
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into the ALLFTD [ARTFL LEFFTDS Longitudinal Frontotemporal Lobar Degeneration]
Consortium), the GENFI (Genetic Frontotemporal Dementia Initiative) Consortium,®8 the
FPI (Frontotemporal Dementia Prevention Initiative),13 and other cohorts. Based on a large
cohort of asymptomatic and symptomatic members of kindreds with f-FTLD, the ALLFTD
Consortium recently proposed a set of criteria for prodromal bvFTD in which the term mild
behavioral and/or cognitive impairment in bvFTD (MBCI-FTD) was characterized.5” The
proposed MBCI-FTD criteria correctly classified 74% to 95% of two groups of prodromal
f-FTLD mutation carriers, with a false-positive rate of less than 10% in healthy controls and
11% to 16% of individuals with prodromal AD.57 Future research will need to refine the
sensitivity and specificity of these criteria.

An obvious challenge to applying these criteria is exemplified by three of the four case
examples in this article, in which even in the midst of overt bvFTD, the diagnosis was
delayed. However, the patient in CASE 3-3 was evaluated relatively early in her course; if
these prodromal criteria are applied to this patient, one can see that she satisfies the criteria.
In clinical practice, it is unlikely that prodromal bvFTD will be suspected in any sporadic
case unless the clinician is familiar with the term and criteria. It is more likely to be applied
when patients in families with known f-FTLD develop symptoms and seek an evaluation

or when family members convince a person with mild cognitive or behavioral changes to
seek medical attention. These criteria can also be applied in asymptomatic at-risk members
of kindreds with f-FTLD who are being followed in research programs. As clinical trial
platforms continue to be refined, the utility of these criteria will be most applicable for
inclusion in trials designed to slow the rate of progression and as an end point (ie, the onset
of phenoconversion) for disease-modifying therapies designed to delay the onset of evolving
bvFTD in those who are genetically at risk.

Trials of Disease-modifying Therapies

Most current therapeutic programs target autosomal dominant forms of FTLD, including
C9orf72 repeat expansions and GRN or MAPT mutations. The strategies include using
antisense oligonucleotides, adeno-associated virus vector therapies, antibodies to block
peripheral receptors to elevate central progranulin protein, and antibodies to presumably
alter cell-to-cell transmission of misfolded proteins, among others. Readers are encouraged
to access other excellent resources on the direction of future FTLD therapies.36:44

RESEARCH PROGRAMS

Several multicenter natural history research programs are focused on sporadic and familial
bvFTD and associated disorders, and clinicians are encouraged to consider referring
patients for possible enrollment. These programs are designed to conduct comprehensive
longitudinal clinical and biomarker measures to help inform clinical trial methodology as
new potential interventions are developed. Clinicians and their patients/families are also
encouraged to consider participation in the FTD Disorders Registry (ftdregistry.org), which
is designed to educate patients and families as well as foster research advances in bvFTD
and related disorders.
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CONCLUSION

The prototypical patient with bvFTD presents in their forties to seventies with personality/
behavior changes, and the patient usually does not perceive anything is amiss because of the
limited insight that is inherent to the disorder. The personality/behavior changes are often
more pronounced than cognitive changes early in the course, and since such changes can
mimic other more common psychiatric disorders (eg, major depression, bipolar disorder,
schizophrenia), diagnostic confusion often exists for family members and clinicians. As

the illness progresses, more obvious changes in cognition or progression in personality/
behavior changes may trigger consideration of an underlying neurologic disease; even then,
diagnostic confusion is common because of the similarities of bvFTD to AD dementia.
Although many challenges remain regarding establishing an early diagnosis of bvFTD,
determining the underlying proteinopathy causing the clinical syndrome, and optimizing
management using nonpharmacologic and pharmacologic methods, the scientific advances
in bvFTD and FTLD have escalated markedly in recent years. This article discussed
concepts and data to help guide the diagnosis and management of patients with bvFTD. The
optimism for therapeutic advancements is high considering the large network of research
programs working toward a common goal, increased funding for FTLD research, strong
interest among industry partners working on therapeutic pipelines, and continued advances
in our understanding of the mechanisms underlying FTLD pathobiology.
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KEY POINT

. The altered behavior and cognition during the prediagnosis and postdiagnosis
phases of behavioral variant frontotemporal dementia (bvFTD) have many
potential consequences, with profound repercussions for patients, their family
members, and society.
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KEY POINTS

At least 20% of patients with bvFTD or similar phenotype have a dominantly
inherited familial disorder, with mutations being most common in the genes
encoding microtubule associated protein tau (MAPT), progranulin (GRN),
and chromosome 9 open reading frame 72 (C90rf72).

Applying the consensus criteria for bvFTD is useful in clinical practice.

The diagnostic odyssey of frontotemporal dementia (FTD) that many patitents
and families endure is often convoluted and prolonged.

Any patient with one or more of the following core clinical features should
be considered as possibly having bvFTD: behavioral disinhibition; apathy
or inertia; loss of sympathy or empathy; perseverative, stereotyped, or
compulsive/ritualistic behavior; or hyperorality and dietary changes.

In the setting of suspected bvFTD, interviewing family members separately
from the patient may be indicated to more thoroughly query about the core
features.

Although no specific findings on laboratory testing of blood, urine, or CSF
have yet been identified as characteristic of frontotemporal lobar degeneration
(FTLD) pathology, the plasma and CSF biomarkers that are sensitive and
specific for Alzheimer disease may aid in differentiating between Alzheimer
disease and FTLD.
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KEY POINTS

Neuropsychological test results in patients with suspected bvFTD are usually
informative and support the initial clinical impression.

A normal profile or an atypical profile of impairment on neuropsychological
testing should not dissuade the clinician from suspecting bvFTD if the history
is very compelling.

A “typical bvFTD profile” of impairment on neuropsychological testing
should not supersede other clinical features and biomarker findings when
making a diagnosis of bvFTD.

Atrophy in the frontal and/or temporal lobes on brain CT or MRI, which

can be symmetric or very focal/asymmetric, supports the diagnosis of bvFTD
in the appropriate clinical setting. However, the absence of obvious atrophy
in the frontal and/or temporal lobes on brain CT or MRI does not rule out
bvFTD.

Atrophy in the frontal and/or temporal lobes on brain CT or MRI can be seen
in other disorders, including in atypical AD.

Fludeoxyglucose positron emission tomography is reasonable in many
patients with suspected bvFTD, particularly if the MRI findings are normal or
only questionably consistent with FTD.
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KEY POINTS

The clinical utility of molecular positron emission tomography (PET)
imaging with amyloid and tau ligands is not fully defined; amyloid PET
imaging may have a role in differentiating underlying Alzheimer disease from
non—Alzheimer disease disorders in patients with a bvFTD-like presentation.

Clinical genetic counseling and testing for the known genetic mutations
associated with FTLD is reasonable in those with bvFTD and a positive
family history of dementia, parkinsonism, or amyotrophic lateral sclerosis,
particularly in those with an autosomal dominant pattern of inheritance.

Clinical genetic counseling and testing for the known genetic mutations
associated with FTLD may be reasonable in other select circumstances, such
as in patients with very-early-onset bvFTD who do not have any known
family history of a neurodegenerative disorder.

In the current practice environment with nonspecific biomarkers (except for
genetic test results), it is not possible to predict with accuracy the underlying
proteinopathy in anyone with bvFTD.

Management of symptoms is challenging in bvFTD, and clinicians
should consider several nonpharmacologic and pharmacologic modes of
management.
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USEFUL WEBSITES
THE ASSOCIATION FOR FRONTOTEMPORAL DEGENERATION

The Association for Frontotemporal Degeneration website provides information about
frontotemporal degeneration, including genetics, where to find help, and how to
participate in clinical trials.

theaftd.org
FTD DISORDERS REGISTRY

The FTD Disorders Registry website provides information about clinical trials and
resources for patients and families.

ftdregistry.org
CLINICALTRIALS.GOV TRIALS FOR FRONTOTEMPORAL DEMENTIA

This page on the ClinicalTrials.gov website provides a list of clinical trials related to
frontotemporal dementia.

clinicaltrials.gov/search/term=Frontotemporal%20Dementia

NATIONAL INSTITUTE OF NEUROLOGICAL DISORDERS AND STROKE
FRONTOTEMPORAL DEMENTIA INFORMATION PAGE

This page provides a definition of frontotemporal dementia and its diagnosis and
treatment as well as information on clinical trials in the United States and internationally.

ninds.nih.gov/Disorders/All-Disorders/Frontotemporal-Dementia-Information-Page
THE ALLFTD STUDY

This website offers research study information on the Advancement in Research and
Treatment in Frontotemporal Lobar Degeneration (ARTFL) and Longitudinal Evaluation
of Familial Frontotemporal Dementia Subjects (LEFFTDS) studies, now combined into
the ARTFL LEFFTDS Longitudinal Frontotemporal Lobar Degeneration (ALLFTD)
program. This study is being conducted in the United States and Canada.

allftd.org
GENETIC FTD INITIATIVE (GENFI)

The website provides research study information on the GENFI program taking place in
Europe and Eastern Canada.

genfi.org
LATIN AMERICAN AND CARIBBEAN CONSORTIUM ON DEMENTIA

This website provides research study information on the Research Dementia Latin
America (ReDLAT) Program being conducted in Latin America.

lac-cd.org/en/proyects/

FTD PREVENTION INITIATIVE (FPI) PROGRAM
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This website provides information on a variety of research studies and other
projects, including some of the programs mentioned above, with a focus on familial
frontotemporal lobar degeneration.

thefpi.org

NATIONAL INSTITUTE ON AGING — ALZHEIMER’S DISEASE RESEARCH
CENTERS (ADRC) PROGRAM

This website provides information on research centers located at major medical
institutions across the United States. The ADRC program works in close collaboration
with the ALLFTD program.

nia.nih.gov/research/adc
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CASE 3-1

A 58-year-old attorney was laid off from her legal firm because of performance concerns,
as she was unable to complete the tasks relating to her profession. She could not

recall details of conversations with clients and with colleagues in meetings. She was
anxious and occasionally accused her siblings of trying to coerce her to give them
money. Her family was most concerned about her difficulties in making decisions,

poor judgment, slowed thought processing, and difficulties expressing her thoughts, yet
her comprehension of others appeared intact and geographic orientation was relatively
intact. Apathy was prominent. She was not paying some of her bills and not taking
some of her medications as prescribed. She had no symptoms of reduced empathy/
sympathy, disinhibition, perseveration, or dietary changes. Her family history included a
grandparent with late-onset dementia.

She was evaluated by a neurologist, who found no abnormalities on general neurologic
examination. She scored 26/30 on the Mini-Mental State Examination (MMSE).
Neuropsychological assessment revealed impairment in measures assessing executive
function, speeded attention, and verbal fluency, with relatively normal performance on
delayed recall and visuospatial tasks. Laboratory studies were unrevealing. MRI of the
brain was interpreted as showing frontal atrophy. She was diagnosed with behavioral
variant frontotemporal dementia, and her family sought another opinion.

A subsequent neurologic evaluation occurred 3 months later. She scored 25/30 on the
MMSE and had obvious psychomotor slowing. She had mild bradykinesia but no rigidity,
tremor, or postural instability and no features of amyotrophic lateral sclerosis. MRI and
fludeoxyglucose positron emission tomography of her brain were obtained (FIGURE
3-1). The MRI showed frontal more than parietal atrophy but minimal hippocampal
atrophy (FIGURES 3-1A and 3-1B), and FDG-PET showed frontal more than temporal,
parietal, and posterior cingulate hypometabolism (FIGURE 3-1E). She refused CSF
examination. Amyloid PET imaging (not shown) demonstrated prominent uptake in

the frontal, parietal, and temporal cortex consistent with amyloid-f deposition. She

was diagnosed with a progressive dysexecutive dementia syndrome due to underlying
Alzheimer disease and was prescribed a cholinesterase inhibitor.

Serial evaluations over the following 3 years showed progressive dementia and
associated behavioral dyscontrol that responded minimally to various psychotropic
agents. Bradykinesia increased as well, but no other elements of parkinsonism evolved.
Brain MRI at age 62 showed progression of frontal and parietal atrophy but minimal
hippocampal atrophy (FIGURES 3-1C and 3-1D). She died at age 66, and autopsy
revealed widespread neocortical neuritic plaques and neurofibrillary tangles consistent
with Alzheimer disease, without evidence of any other proteinopathy.
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FIGURE 3-1.
Imaging of the patient in CASE 3-1. Coronal T1-weighted (A) and axial fluid-attenuated

inversion recovery (FLAIR) (B) MRI at age 58 show frontal more than parietal atrophy,
but minimal hippocampal atrophy. Coronal T1-weighted (C) and axial FLAIR (D)

MRI at age 62 show progression of the frontal and parietal atrophy and only minimal
hippocampal atrophy. Fludeoxyglucose positron emission tomography (FDG-PET) (£) at
age 58 shows marked hypometabolism in the frontal regions, with slightly less prominent
hypometabolism in the temporal and parietal regions and the posterior cingulate region.
The color bar and z score reference on the far left of the FDG-PET image reflects the
degree of FDG hypometabolism, with b/ue reflecting z scores in the -1 to -2 range and
red'reflecting a z score of —6. Therefore, the regions with gray or black color reflect
normal metabolism, b/ue color reflects slight to mild hypometabolism, and greento
yellowto red color reflects moderate to very severe hypometabolism.

COMMENT

This case exemplifies the diagnostic challenges in differentiating the syndromes of
behavioral variant frontotemporal dementia from Alzheimer disease dementia and how
biomarkers are useful in predicting the underlying disease.
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CASE 3-2

A 58-year-old minister presented with a 1-year history of progressive personality/
behavior changes. He had begun acting sillier and more childish, exhibiting socially
inappropriate behavior. He was more apathetic and quieter yet would laugh much more
at odd situations. He had become more focused on particular forms of music and had
begun gambling, which resulted in the loss of large sums of money. He ate the same
meals for breakfast (a particular cereal plus one banana) and lunch (two peanut butter
and raspberry jam sandwiches) each day and would get upset if his meal plan was altered
in any way. He did not exhibit his usual sense of empathy/sympathy toward family
members and members of his congregation. His usual sleep schedule had changed from
sleeping 7 hours per night to 4 hours per night. No obvious changes in his cognition were
appreciated by his family members, but they and members of his church were greatly
concerned about the changes in behavior. He did not understand the concerns expressed
by others and repeatedly stated that he felt fine and nothing was wrong. He was otherwise
in good general medical health. His mother had developed dementia in her seventies.

The initial evaluation by his primary care provider and then psychiatrist led to the
diagnosis of atypical bipolar disorder, and his behavioral features seemed to respond to
valproic acid, but the gregariousness and inappropriate comments toward others escalated
again 6 months later. He then developed increasing forgetfulness and elements of
executive dysfunction. He missed appointments and social engagements. He sometimes
forgot details of recent events and was unable to deliver his sermons without referring to
notes. He was also unable to manage the financial and organizational complexities of his
ministry. His primary care provider referred him for neuropsychological and neurologic
evaluation.

Neuropsychological assessment was notable for mild impairment in delayed recall,
language, and executive function. His neurologic examination was considered normal,
including the mental status examination with a Mini-Mental State Examination (MMSE)
score of 25/30, although zero items were recalled on delay. Laboratory studies

were unrevealing. Brain MRI was interpreted as showing mild right more than left
hippocampal atrophy (not shown). He was diagnosed with clinically probable Alzheimer
disease, advised to discontinue working as a minister and discontinue driving, and started
on donepezil. His family subsequently believed that the apathy and memory improved
following donepezil.

Three months later, he drove the family car without his family’s knowledge and crashed
it into a tree. He had no apparent head injury.

The family sought another neurologic opinion 6 months after the initial neurologic
evaluation. This examination revealed a gregarious and socially inappropriate man with
no significant language impairment and mild impairment on the MMSE, with a score

of 23/30. Other than sparse fasciculations in both gastrocnemius muscles, the general
neurologic examination was normal. Updated brain MRI showed atrophy in the right
amygdala and mesial frontal regions (FIGURE 3-2). EMG showed no evidence of motor
neuron disease.
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The patient was diagnosed with behavioral variant frontotemporal dementia (bvFTD),
and he and his family were counseled on management, prognostic, and psychosocial
issues. Escitalopram was prescribed in an attempt to decrease the problematic behavioral
issues, which was dramatically successful, and donepezil was subsequently discontinued.

He was followed annually in person for the next 8 years (serial MRI scans at ages 61,
64, and 66 are shown in FIGURE 3-2) and then by phone for the subsequent 7 years
until his death at age 73. He developed a profound affinity for sweets and gained more
than 100 pounds early in his course; pharmacotherapy did not impact this issue, and

his family had to resort to chaining and locking the refrigerator and locking cupboards.
Behavioral dyscontrol was very challenging to manage for several years despite multiple
pharmacologic manipulations. He developed significant parkinsonism by age 71, which
complicated his caregiver’s ability to assist with ambulation, dressing, and transfers;
carbidopa/levodopa provided a modest but noticeable improvement. He was bedridden
for the final months of his life.

Neuropathologic examination revealed marked frontotemporal atrophy with Pick bodies,
ballooned neurons, and glial inclusions in the neocortex, medial temporal structures,
and midbrain.2 Evidence of brainstem-predominant Lewy body disease was also seen,
with Lewy bodies in the substantia nigra and moderate associated neuronal cell loss. No
Alzheimer disease neuropathologic changes were seen.

Age 58 Age 61 Age 64 Age 66

va

FIGURE 3-2.
Imaging of the patient in CASE 3-2. Representative coronal T1-weighted (fgp row) and

axial fluid-attenuated inversion recovery (FLAIR) (boftom row) images at ages 58, 61,
64, and 66. The MRI at age 58 shows atrophy in the right amygdala and mesial frontal
regions, along with mildly increased signal on FLAIR in the left more than right anterior
periventricular regions, including the anterior corpus collosum. Over time, progressive
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atrophy in the frontal and temporal regions and associated ventricular dilatation are
apparent, along with expansion of the increased signal particularly in the left anterior
periventricular region.

COMMENT

This case illustrates many of the typical clinical and MRI features of bvFTD as well
as the challenges families and clinicians face when attempting to manage behavioral
problems. Pick disease has long been considered as the prototypical histopathology

associated with the syndrome of bvFTD, but autopsy studies indicate that among the

frontotemporal lobar degeneration spectrum of diseases, Pick disease is relatively rare.

Page 24
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CASE 3-3

A 60-year-old woman who lived alone repeatedly expressed concern to her daughter that
she was unable to find certain items in her home, such as a particular item of clothing,
jewelry, kitchen utensils, and money. She was convinced that someone was burglarizing
her home. She repeatedly called local law enforcement for a suspected intruder, but no
evidence of a break-in was ever found, leading the officers to suggest to the daughter
that a medical evaluation may be warranted. Months earlier, she had also told her family
that she was approved by her employer for early retirement. She adamantly stated to her
family that she had ample financial resources and would soon be receiving a pension,
having worked at her previous employer for more than 30 years.

Initial evaluation by her primary care provider did not elicit any suggestion of cognitive
decline. She had been paying her bills and shopping independently and had not had any
car accidents. She showed no symptoms of depression. A psychiatric consultation was
arranged, which elicited a much more elaborate description of delusions and paranoia.
The psychiatrist noted that the patient’s father had been diagnosed with amyotrophic
lateral sclerosis in his sixties. She scored 25/30 on the Montreal Cognitive Assessment
(MoCA). Other than the delusions, no other elements of psychosis were present, and her
mood and affect appeared within normal limits. A neurologic consultation was arranged.

The neurologist interviewed the patient and the daughter separately, and the patient felt
that everything was normal for her other than the intruders who were stealing items
from her home. Her daughter reported other behavioral changes, such as a tendency

to be a bit more outgoing toward strangers, a reduced interest in socializing with

family and friends, and a few inappropriate comments made to others in stores and
restaurants. No convincing changes in cognition were voiced by the daughter. The
general neurologic examination was within normal limits. The neurologist was suspicious
for evolving behavioral variant frontotemporal dementia considering the behavioral
features. Considering her family history, familial frontotemporal lobar degeneration
(FTLD) was also a concern, possibly associated with the C9o0rf72 hexanucleotide
expansion. Additional diagnostic studies were sought. The patient refused to undergo

a neuropsychological assessment. Brain MRI was obtained (FIGURES 3-3A through
3-3D), which revealed mild atrophy along the falx anteriorly (FIGURES 3-3A, and
3-3B). Fludeoxyglucose positron emission tomography (FDG-PET) showed convincing
evidence of bilateral frontal hypometabolism (FIGURE 3-3E). She was diagnosed with
mild cognitive/behavioral impairment due to underlying FTLD. Genetic counseling and
genetic testing were then arranged, leading to the identification of >500 GGGGCC
repeats in one allele of the C90rf72 gene.

Her daughter subsequently learned that her mother’s medical insurance had been
discontinued upon her leaving her job. She no longer had any source of income, and,

to her family’s surprise, the balances in her checking and savings accounts were low. The
patient admitted to giving large donations to people she barely knew, and she had been
taken in by telephone and mail scams.
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Her former employer was approached about disability coverage, and her daughter learned
that the patient had not been meeting productivity expectations in the workplace and was
repeatedly reprimanded, but she had never been terminated. Since she had decided to
quit her job, the employer argued that she could not receive any pension. After repeated
attempts by her family and the clinicians involved in her care to support the premise that
evolving familial FTLD was underlying her performance issues at work and led to her
decision to quit, the employer agreed to support long-term disability.

The patient underwent annual neurologic evaluations, in which clinical progression
was rapidly progressive. Her neuropsychiatric features were managed with various
psychotropic agents, with limited apparent benefit. Follow-up MRI at age 63 showed
progressive frontotemporal cortical atrophy (FIGURES 3-3C and 3-3D). She became
progressively less verbal and was moved into a skilled nursing care facility. No features
of parkinsonism or amyotrophic lateral sclerosis evolved. She died at age 64, and
neuropathologic examination revealed FTLD with transactive response DNA-binding
protein 43 (TDP-43) pathology in the brain.

FIGURE 3-3.
Imaging of the patient in CASE 3-3. Coronal T1-weighted (A) and axial fluid-attenuated

inversion recovery (FLAIR) MRI (B) at age 61 show obvious frontal atrophy and more
subtle amygdala atrophy. Coronal T1-weighted (C) and axial FLAIR MRI (D) at age 63
show progression of the frontal atrophy, with more obvious temporal atrophy. The lateral
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ventricles have also increased in size. Fludeoxyglucose positron emission tomography
(FDG-PET) (£) at age 61 shows mild to moderate hypometabolism in the frontal regions.
The color bar and z score reference on the far left of the FDG-PET image reflects the
degree of FDG hypometabolism, with b/ue reflecting z scores in the -1 to -2 range and
red'reflecting a z score of —6. Therefore, the regions with gray or black color reflect
normal metabolism, b/ue color reflects slight to mild hypometabolism, and green to
yellowto red color reflects moderate to very severe hypometabolism.

COMMENT

Several key points are illustrated in this case. A primarily “psychiatric ”presentation

can occur early in the course of FTLD, and the impact on interpersonal relationships,
employment, and financial status can be devastating. The findings on FDG-PET are often
unquestionably supportive of a frontotemporal dementia diagnosis, and the presence of a
family history of amyotrophic lateral sclerosis raises suspicion of a genetically mediated
process, particularly an expansion in the C90rf72 gene.
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CASE 3-4

A 27-year-old woman began exhibiting cognitive/behavioral changes following the birth
of her first and only child. She had been treated for depression during high school

but had not experienced mood symptoms or been treated with psychoactive agents

for several years before her pregnancy. A few months after the birth of her child,

she told family members that she was hearing voices telling her that people that

she knew had died or were dying and frequently cursing at her. She soon developed
other features, including obsessions, the urge to count aloud repeatedly, concrete
thinking, reduced hygiene, reduced judgment, reduced responses, apathy, childlike
behavior, laughing inappropriately, some degree of religious rituals, and a tendency

to repeat statements. She often punched others without apparent appreciation of the

pain she was inflicting. Her food selection became focused on high-calorie items, and
she gained more than 9 kg (20 Ib). She was hospitalized locally and treated in an
inpatient psychiatric service for suspected postpartum psychosis versus schizophrenia.
She was prescribed numerous antipsychotic medications and became catatonic with
parkinsonian features. She underwent numerous diagnostic studies, including MRI, CSF
examination, and multiple autoimmune/infectious/paraneoplastic laboratory studies, all
of which were interpreted as normal except for bilateral caudate head atrophy on her
MRI. A limited neuropsychological assessment showed cognitive slowing. Schizophrenia
and neuroleptic-induced parkinsonism were the working diagnoses at this time. She
underwent electroconvulsive therapy, and her tremor and parkinsonian features improved,
but profound obsessive-compulsive tendencies and emotional withdrawal continued.

After she was discharged from the hospital, she lived with her family and attempted to
return to some of her usual activities, but concerning behaviors continued. She repeatedly
went to the grocery stores forgetting to bring a method to pay for groceries, yet still
attempted to leave with the groceries. She became less interested in caring for her child,
which alarmed her family greatly. She was treated with various psychotropic agents over
the following 2 years, but her behavioral, cognitive, and motor changes continued to
worsen. Her family history included two distant relatives with late-onset dementia.

Her family sought a second opinion, which occurred at 29 years of age. On examination,
she sat rigidly, stared forward with rare eye blinks, and had no spontaneous verbal
output. She was fully oriented, and constructional praxis was intact. She had good recall
of current events. A more extensive mental status examination could not be completed
because of limited cooperation. Mild bradykinesia was present, but she had no rigidity,
no extraocular movement abnormalities, and no features of motor neuron disease.

Blood and CSF laboratory studies for infectious, autoimmune/inflammatory, and
paraneoplastic etiologies were negative. CSF amyloid-p, total tau, and phosphorylated
tau values were not consistent with Alzheimer disease. MRI and fludeoxyglucose
positron emission tomography (FDG-PET) scans are shown in FIGURE 3-4. The MRI
showed frontal and temporal atrophy as well as thinning of the caudate heads, and the
FDG-PET showed marked hypometabolism in the frontal and temporal regions. Genetic
testing did not reveal mutations in any of the known frontotemporal lobar degeneration—
associated genes. She was diagnosed with behavioral variant frontotemporal dementia,
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and her family was counseled on frontotemporal dementia. Over 2 years of follow-up,
behavioral dyscontrol was managed with varying doses of psychotropic agents and
behavioral measures. At age 31, she was incontinent and dependent on her family for
most activities of daily living.

FIGURE 3-4.
Imaging of the patient in CASE 3-4. Coronal (A, B) T2-weighted and axial (C, D) fluid-

attenuated inversion recovery (FLAIR) MRI slices show frontal and temporal atrophy as
well as thinning of the caudate heads. Fludeoxyglucose positron emission tomography
(FDG-PET) (£) shows hypometabolism in the frontal and temporal regions that is most
pronounced in the mesial frontal, orbitofrontal, and anterior temporal regions. The color
bar andz score reference on the far left of the FDG-PET image reflect the degree of FDG
hypometabolism, with b/ue reflecting z scores in the —1 to —2 range and red'reflecting a
z score of —6. Therefore, the regions with gray or black color reflect normal metabolism,
blue color reflects slight to mild hypometabolism, and greento yellowto red color
reflects moderate to very severe hypometabolism.

COMMENT

This case illustrates the “diagnostic odyssey of FTD, ”with features that overlap
with a primary psychiatric disorder and challenges in managing behaviors using
nonpharmacologic and pharmacologic means.
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TABLE 3-1

International Consensus Criteria for Behavioral Variant Frontotemporal Dementia”

I Neurodegenerative disease

The following symptom must be present to meet criteria for behavioral variant frontotemporal dementia (bvFTD):

A Shows progressive deterioration of behavior and/or cognition by observation or history (as provided by a knowledgeable informant)
11 Possible bvFTD

Three of the following behavioral/cognitive symptoms (A-F) must be present to meet criteria; ascertainment requires that symptoms be
persistent or recurrent, rather than single or rare events:

A Earlyb behavioral disinhibition (one of the following symptoms [A1-A3] must be present):
ALl Socially inappropriate behavior
A2 Loss of manners or decorum
A3 Impulsive, rash, or careless actions
B Early apathy or inertia (one of the following symptoms [B1-B2] must be present):
B1 Apathy
B2 Inertia
C Early loss of sympathy or empathy (one of the following symptoms [C1-C2] must be present):
C1 Diminished response to other people’s needs and feelings
C2 Diminished social interest, interrelatedness, or personal warmth
D Early perseverative, stereotyped, or compulsive/ritualistic behavior (one of the following symptoms [D1-D3] must be present):
D1 Simple repetitive movements
D2 Complex, compulsive, or ritualistic behaviors
D3 Stereotypy of speech
E Hyperorality and dietary changes (one of the following symptoms [E1-E3] must be present):
E1 Altered food preferences
E2 Binge eating, increased consumption of alcohol or cigarettes
E3 Oral exploration or consumption of inedible objects
F Neuropsychological profile: executive/generation deficits with relative sparing of memory and visuospatial functions (all of the following
symptoms [F1-F3] must be present):
F1 Deficits in executive tasks
F2 Relative sparing of episodic memory
F3 Relative sparing of visuospatial skills
111 Probable bvFTD
All of the following symptoms (A-C) must be present to meet criteria:
A Meets criteria for possible bvFTD
B Exhibits significant functional decline (by caregiver report or as evidenced by Clinical Dementia Rating scale or Functional Activities
Questionnaire scores)
C Imaging results consistent with bvFTD (one of the following [C1-C2] must be present):
C1 Frontal and/or anterior temporal atrophy on MRI or CT
C2 Frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPECT
1V bvFTD with definite frontotemporal lobar degeneration (FTLD) pathology
Criterion A and either criterion B or C must be present to meet criteria:
A Meets criteria for possible or probable bvFTD
B Histopathologic evidence of FTLD on biopsy or postmortem
C Presence of a known pathogenic mutation
V Exclusionary criteria for bvFTD

Criteria A and B must be answered negatively for any bvFTD diagnosis; criterion C can be positive for possible bvFTD but must be negative for

probable bvFTD:

A Pattern of deficits is better accounted for by other nondegenerative nervous system or medical disorders
B Behavioral disturbance is better accounted for by a psychiatric diagnosis

C Biomarkers strongly indicative of Alzheimer disease or other neurodegenerative process

CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography; SPECT = single-photon emission
computed tomography.

aModified with permission from Rascovsky K, et al, Brain.18 © 2011 Oxford University Press.

b . . )
“Early ”generally refers to symptom presentation within the first 3 years.
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Primary Proteinopathies Associated With Frontotemporal Lobar Degeneration Spectrum Disorders”

Page 31

Tauopathies (approximately 40-45% of cases)

4 Pick disease

# Progressive supranuclear palsy (PSP)

4 Corticobasal degeneration (CBD)

# Argyrophilic grain disease (AGD)

4 Globular glial tauopathy (GGT)

¢ Age-related tau astrogliopathy (ARTAG)

4 Primary age-related tauopathy (PART)

Transactive response DNA-binding protein 43 (TDP-43) proteinopathies (approximately 40-45% of cases)
4 Subtypes (TDP types A-D +/- U) are based on the relative abundance of different types of TDP+ neuronal inclusions and their laminar
distribution within the cerebral neocortex

4 Limbic-predominant age-related TDP-43 encephalopathy (LATE)

FET protein familyb and other disorders (approximately 5-10% of cases)

4 Basophilic inclusion body disease (BIBD)

4 Neuronal intermediate filament inclusion body disease (NIFID)

# Atypical frontotemporal lobar degeneration with ubiquitin-positive inclusions (aF TLD-U)

# Frontotemporal lobar degeneration with inclusions labeled with markers of the ubiquitin/proteasome system
# Hereditary diffuse leukoencephalopathy with spheroids (HDLS)

4 Others

aData from Neumann M, Mackenzie IRA, Neuropathol Appl Neurobiol. 45

bFUS, EWSR1, TAF15.
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