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ABSTRACT: Frontotemporal dementia (FTD) is a devastating neurodegenerative condition for which there is currently no effective treatment.
Although it is much less common than Alzheimer’s disease, the impact of FTD is increased by its relatively early onset and high heritability.
Clinical heterogeneity and overlap with other neurodegenerative and psychiatric syndromes complicate diagnosis. However, recent advances
in our understanding of the molecular basis of FTD provide a foundation for the development of much-needed biomarkers and targeted
therapies. This review provides a summary of the recently revised clinical criteria for FTD, highlights diagnostic challenges, briefly summarizes
recent molecular discoveries and then focuses on promising developments in biomarkers and clinical trials.

RÉSUMÉ : La démence frontotemporale et les progrès récents de la recherche. La démence frontotemporale (DFT) est une maladie
neurodégénérative dévastatrice, pour laquelle il n’existe, à l’heure actuelle, aucun traitement efficace. Bien que l’affection soit beaucoup moins
fréquente que la maladie d’Alzheimer, l’apparition relativement précoce des symptômes et sa grande héritabilité en aggravent la portée. De
plus, son hétérogénéité clinique et ses caractères communs avec ceux d’autres syndromes neurodégénératifs et psychiatriques compliquent la
pose du diagnostic. Toutefois, des progrès récents réalisés en matière de fondements moléculaires de la DFT jettent les assises de l’élaboration
de biomarqueurs jugés très nécessaires et de traitements ciblés. Aussi présenterons-nous dans l’article un résumé des critères cliniques révisés
depuis peu, les difficultés de la pose du diagnostic et les découvertes moléculaires récentes, puis nous discuterons des espoirs que suscitent les
progrès en ce qui concerne les biomarqueurs et les essais cliniques.
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Introduction

Frontotemporal dementia (FTD) is the term used for a group of
clinical syndromes that differ from Alzheimer’s disease (AD) by
presenting at a younger age (mean, 60 years), progressing more
rapidly and more often having an underlying genetic cause.1,2

Although much less common than AD, FTD is an important
neurodegenerative disease that accounts for 10%–15% of all
dementia and is the second most common type before age 65.3

With an estimated prevalence of 15/100,000, there are currently
∼50,000 individuals suffering from FTD in North America, result-
ing in significant socio-economic costs.4 FTD is a multifaceted
clinical syndrome, characterized by progressive deterioration in
behaviour, personality and/or language, with relative preservation
of memory, early in the disease.2 Clinical subtypes include the
behavioural variant (bvFTD) and two forms of primary progressive
aphasia (PPA), progressive non-fluent aphasia (PNFA or nfvPPA)
and semantic dementia (SD or svPPA).5,6 In addition, there is
growing recognition that FTD shows significant clinical, patho-
logical and genetic overlap with a number of movement disorder
syndromes; particularly corticobasal syndrome (CBS), progressive
supranuclear palsy (PSP) and motor neuron disease (MND).7,8

Although there is currently no effective treatment for FTD,major
recent advances in our knowledge of the molecular genetic and
pathological basis1,9 have provided exciting opportunities to develop
targeted, disease-modifying therapies.10,11 However, testing and
implementing this type of precision medicine requires accurate,
early diagnosis, which is especially complicated in FTD due to the
high degree of clinical and pathological heterogeneity, factors that
emphasize the urgent need for refined diagnostic criteria and the
development of useful biomarkers. The aim of this review is to
describe the current state of FTD diagnosis and its challenges,
and briefly summarize the remarkable molecular advances that have
been made, in order to provide useful context for understanding the
rationale behind recent biomarker and therapeutic strategies.

Terminology

For most of the 20th century, the term ‘Pick’s disease’ (PiD) was
broadly used for cases of non-AD dementia with lobar atrophy,
regardless of the underlying pathology.12 By the 1980’s, researchers
in select centres had begun to focus specifically on these cases and
accrue sizable cohorts, which allowed for the publication of a num-
ber of position papers that attempted to clarify the nosology and
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better define the clinical and pathological criteria.13–15 Although
most recommended the term ‘FTD’ to refer to the clinical syndrome,
and ‘frontotemporal lobar degeneration’ (FTLD) for the underlying
pathologies,16 others have used ‘FTLD’ more generically. The
diagnosis of PiD is now usually reserved for relatively rare cases
of clinical FTD with pathologically confirmed Pick bodies.

Clinical FTD Subtypes

The clinical manifestations of FTD reflect the preferential neuro-
degeneration of the frontal and temporal cerebral lobes. In an effort
to improve diagnostic accuracy, new clinical diagnostic criteria
were developed in the last decade for each of the FTD subtypes
(Table 1 and Table 2),5,6 as well as the overlapping motor syn-
dromes of PSP, CBS and FTD-MND.17–19

Behavioural Variant FTD (bvFTD)

BvFTD is the most common clinical subtype, accounting for
approximately half of all FTD cases.20,21 The mean age of onset
is approximately 58 years and the average survival is 8 years; how-
ever, there is wide variation, with earlier onset and more rapid
course in those with a genetic cause, and much shorter survival
in those with associated amyotrophic lateral sclerosis (ALS).22,23

BvFTD is characterized by progressive and persistent changes in
personality and behaviour with decline in social skills and execu-
tive dysfunction.2,6 Typical early symptoms include apathy, disin-
hibition, repetitive and/or compulsive behaviours, change in eating
habits and decreased empathy. Deficits in executive function result
in difficulties planning and higher level thinking; whereas, lan-
guage, visuospatial skills and memory are usually preserved, early
in the disease. Although not specifically included in the current
diagnostic criteria by Rascovsky et al.,6 impaired social cognition
(‘theory of mind’) and emotion recognition are also common
features.24 The most recent consensus criteria provide three levels
of diagnostic certainty with ‘possible’ bvFTD based upon the pres-
ence of core symptoms alone, ‘probable’ including supportive

neuroimaging findings (see above) and ‘definite’ bvFTD for cases
with proven pathology or causal mutation (Table 1).6 These
new criteria have improved diagnostic sensitivity and specificity
(possible bvFTD, 85%–95% and 82%, respectively; probable
bvFTD, 75%–85% and 95%, respectively).25,26 BvFTD is the most
common presentation of all the major genetic causes of FTD and
may be associated with all of the common molecular pathologies
(i.e. FTLD-tau, FTLD-TDP and FTLD-FET) (Table 3).9

Primary Progressive Aphasia (PPA)

A diagnosis of PPA is appropriate when progressive language
decline and speech difficulties are the most prominent presenting
features and remain predominant during the first few years of dis-
ease.5,27,28 The non-fluent and semantic variants (nfvPPA and
svPPA, respectively) are usually associated with FTLD pathology
and, therefore, considered as part of the FTD clinical spectrum;
whereas, logopenic variant PPA (lvPPA) is usually caused by
AD-type pathology (Table 2). Although most cases of PPA can
be classified as one of these three common variants, some cases
present with a broader spectrum of language dysfunction and have
been referred to as mixed PPA.29

Non-fluent Variant PPA (nfvPPA)
Non-fluent (or agrammatic) PPA is characterized by expressive
language deficits in which speech is slow, effortful, telegraphic
and is often accompanied by agrammatism, phonemic paraphasias
and speech apraxia.5 There is sparing of single word comprehen-
sion, but an impaired understanding of complex sentences.
Personal and interpersonal conduct, behaviour and insight are
preserved early in the disease. NfvPPA accounts for 25% of FTD
and has a slightly later mean age at onset (63 years) and an

Table 1: Criteria for bvFTD (modified from Rascovsky et al.)6

Possible bvFTD

Progressive deterioration of behaviour and/or cognition that is not
better accounted for by another neurological, psychiatric or medical
disorder.

At least three of the following:
• early behavioural disinhibition with at least one of:
- socially inappropriate behaviour
- loss of manners or decorum
- impulsive or careless actions
• early apathy or inertia
• early loss of sympathy or empathy with at least one of:
- diminished response to the needs and feelings of others
- diminished social interest, interrelatedness or personal warmth
• early perseverative, sterotyped or compulsive/ritualistic behaviour
• hyperorality or dietary change
• neuropsychological profile showing executive deficits with relative
sparing of memory and visuospatial function.

Probable bvFTD

All of the following:
• meets criteria for possible bvFTD
• significant functional decline
• neuroimaging showing frontal and/or temporal atrophy, hypoperfusion
or hypometabolism

Table 2: Criteria for PPA subtypes (modified from Gorno-Tempini et al.)5

Nonfluent variant PPA

At least one of:
• agrammatism in language
production

• effortful, halting speech þ/-
speech apraxia

and At least two of:
• impaired comprehension of
complex sentences

• spared single word
comprehension

• spared object naming

• supportive imaging = left posterior fronto-insular atrophy,
hypoperfusion or hypometabolism.

Semantic variant PPA

Both:
• impaired naming
• impaired single word
comprehension

and At least three of:
• impaired object knowledge
• surface dyslexia or dysgraphia
• spared repetition
• spared speech production

• supportive imaging = predominant anterior temporal atrophy,
hypoperfusion or hypometabolism.

Logopenic variant PPA

Both:
• impaired single word retrieval
• impaired sentence repetition

and At least three of:
• errors in spontaneous speech
• spared single-word
comprehension

• spared motor speech
• absence of agrammatism

• supportive imaging = predominant left posterior perisylvian or parietal
atrophy, hypoperfusion or hypometabolism.
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intermediate rate of progression (9 years mean survival).20,21 It may
be associated with either underlying FTLD-tau or FTLD-TDP and
is a relatively common presentation in families with GRN or
C9orf72 mutations (Table 3).9

Semantic Variant PPA (svPPA)
SvPPA presents with anomia, impaired single word comprehen-
sion and surface dyslexia, due to loss of semantic memory, but
sparing of speech production (i.e. fluency).5 Initial word-finding
difficulties often involve low frequency or specialized terms, but
progressively includes words that are more common. SvPPA
accounts for approximately 20% of all FTD cases and has a mean
onset of 60 years and a relatively slow progression (11 years mean
survival).20,21 In typical cases, atrophy of the left anterior temporal
lobe underlies the progressive loss of meaning for words, objects
and emotions. Less commonly, cases with predominant right ante-
rior temporal lobe atrophy present with behavioural changes sim-
ilar to bvFTD, memory impairment, prosopagnosia and only mild,
late-onset language deficits.30 These ‘right semantic dementia’ or
‘right temporal variant FTD’ cases also have more frequent depres-
sion, somatic complaints and mental slowness. SvPPA is usually
sporadic and is almost always associated with FTLD-TDP type
C pathology (Table 3).9

Logopenic Variant PPA (lvPPA)
LvPPA, characterized by word-finding difficulties, anomia and
impaired sentence repetition, is most often an atypical presentation
of AD and not considered part of the FTD spectrum.5,31

Molecular Neuropathology and Genetics of FTD

The neuropathology that underlies clinical FTD is heterogeneous.9

Degeneration of the frontal and temporal cerebral lobes is a rela-
tively consistent feature and FTLD is used as the general term for
those pathological conditions that commonly present as clinical
FTD.16 Until quite recently, our knowledge of the molecular basis
of FTD was limited to a subset of cases in which the pathology is
characterized by abnormal intracellular accumulation of the
microtubule-associated protein tau (FTLD-tau), which includes
cases with PiD, PSP and CBD pathology, and families with auto-
somal dominantly inherited FTD and parkinsonism caused by
mutations in the tau gene (MAPT) (Figure 1).32 However, this sit-
uation changed dramatically, beginning in 2006, when mutations
in another gene on chromosome 17 (GRN), that encodes the pro-
granulin protein (PGRN), were also found to cause familial
FTD.33,34 That same year, the pathological protein inmost tau-neg-
ative cases was identified as being the transactive response DNA
binding protein Mr 43 kD (TDP-43).35 It was subsequently found
that the small number of cases without either tau or TDP-43 path-
ology had cellular inclusions composed of fused in sarcoma (FUS)
and the other FET proteins.36,37 Most recently, abnormal expan-
sion of a GGGGCC hexanucleotide repeat in a non-coding region
of the chromosome 9 open reading frame 72 gene (C9orf72) was
identified as being the most common genetic cause of both FTD
and ALS.38,39 These and other recent discoveries now make it pos-
sible to assign virtually all cases of clinical FTD to one of three
pathological protein classes (FTLD-TDP, 50%; FTLD-tau, 45%;
FTLD-FET, 5%)9 and to determine the underlying genetic cause
in most families with inherited FTD (Figure 2).1

Table 3: Molecular classification of FTLD with genetic and clinical correlations (modified from Hodges FTD)40

Major protein class Pathological subtype* Associated genes

Clinical phenotypes

bvFTD nfvPPA svPPA aPD MND

FTLD-tau • MAPT þ (þ) (þ) þ ALS, PLS

• PiD þ þ þ (þ)

• CBD þ þ þ PLS

• PSP þ þ þ PLS

• GGT þ þ PLS

• AGD (þ)

FTLD-TDP • (TARDBP) (þ) þ ALS

• type A • GRN þ þ þ
• type B • C9orf72 þ þ (þ) þ ALS

• type C þ þ
• type D • VCP þ (þ) ALS

FTLD-FET • (FUS) (þ) ALS

• aFTLD-U þ
• NIFID þ þ PLS

• BIBD þ þ ALS

FTLD-UPS • FTD-3 • CHMP2B þ (þ) (ALS)

aFTLD-U, atypical frontotemporal lobar degeneration with ubiquitinated inclusions; AGD, argyrophilic grain disease; ALS, amyotrophic lateral sclerosis; aPD, atypical parkinsonism; BIBD,
basophilic inclusion body disease; bvFTD, behavioral variant FTD; C9orf72, chromosome 9 open reading frame 72 gene; CBD, corticobasal degeneration; CHMP2B, charged multivescicular body
protein 2B gene; FTD, frontotemporal dementia; FTD-3, FTD linked to chromosome 3; FTLD, frontotemporal lobar degeneration; FUS, fused in sarcoma gene; GGT, globular glial tauopathy; GRN,
progranulin gene;MAPT, microtubule associated protein tau gene; MND, motor neuron disease; nfvPPA, non-fluent primary progressive aphasia; NIFID, neuronal intermediate filament inclusion
disease; PiD, Pick’s disease; PLS, primary lateral sclerosis; PSP, progressive supranuclear palsy; svPPA, semantic variant PPA; TARDBP, transactive response DNA binding protein gene; TDP, TDP-
43; UPS, ubiquitin proteasome system; VCP, valosin containing protein gene.
(þ)Rare cause or unusual phenotype.
*Indicates the characteristic pattern of pathology, not the clinical syndrome.
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Associated Motor Syndromes

Over the past few decades, there has been increasing recognition
that FTD shows significant overlap with a number of movement
disorder syndromes at a clinical, genetic and pathological level

(Table 3). Patients who present with FTD may subsequently
develop extrapyramidal features, often with just bradykinesia
and rigidity,8 but sometimes with more complex syndromes, such
as PSP or CBS.41 Similarly, corticobasal degeneration (CBD) and
PSP pathology can both be associated with aphasia (usually
nfvPPA)42,43 or significant frontal lobe dysfunction,44 and these
cognitive features are now included in the clinical diagnostic cri-
teria for CBS and PSP.17,18 Pathogenic mutations inMAPT, which
are always associated with tau-based pathology, may manifest clin-
ically as either FTD or atypical parkinsonism.32 Less often, muta-
tions in genes that result in FTLD-TDP (e.g. C9orf72, GRN) may
have extrapyramidal features that are usually mild and late-onset,
but may occasionally be the presenting feature.45–48

A similar strong relationship exists between FTD and MND.
Approximately 10% of patients who present with ALS go on to ful-
fill diagnostic criteria for dementia, often with features of FTD
(more often bvFTD than PPA), and up to 50% of ALS patients have
evidence of more subtle frontal lobe dysfunction on imaging or
neuropsychological testing.19,23,49 Conversely, up to half of patients
with FTD are found to have signs of pyramidal dysfunction, with
some eventually fulfilling criteria for either ALS or primary lateral
sclerosis (PLS).7 TDP-43 is the pathological protein in more than
95% of clinical ALS, and FTLD-TDP is the most common patho-
logical substrate for FTD.50 Many (but not all) mutations that are
associated with TDP-43 pathology can present as either FTD or
MND, or both; specifically, C9orf72 and TBK1 mutations com-
monly present as ALS or PLS, but GRN mutations do not.38,51,52

As a result, CBS/CBD and PSP are sometimes included within
the broader spectrum of FTD, and FTD and ALS are often

Figure 1: The neuropathology underlying clinical FTD is variable. There is usually preferential atrophy of the frontal and/or temporal cerebral lobes (arrows) (A) and the term
frontotemporal lobar degeneration (FTLD) is used for pathological conditions that commonly present as clinical FTD. Examples of FTLD with cellular inclusions composed of tau
protein (FTLD-tau) include classical Pick’s disease (PiD) with neuronal Pick bodies (B), progressive supranuclear palsy with tufted astrocytes (C) and corticobasal degeneration (not
shown). Different patterns of TDP-43-immunoreactive pathology include FTLD-TDP type A, characterized by neuronal cytoplasmic inclusions and short neurites, found in most
cases of familial FTD caused by GRNmutations (D) and FTLD-TDP type Cwith long, tortuous neurites, present inmost cases of semantic variant PPA (e). A small proportion of cases
have cellular inclusions composed of FUS and other FET proteins (FTLD-FET) (F). (A) Gross photo of postmortem brain of patient with behavioural variant FTD and classical PiD,
(B) Pick bodies in pyramidal neurons of hippocampus stained with Bielschowsky silver method, (C) tufted astrocyte labelled with tau immunohistochemistry (IHC), (C, E) TDP-43
IHC on sections of frontal cortex, (F) FUS IHC on section of hippocampal granule cell layer.

Figure 2: Molecular basis of FTD. FTLD-TDP pathology is present in approximately half
of clinical FTD cases, including those caused by mutations in the chromosome 9 open
reading frame 72 (C9orf72), granulin (GRN) and a number of other genes. FTLD-tau
pathology is slightly less common (∼45%) and is found in all familial cases with tau
gene (MAPT) mutations. A small proportion of sporadic FTD cases have pathological
inclusions composed of FUS and other FET proteins (FTLD-FET).
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considered to represent a clinical spectrum of disease with overlap-
ping pathogenesis.

Challenges in Diagnosis and Prognosis

Accurate, early diagnosis is crucial to providing patients and their
families with useful information about their disease, avoiding
unnecessary or inappropriate treatment, and selecting patients
for relevant clinical trials. However, even with application of the
revised clinical diagnostic criteria, distinguishing FTD from other
common neurodegenerative and psychiatric conditions remains
challenging.25,26 Prominent FTD-like behavioural abnormalities
are not uncommon in AD, particularly in young-onset cases (i.e.
frontal or behavioural variant AD). The clinical subtypes of PPA
may be difficult to distinguish from one another and do not con-
sistently predict underlying FTLD versus AD pathology.53 Early
memory impairment, which was previously considered to be an
exclusionary criteria for FTD,14 is increasingly recognized as a fea-
ture in some patients with FTD and may be sufficient to meet AD
diagnostic criteria.54,55 It is also fairly common for young FTD
patients with prominent personality changes and behavioural
abnormalities to receive an incorrect initial diagnosis of a primary
psychiatric disorder, such as schizophrenia, bipolar disorder or
major depression, with FTD only becoming recognized as the dis-
ease progresses.56,57

Additional challenges result from the clinical and pathological
heterogeneity within FTD. Although the initial presentation may
be a relatively pure FTD subtype, additional behavioural, language,
psychiatric and/or motor features often emerge and accumulate as
the disease progresses, resulting in a convergence of FTD pheno-
types. Even within families, where affected members share the
same causal mutation, there may be significant variation in the
age at onset, presenting features and disease course.58 This varia-
tion in the natural history make it difficult to determine prognosis
and to establish outcomemeasures and endpoints for clinical trials.

Finally, although some FTD clinical syndromes have strong
pathological correlations (e.g. PSP with tau pathology, svPPA
and FTD-ALS with TDP-43 proteinopathy), and each of the
common FTD-causing mutations has a consistent underlying
pathology, it is not possible to accurately predict the FTLDmolecu-
lar subtype in patients with the most common FTD presentations
of sporadic bvFTD and nfvPPA (Table 3). These challenges under-
score the urgent need for biomarkers that support early diagnosis,
help monitor disease progression and accurately predict the under-
lying pathology.

Biomarkers

Neuroimaging
The patterns of volume loss seen with structural neuroimaging
(T1-weighted MRI) help to distinguish FTD from other neurode-
generative conditions and to differentiate the various FTD clinical
subtypes (Figure 3). Frontotemporal atrophy with relative sparing
of the hippocampus and medial temporal lobes has been reported
to distinguish FTD from AD with a sensitivity of 55%–94% and
specificity of 81%–97%.59–61 Cases with bvFTD show particular
involvement of bilateral frontal lobes, anterior insula and ante-
rior/mid cingulate, with anterior temporal, striatum and thalamus
also frequently involved.62 However, there is significant hetero-
geneity among individual cases and cluster analysis suggests that
there may be several neuroanatomical subtypes of bvFTD, showing
either focal or diffuse, frontal versus temporal-dominance pat-
terns.63 Patients with svPPA have a characteristic pattern of

asymmetric atrophy of anterior and inferior temporal regions with
the left temporal pole often affected early.64,65 As disease pro-
gresses, orbitofrontal, inferior frontal, insula and anterior cingulate
may also become affected and the contralateral hemisphere may be
involved. In nfvPPA, there is left perisylvian atrophy affecting
frontal operculum, dorsolateral prefrontal, superior temporal
and insula.64 Progression is associated with spread to ipsilateral
anterior frontal, lateral temporal and anterior parietal regions
and the right prefrontal and temporal lobes.65,66

In addition to clinical correlations, each of the main genetic and
pathological subtypes of FTD displays characteristic patterns of
volume loss.67 Longitudinal studies of inherited forms of FTD have
provided important insights into the natural history of the disease
and have demonstrated that neuroimaging changes can be detected
many years (even decades) prior to the onset of symptoms, with
each of the major genetic groups (MAPT,GRN andC9orf72) show-
ing different rates and sequential patterns of involvement.68

Imaging modalities that reflect brain metabolism (e.g. FDG-
PET) and perfusion (e.g. SPECT) tend to show regional patterns
of change that correlate with and may precede atrophy in FTD
patients. In particular, FDG-PET distinguishes FTD from ADwith
high sensitivity and specificity (97% and 86%, respectively)69,70 and
may be more sensitive thanMRI for detecting early changes in cer-
tain genetic FTD subtypes.71 More novel imaging techniques, such
as diffusion tensor imaging (DTI), resting-state functional MRI

Figure 3: Characteristic patterns of atrophy in FTD subtypes seen with structural neu-
roimaging. Patients with bvFTD show bilateral atrophy of mesial and orbital frontal
regions (pink). In svPPA, atrophy is lateralized (left>right) and targets the anterior tem-
poral lobes and temporal poles (green). nfvPPA is characterized by atrophy of the left
insula, frontal operculum, dorsolateral prefrontal and superior temporal lobes (blue).
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and arterial spin labelling are proving useful in research investigat-
ing changes in functional connectivity within brain networks.72

Particularly promising is the development of PET-based imag-
ing tracers that bind to and demonstrate the anatomical distribu-
tion of specific pathological protein aggregates. PET imaging of the
amyloid-beta protein that forms AD-type senile plaques differen-
tiates AD from FTD with high sensitivity and specificity, although
the proportion of positive FTD cases may increase with age due to
the presence of coexisting AD and FTLD pathology.70,73 Newly
developed radioligands that recognize pathological forms of tau
protein are also proving useful for diagnosing AD.74 Although
tau PET has the potential to distinguish between the major patho-
logical subtypes of FTD (FTLD-tau vs. FTLD-TDP), preliminary
studies suggest that the currently available ligands (e.g.18F-AV-
1451/Flortaucipir F18) are most sensitive for the paired helical fil-
ament tau that forms neurofibrillary tangles in AD and less so for
the common FTLD-tau pathologies such as PSP and CBD.75 This is
perhaps not unexpected in light of recent cryo-electronmicroscopy
findings that the pathological tau filaments that aggregate in each
of the major tauopathy conditions are composed of different tau
amino acid residues and have differently folded structures.76

However, there also appear to be issues of specificity since off-tar-
get binding in structures such as the basal ganglia and substantia
nigra is common and positive signals have been reported in some
patients with clinical or genetic forms of FTD that are commonly
associated with TDP-43 pathology.75,77 More recently, early studies
of a number of second-generation tau tracers (e.g. PI-2620) have
shown some promising results.78 In addition to being sensitive
for AD tau pathology, these have less off-target binding and some
have demonstrated increased uptake in disease-relevant brain
regions in patients suspected of having 4R tauopathies (e.g. PSP
and CBS). Although the urgent need to develop an imaging bio-
marker specific for TDP-43 pathology is also well-recognized,
there has been little progress to date. Finally, a number of studies
have shown that combining multiple neuroimaging modalities
(MRI and FDG-PET or DTI) can improve classification accuracy
when distinguishing FTD from other neurodegenerative disorders
and psychiatric disease.79,80

Biofluid Biomarkers

Most neurochemical biomarkers for neurodegenerative disease are
measured in CSF, although the development of ultrasensitive
assays (e.g. single molecule array, Simoa) is making it possible
to detect some brain-derived proteins in serum and plasma.

The most important differential diagnosis for FTD is usually
AD. The neuropathology of AD is characterized by the accumula-
tion of Aβ42 protein in senile plaques and hyperphosphorylated tau
in neurofibrillary tangles and the measurement of these proteins in
CSF is now commonly used in the diagnostic workup of AD, where
Aβ42 is reduced while total tau (t-tau) and phosphorylated tau
(p-tau181) are increased.81 In FTD, Aβ42 and p-tau181 are typically
normal while t-tau may be normal or elevated82 and a number of
studies have shown that an elevated ratio of t-tau:Aβ42 or p-tau181:
Aβ42 (i.e. AD CSF profile) is particularly useful for differentiating
AD from FTD, especially in younger patients (sensitivity 70%–
89%, specificity 70%–94%).83

Biomarkers that accurately predict the specific biochemical type
of pathology in individuals with FTD are currently lacking. It is
perhaps surprising that CSF tau levels have not proven to be more
useful in differentiating FTD clinical subtypes or in identifying
those with underlying FTLD-tau. However, most studies have

failed to demonstrate elevated p-tau181 levels in FTD patients with
predicted or proven tau pathology,84,85 and although the ratio of
p-tau181:t-tau has been found to be higher in FTLD-tau compared
to FTLD-TDP,86,87 this appears to be due to elevated t-tau in some
FTLD-TDP patients with more severe neuronal loss. Studies meas-
uring novel tau fragments that may be more disease-specific are
ongoing but have been inconclusive, thus far.88 Developing useful
bioassays of TDP-43 is also proving to be a challenge. A number of
studies have used various techniques to evaluate full-length and
pathological forms of TDP-43 in the CSF and blood, and although
some have shown elevated levels in patients with FTD or ALS, the
results have been inconsistent, often with significant overlap
among disease and control groups.89

These limitations highlight the need for more sensitive and spe-
cific assays to distinguish the various FTLD-related proteinopathies.
One recently developedmethod that is showing promise is ‘real-time
quaking-induced conversion’ (RT-QuIC).90 There is growing evi-
dence that the proteins that aggregate and characterize most neuro-
degenerative conditions, including the FTLDs, each have an
abnormal physical conformation that is unique to that pathological
entity.91 Disease progression is thought to result from ‘prion-like’
propagation as pathological protein molecules act as seeds that
direct the mis-folding of native isoforms in a template-dependent
manner. RT-QuIC detects the various disease-specific protein iso-
forms based on their seeding activity in an artificial assay.90 Early
studies indicate that RT-QuIC may be able to detect the presence
of pathological forms of TDP-43 and tau proteins in patient CSF
andmay even distinguish among different tau pathological subtypes
(e.g. 3-repeat tau of PiD vs. 4-repeat tau of PSP and CBD).92–94

There is also currently great interest in a number of proteins
that are non-specific indicators of neurodegeneration and/or neu-
roinflammation as potential biomarkers of neurodegenerative dis-
ease activity. Of these, neurofilament light chain (NfL) is emerging
as one of the most useful.95 When axons are damaged, neurofila-
ment proteins are released into the extracellular space and then
move into the CSF and blood, where neurofilament levels are
thought to reflect the overall severity of neurodegeneration, but
not the specific cause.96 NfL is particularly abundant, easy to mea-
sure and there is strong correlation between levels in CSF and
blood. NfL levels are elevated in all clinical FTD subtypes, particu-
larly in those who also have ALS.97,98 Although NfL levels are sig-
nificantly higher in FTD than other common causes of dementia,
such as AD and Lewy body disease, there is significant overlap, and
the discriminatory power is best when NfL is combined with other
neuroimaging or biofluid biomarkers.99 NfL is particularly useful
for distinguishing FTD from non-neurodegenerative conditions
(e.g. psychiatric disease) where levels are usually normal.100 NfL
is also a good predictor of the rate of disease progression in
FTD and may be useful for monitoring the efficacy of disease-
modifying therapies.98

Finally, there are a few biomarkers that are proving to be useful
in specific genetic subtypes of FTD. Heterozygous mutations in
GRN are one of the most common causes of familial FTD, with
all causal mutations resulting in a 50% reduction in the levels of
PGRN protein.52 Immunoassays can detect reduced levels of
PGRN in CSF and blood, and accurately predict the presence
of a pathogenicGRNmutation, even in pre-symptomatic mutation
carriers.101,102 In addition to diagnostic utility, monitoring PGRN
levels may be useful in clinical trials of PGRNmodulating therapies
for this FTD patient population (see below). The most common
genetic cause of both FTD and ALS is abnormal expansion of a
hexanucleotide repeat sequence in the C9orf72 gene.38,39 Even
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though the repeat is located in a non-coding region of the gene, the
massive pathogenic expansions trigger unconventional translation
of the repeat sequence that generates a set of five dipeptide repeat
(DPR) proteins that accumulate in brain tissue and may be neuro-
toxic.103,104 Elevated levels of one of these DPR proteins (poly-gly-
cine-proline, GP) can be quantitatively detected in CSF by ELISA
in mutation carriers.105 Although the sensitivity and specificity of
poly-GP assays are insufficient for genetic diagnosis and levels do
not correlate with disease activity, measurements may be useful for
monitoring the effect of treatments designed to silence the uncon-
ventional translation (e.g. antisense oligonucleotides).105

Current and Future Treatment

Treatment for FTD currently revolves around the education of
patients and caregivers, behavioural interventions and manage-
ment strategies for bvFTD, and speech therapy for PPA.10,11

Antidepressant, antipsychotic and anti-epileptic medications are
often used to manage certain behavioural features in FTD patients,
despite the absence of good clinical trial support. There is little bio-
logical evidence or clinical trial data to support the use of currently
available AD medications, such as cholinesterase inhibitors and
NMDA antagonists, in FTD. Novel symptomatic treatments that
are currently being investigated include the use of the hormone
oxytocin for treating social apathy106 and transcranial electrical
and magnetic stimulation.107

Recent advances in our knowledge of the molecular basis and
pathomechanistic aspects of FTD have prompted a shift in focus
towards potential disease-modifying therapies. A number of strat-
egies for reducing the toxic effects of abnormal tau aggregation
have been the subject of recent or ongoing clinical trials for AD
and conditions associated with FTLD-tau.108 These tau-focussed
therapies include efforts to (i) promote the clearance of pathologi-
cal tau aggregates with immunotherapy, either passive immuniza-
tion with anti-tau antibodies or active immunization with vaccines
containing tau peptides, (ii) inhibit pathogenic posttranslational
modifications and aggregation of tau, (iii) reduce the expression
of tau using antisense oligonucleotides (ASO) and (iv) compensate
for the loss of normal tau function with molecules that promote
microtubule stability.

Other recent clinical trials are focussing on preventing or modi-
fying the disease course of specific genetic subtypes of FTD.
Strategies to therapeutically elevate PGRN levels in patients with
pathogenic GRN mutations include the use of small molecules
to upregulate transcription of the wild-type GRN allele,109 gene
therapy approaches to replace the null-allele using viral vectors,110

and suppressing PGRN uptake and degradation with antibodies
that block the sortilin receptor.111 Finally, intrathecal ASO therapy
targeting the expanded C9orf72 RNA has been shown to reduce
pathology and improve cognition in animal models and is now
being studied in ALS patients with theC9orf72 repeat expansion.112

Conclusion

The FTD field is currently undergoing a paradigm shift, with recent
advances in our understanding of the molecular pathogenesis
finally making disease-modifying treatments a realistic possibility.
However, the testing and implementation of these targeted thera-
pies will require further improvements in early, accurate clinical
diagnosis and the development of biomarkers that allow for better
classification of patients so they can be directed towards the most
appropriate therapy.
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