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Clinical, genetic and neuroimaging features of frontotemporal dementia

Frontotemporal dementia (FTD) is a heterogeneous
group of disorders causing neurodegeneration within a
network of areas centred on the frontal and temporal
lobes. Clinically, patients present with behavioural symp-
toms (behavioural variant FTD) or language disturbance
(primary progressive aphasia), although there is an over-
lap with motor neurone disease and atypical parkinso-
nian disorders. Whilst neuroimaging commonly reveals
abnormalities in the frontal and temporal lobes, a closer
review identifies a more complex picture with variable
asymmetry of neuronal loss, widespread subcortical
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involvement and in many cases more posterior cortical
atrophy. An autosomal-dominant genetic disorder is
found in around a third of people with mutations in pro-
granulin, C9o0rf72 and the microtubule-associated pro-
tein tau being the commonest causes. In the other two-
thirds, the disorder is sporadic, although recent genome-
wide association studies have started to identify genetic
risk factors within this group. Much of this knowledge
has been understood only in the past 10 years and so
this review will discuss the current knowledge about the
clinical, genetic and neuroimaging features of FTD.

Introduction

Frontotemporal dementia (FTD) is a term used to
describe a clinically diverse group of disorders that are
characterized by atrophy of the frontal and temporal
lobes [1]. This selective pattern of degeneration results
in the clinical phenotypes of behavioural and language
of FTD [2-4]. variant FTD
(bvFTD) presents with a distinct change in behaviour
and personality, whilst language variants, or primary
progressive aphasias (PPA), are associated with pro-
gressive decline in speech and language functions.
There are a number of subtypes of PPA including
semantic variant (svPPA), nonfluent variant (nfvPPA)

variants Behavioural

Correspondence: Dr Jonathan Rohrer, Dementia Research Centre,
Department of Neurodegenerative Disease, UCL Queen Square
Institute of Neurology, Queen Square, London, WCIN 3BG, UK.
Tel: 0845 155 5000; E-mail: j.rohrer@ucl.ac.uk

6

and the logopenic variant (IvPPA), although this latter
form is commonly not incorporated into the FTD clini-
cal spectrum due to its common association with Alz-
heimer’s disease (AD) pathology [5,6]. Overlap with
other neurodegenerative conditions adds to the com-
plexity of the FTD clinical spectrum: some patients with
FTD can develop motor neurone disease (MND) or
parkinsonian disorders such as corticobasal syndrome
(CBS) and progressive supranuclear palsy (PSP).

FTD is not just clinically heterogeneous but is associ-
ated with diverse underlying pathology (inclusions of
abnormal tau, TDP-43 or FUS protein), and in around
a third of cases is caused by a genetic mutation, usu-
ally in the MAPT, GRN or C9orf72 genes. Clinico-
pathological and clinico-genetic correlation is poor;
bvFTD is associated with a range of underlying
pathologies including tau, TDP-43 and FUS [7,8] and
whilst svPPA is commonly associated with TDP-43
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inclusions and nfvPPA with tau pathology [9-11],
there is no absolute association between one of the
clinical FTD subtypes and a single pathological entity.

Clinical features

Behavioural variant FTD (Table 1)

BVETD is the most common variant of FTD accounting
for approximately 50% of all cases [12]. The condition
is associated with atrophy of the frontal and anterior
temporal lobes [13], accounting for the hallmark
changes in behaviour and personality which include
disinhibition, apathy, lack of empathy, obsessiveness
and altered food preferences. Disinhibited behaviour
may incorporate embarrassing social interactions,
impulsivity, excessive spending or even gambling [14—
16]. Apathy is usually described as “blunted affect”, or
a decreased interest in engaging in social situations or
activities that one previously found enjoyable [17].
Individuals with bvFTD that lack empathy are unable
to read the emotions of others or understand their
experiences [18]. Obsessive behaviours that arise can
be simple repetitive movements such as tapping,
scratching and rubbing, whilst more complex ritualistic
behaviours include hoarding, cleaning rituals and fixed
walking routines [19]. Finally, dietary changes can
range from binge eating to idiosyncratic food prefer-
ences and are frequently associated with cravings for
sweet foods [20]. These behavioural symptoms start
insidiously and gradually progress over time.

Cognitively, bvFTD is most commonly associated
with a decline in executive function. Individuals may
struggle with tasks associated with planning, problem-
solving, mental flexibility, attention and working mem-
ory [21]. Problems in these tasks reflect a decline in
frontal functions (and their connections),
whereas other cognitive abilities attributed to more pos-
terior regions of the brain, such as episodic memory
and visuospatial abilities, are commonly initially well
preserved. However, there have been a number of peo-
ple with pathologically confirmed bvFTD who have
been described with early semantic or even episodic
memory impairment.

cortical

A lack of insight is a common feature in bvFTD, as
patients fail to recognize the changes in their behaviour
and personality [22]. Consequently, they rarely seek
medical advice, and are often diagnosed due to a
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relative or colleague
Patients can become agitated when their mental state
is scrutinized, as they feel there is nothing wrong with
them. A lack of insight is also associated with poor
compliance with medication [23] and increased stress
and caregiver burden [24].

BVFTD is difficult to diagnose for numerous reasons.
Changes in behaviour can be subtle, and thus consid-
ered “normal”, whilst other symptoms overlap with
psychiatric disorders or those seen in Alzheimer’s dis-
ease rather than FTD [25] and thus result in a misdiag-
nosis. Despite advances in the characterization of FTD,
frequent misdiagnoses demanded sensitive diagnostic
criteria that could distinguish bvFTD from other disor-
ders early in the disease. This led to the development of
the International FTD Consortium diagnostic criteria
for bvFTD [3] (Table 1): patients must possess at least

suggesting an appointment.

three of the six clinical features: five of which are beha-
vioural (early behavioural disinhibition, apathy or iner-
sympathy or stereotyped
compulsive or ritualistic behaviour, and hyperorality

tia, loss of empathy,
and dietary changes) and one cognitive (executive defi-
cits with relative sparing of episodic memory).

People with bvFTD can also present with other fea-
tures that are not included in the Rascovsky et al.,
(2011) criteria. In addition to altered behaviour, psychi-
atric symptoms can present in a minority of people with
bvFTD. These include psychotic delusions, and multi-
modal hallucinations [26-28]. Such symptoms have
even been observed as the earliest manifestations of dis-
ease in some individuals with C9orf72 mutations [29].
Other psychiatric symptoms include late-onset mania,
depression and cognitive impairment with catatonia
[28]. Deficits in social cognition are observed in virtu-
ally all patients with bvFTD, and present as impaired
emotion recognition [30-32], emotional morality [33]
and theory of mind [34]. A lack of social emotions can
be extremely difficult for close family members to man-
age, as embarrassing social situations can ensue. As a
result, it is not uncommon for relationships to break
down in bvFTD families, and thus social deficits in
bvFTD are now recognized as important features of the
disorder [35,36]. Several studies have shown that
patients with bvFTD also experience autonomic prob-
lems, particularly with regards to altered responsiveness
to pain and impaired thermoregulation [37]. Lastly,
sleep disturbance can be a feature of FTD including
excessive daytime sleepiness [38]. Therefore, the clinical
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Table 1. Summary of symptoms within the current diagnostic criteria for bvFTD

Behavioural/ cognitive symptoms — diagnosis
of possible bvFTD requires at least three
of the following symptoms to be fulfilled:

Examples of specific symptoms

Early behavioural disinhibition >1 of
Socially inappropriate behaviour

Loss of manners or decorum

Impulsive, rash or careless actions

Early apathy or inertia >1 of
Apathy

Inertia

Early loss of sympathy or empathy >1 of
Diminished response to other
people’s needs and feelings

Diminished social interest,
interrelatedness, or personal warmth

Early perseverative, stereotyped or
Compulsive/ritualistic behaviour > 1 of
Simple repetitive movements

Complex, compulsive or ritualistic behaviours

Stereotypy of speech
Hyperorality and dietary changes > 1 of
Altered food preferences

Binge eating, increased consumption
of alcohol or cigarettes
Oral exploration or consumption
of inedible objects
Neuropsychological profile — all three of
Deficits in executive tasks
Relative sparing of episodic memory
Relative sparing of visuospatial skills

Staring, inappropriate physical contact with strangers,
inappropriate sexual behaviour, verbal or physical aggression

Lack of social etiquette, insensitive or due comments,
preference for crass jokes and slapstick humour,
inappropriate choice of clothing or gifts

New gambling behaviour, driving or investing recklessly,
overspending, gullibility to phishing/Internet scams

Reduced drive, stops previous hobbies, stops going out,
reduced bathing or personal care

Lack of persistence or completion of an activity, does
not initiative activities or conversations

Selfish or hurtful comments or actions, inability to
perceive when someone is upset, embarrassed,
or in pain, reduced appreciation of sarcasm
or sophisticated humour

Emotionally cold or detached, lack of rapport in
conversation, loss of interest or affection in
relationships with friends or family members,
reduced interest in sex

Repetitive rocking, tapping, clapping or rubbing

Hoarding, strict grooming or walking routines,
timekeeping and counting, checking or sorting
items, cleaning or tidying, new obsessions or
interests (usually spiritual, religious, artistic or musical)
Habitual repetition of particular words, sentences or topics

Sweet tooth (sweets, biscuits, ice cream),
carbohydrates or obsessive food fads

Cramming food into mouth, overeating or messy
eating, new addictions to alcohol or smoking

Pica

Vary as per neuropsychological assessment used

Table content adapted from Woollacott and Rohrer (2016) [118]. Criteria of possible bvFTD require that symptoms be persistent or recur-
rent, rather than single events. As a guideline, ‘early’ refers to within 3 years of initial symptom onset as per Rascovsky et al. (2011) [3].

bvFTD, behavioural variant frontotemporal dementia.

picture of bvFTD is one of diverse behavioural and cog-
nitive deficits, with the combination of psychiatric,
motor and autonomic disturbances often co-occurring.
It is important to note that there are some patients
(commonly men in their 60’s or 70’s) who present
with behavioural symptoms consistent with bvFTD but
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without any cognitive deficits and lacking any changes
on brain imaging. Whilst partners often complain of
progressive symptoms over time, there are commonly
few objective findings when assessed. These patients
are often described as having a bvFTD ‘phenocopy’ syn-
drome [39] and whilst there are some very slowly
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Table 2. Summary of clinical features of each PPA syndrome
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Clinical features

svPPA

nfrPPA IvPPA

Spontaneous speech
(fluency, errors,
grammar, prosody)

Fluent, garrulous and
circumlocutory,
grammatically correct

and intact prosody

Single word comprehension Impaired

Sentence comprehension Initially preserved, becomes
impaired later as word
comprehension is impaired

Single word repetition Relatively intact

Sentence repetition Spared

Naming Severe anomia
(nouns > verbs) with
semantic paraphasias
Reading Surface dyslexia
Writing Surface dysgraphia

Decreased fluency,
effortful (and/or)
apraxic, phonetic
errors, may be
agrammatic

Initially spared, but
affected later on
in disease

Impaired for complex
sentences

Hesitant, with slow output,
long word-finding pauses,
phonemic paraphasias, intact
grammar and prosody

Initially spared, but affected
later on in disease

Impaired, especially if long

Relatively intact (compared to
sentence repetition)

Mild to moderately
impaired if polysyllabic,
otherwise intact

Impaired if grammatically
complex

Spared initially but anomic
as disease progresses

Impaired with length effect

Moderate anomia with occasional
phonemic paraphasias

Phonological dyslexia and Phonological dyslexia

possible phonetic errors

when reading aloud

Phonological dysgraphia Phonological dysgraphia

Clinical features adapted from table in Woollacott and Rohrer (2016) [118]. svPPA, semantic variant primary progressive aphasia;
nfvPPA, nonfluent variant primary progressive aphasia; IvPPA, logopenic variant primary progressive aphasia.

progressive neurodegenerative variants of FTD, the
majority of people fitting into this group do not have a
degenerative illness. Exactly what they do have
remains unclear as they are commonly alive many
years after initial diagnosis and none have come to post
mortem. However, it may represent a decompensation
of a previous longstanding neuropsychiatric illness

such as an autistic spectrum or personality disorder.

Primary progressive aphasia (Table 2)

The term PPA describes a group of disorders in which lan-
guage impairment is the main symptom at onset [40].
There are three diagnostic criteria that should be fulfilled
for all PPA disorders: (i) the insidious onset and gradual
progression of aphasia affecting at least one of: speech
production, object naming, syntax or word comprehen-
sion, (i) language difficulties must be the only determi-
nant that impacts upon activities of daily living and (iii)
the disorder can only be explained by a neurodegenera-
tive process and not by any other medical condition [4].
It is essential to meet all of these criteria for PPA as
speech and language disorders can also arise due to
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cerebrovascular conditions or other neurodegenerative
disorders. Individuals with PPA can also present with
behavioural deficits that are similar to bvFTD; however,
these tend to develop later on in the disease and must not
be the initial impairment. Once these criteria have been
satisfied, patients can then be subdiagnosed into the three
PPA variants: semantic variant (svPPA), nonfluent vari-
ant (nfvPPA) and logopenic variant (IvPPA). However, a
subset of patients with PPA does not fulfil the criteria for
any of these three variants, and have been classified as
PPA - not otherwise specified, or PPA-NOS. For these
patients, the clinical syndrome may become clearer
throughout the disease course, where they can then be
subdiagnosed, or it may not. Each PPA subtype presents
with specific linguistic features and is associated with dis-
tinct neuroanatomical involvement [5]. The most recent
classification system for the PPA syndromes was devel-
oped by Gorno-Tempini et al. (2011) and is shown in
Table 2.

svPPA svPPA accounts for approximately 20% of all
FTD cases [12]. The hallmark feature of this disorder is
a profound loss of conceptual knowledge due to
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dysfunction in the network crucial for semantic
processing [41]. It is typically associated with bilateral,
but usually asymmetrically worse on the left, atrophy
of the anterior temporal lobes [42-44], with particular
involvement of the inferior temporal gyri [45—47].

Patients with svPPA display a lack of semantic
knowledge for objects, words and concepts which pre-
sents as impaired naming (or “anomia”) and word com-
prehension deficits [48]. SvPPA is also characterized by
fluent spontaneous speech, which is garrulous, and diffi-
cult to interrupt. Frequent circumlocutory phrases (i.e.
generally vague descriptions of a word), the use of
empty words (e.g. thing) and semantic paraphasias (e.g.
saying “fork” instead of “spoon”) are common features
used to mask their lack of vocabulary [49,50]. Impaired
object naming may start with low-frequency or less
familiar words such as “labrador”. As the disease pro-
gresses, patients display more severe semantic difficulties
and lose the grasp of broader concepts such as “dog”,
and thus responses become increasingly general over
time [51]. On neuropsychological testing, people with
svPPA display anomia on confrontation naming tasks,
impaired single word comprehension and difficulties
with reading and writing that manifest as surface dys-
lexia and dysgraphia. For example, when reading aloud,
patients pronounce irregularly spelt words phonetically
(saying “sew” as “so00”) due to a lack of knowledge of
the word. Progressive atrophy of the temporal and fron-
tal lobes and the insular cortex also leads to the inability
to associate meaning to other nonverbal stimuli includ-
ing auditory [14,52], tactile [53] and olfactory [54]
stimuli.

Behavioural change can also be a prominent feature
of svPPA, as patients become obsessive over daily routi-
nes, develop eating problems and a range of behaviours
similar to those seen in bvFTD [29,55,56].

svPPA was previously known as semantic dementia
(SD), highlighting the loss of semantic knowledge as
the key cognitive impairment in the disorder. This term
was useful in that it allowed for patients to be included
within this diagnostic label who presented with seman-
tic loss in nonlanguage domains, or who had predomi-
nant semantic impairment but also had other features
such as change in behaviour early on in the illness.
For example, SD can also present with right (more than
left) asymmetrical temporal lobe atrophy, a disorder
often called either “right-sided SD” or just “right tem-
poral lobe atrophy (RTLA)” [46,57-59]. The RTLA
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variant is characterized by early behavioural changes
rather than language impairment [59], and presents
with other key distinguishing features such as an
inability to recognize faces (prosopagnosia) [60,61].
RTLA patients also have more difficulties with topo-
graphical memory [59,62] and can develop other unu-
sual features such as hyperreligiosity [63].

nfvPPA  nfvPPA accounts for around 25% of FTD
cases [12] and is characterized by impairment in
speech production [4]. Symptoms arise due to atrophy
of the left posterior and inferior frontal lobe, and
insular cortex [44,64]. In contrast to the fluent speech
observed in svPPA, individuals with nfvPPA display
nonfluent “effortful” speech, with intact single word
comprehension and object naming [65].

nfvPPA is characterized by agrammatism and/or
impaired motor speech production, known as apraxia
of speech. Speech agrammatism denotes the inappropri-
ate ordering of words and the misuse of word endings,
prepositions, pronouns, conjunctions and verb tenses.
Patients with nfvPPA have difficulty constructing
grammatically meaningful sentences, and use short,
simple phrases that lack connecting words, resulting in
“telegraphic” speech [66,67]. Comprehension deficits
may start with sentences that are grammatically com-
plex [68], before gradually progressing to complete
incomprehension of conversational speech [66]. Some
individuals with nfvPPA can develop binary word
reversals, where they say the opposite word from what
they intend to (e.g. “yes” instead of “no”) or respond to
questions with “stock” phrases such as “I don't know”
in order to avoid spontaneous speech [69]. Over time
speech can deteriorate to the point of mutism [5].

In some cases of nfvPPA, individuals display apraxia
of speech, meaning they lack the ability to coordinate
the motor aspects of speech production. Hesitancy and
articulatory groping to find the correct speech sounds
are common apraxic features [70]. Patients also display
a slow rate of speech, off-target articulation, lengthened
(between sounds, syllables,
words or phrases), and sound distortions and substitu-

intersegment durations

tions that increase with increased utterance length and
complexity [71]. Orofacial apraxia is often seen in asso-
ciation as well, and some patients will have accompa-
nying limb apraxia [72].

nfvPPA can be considered a more heterogeneous dis-
order in comparison to other PPA subtypes: in some
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patients agrammatism can be the most dominant fea-
ture, whilst others can display a presentation of isolated
apraxia of speech. This has led some groups to distin-
guish further subtypes including agrammatic PPA and
progressive apraxia of speech [73]. However, although
distinct symptoms may be seen early on in the disease,
as the disease progresses most patients tend to develop
both apraxic and agrammatic features [72].

IvPPA IvPPA is characterized by long word-finding
pauses which may result in nonfluent speech, false starts
and constant re-wording of phrases [5,74]. This disorder
can be distinguished from nfvPPA by the preservation of
motor speech, that is, the lack of articulation deficits and
the lack of frank agrammatism [4,6]. Impaired sentence
(rather than single word) repetition adds to the clinical
picture, and further dissociates this disorder from svPPA,
although impaired object naming is seen in both
conditions [5,74]. The hallmark neuroimaging feature of
this disorder is asymmetrical (left greater than right)
atrophy of the posterior superior temporal and inferior
parietal lobes as well as posterior cingulate and medial
temporal lobes [75]. Over time anomia and deficits
in sentence repetition and sentence comprehension
worsen, and ultimately single word comprehension and
repetition become compromised [4]. The progression of
symptoms reflects the increasing degeneration of the left
hemisphere language network [76].

Although this disorder is part of the PPA spectrum, it
is usually described as an atypical presentation of AD,
rather than a subtype of FTD. Evidence from post mortem
[6,9,77], PIB-PET imaging [11], and CSF tau and amy-
loid studies [6] has shown that IvPPA is commonly asso-
ciated with AD, rather than FTD, pathology. As the
disease develops impaired episodic memory, and poste-
rior cortical cognitive deficits more typical of AD develop
[78], further dissociating this condition from FTD.

Overlap syndromes

A number of associated motor disorders can overlap
with FTD, including MND, PSP and CBS. In patients
with overlap syndromes, motor symptoms can develop
before, after or alongside the classic deficits of beha-
viour or language [79-81].

FTD-MND Overlap of FTD-MND occurs at genetic,
pathological and clinical levels. The discovery of the
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C9orf72 gene [82,83] and the identification of TDP-43
as the major protein inclusion in both FTD and MND
[84] strengthened the association between these two
conditions. Around 10-15% of patients with FTD
develop MND, and symptoms can arise early or late in
the disease course [85-87]. All FTD subtypes can occur
with FTD-MND; however, it is most commonly seen in
bvFTD, occasionally in nfvPPA, and rarely with svPPA.
Similarly, around 15% of people with MND develop a
clinical syndrome meeting the criteria for FTD; however,
milder cognitive and behavioural abnormalities not
meeting the criteria are also reported in 50-70% of
patients [88,89]. Patients with FTD-MND have the
shortest disease course of all forms of FTD, with an
average of 2—3 years from symptom onset [90].

Parkinsonian disorders Progressive supranuclear palsy is
a neurodegenerative disorder characterized by early
postural instability resulting in backwards falls and
impairment of vertical gaze [91]. This is the classical and
most common phenotype of PSP, known as Richardson’s
PSP-RS [92,93].
diagnostic criteria have established a number of variant

syndrome, or However, recent
phenotypes of PSP including those with predominant
parkinsonism (PSP-P), gait freezing (PSP-PGF) and
ocular motor dysfunction (PSP-OM). The criteria also
recognize the overlap with FTD, both bvFTD (called PSP-
F in the criteria) and PPA, usually nfvPPA (called PSP-
SL in the criteria) [94].

The clinical diagnostic criteria for CBS [the preferred
clinical syndromic term for the disorder previously
called corticobasal degeneration (CBD)] describe an
asymmetric movement disorder combined with cortical
deficits. The core features include: stiffness, clumsiness,
asymmetric apraxia, rigidity, myoclonus, cortical sen-
sory loss, visual/sensory hemineglect and alien limb
phenomena [95-97]. As with PSP, overlap is com-
monly seen with both bvFTD [97] and nfvPPA [98].

Genetics

Frontotemporal dementia is a highly heritable disorder,
with around a third of people having a family history
of dementia or a movement disorder [99,100]. On clo-
ser inspection, this heritability is variable between the
subtypes, with bvFTD the most commonly inherited
(~40-45%) followed by FTD-MND, nfvPPA (~5%), CBS,
PSP-RS and svPPA (<1%).
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The majority of genetic FTD is accounted for by
mutations in three genes: C90rf72, GRN and MAPT.
The frequency of mutations is geographically variable,
for example in the UK, there are approximately equal
number of mutations seen in the three genes (~8—-10%
of all FTD), whilst in Italy, mutations in GRN are the
most common. However, globally, C9orf72 appears to
be the most common genetic cause of FTD [101].

Mutations in all three genes are associated with a
bvFTD phenotype. However, GRN can also be seen in
people with PPA (often a syndrome not neatly fitting
into one of the three clinical syndromes, PPA-NOS)
and CBS. C9orf72 can cause FTD-MND, or pure
MND, and much less commonly a PPA syndrome or
parkinsonian disorder. Patients with C9orf72 muta-
may have early neuropsychiatric symptoms
including delusions and hallucinations. MAPT can

tions

cause a parkinsonian disorder (often CBS, and only
very rarely PSP) and associated semantic impairment
(although only extremely rarely a primary language
disorder) [101].

Mutations in other genes are less common - the
fourth most common cause of genetic FTD is muta-
tions in the TBK1 gene (~1% of all FTD) which can
cause one (or a combination of) bvFTD, MND, PPA
and CBS [102]. Mutations in VCP cause a very speci-
fic clinical syndrome of Inclusion Body Myopathy,
Paget’s Frontotemporal
(IBMPFD) with only a small number of families
described across the world [103]. Mutations in
TARDBP, FUS and SQSTM1 have been described as
causing an FTD syndrome but only in rare reports,
and are more common causes of MND, whilst muta-
tions in CHMP2B are the cause of a form of FTD
seen in a large family in Denmark.

Next generation sequencing allows testing for muta-
tions in multiple genes at the same time (although
CYorf72 expansions require testing for separately).
Whilst this is a great advantage over previous individ-
ual testing, in that the referring physician no longer
needs to have confidence in the clinical syndrome to
make an accurate choice of gene, new approaches will
lead to the more frequent identification of Variants of
Uncertain Significance, variants with reduced pene-

disease and Dementia

trance and concurrent pathogenic mutations [104].
Closer collaboration between geneticists and clinicians
is useful, but segregation and functional data may ulti-
mately be necessary for an accurate classification of a
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variant. In GRN mutations, a very low serum plasma
or CSF progranulin (easily tested via ELISA) can be use-
ful in determining pathogenicity [105].

Genome-wide association studies compare hundreds
of thousands or millions of genetic polymorphisms
between cases and controls. The approach has identified
risk factors for sporadic forms of FTD and modifiers of
the familial forms. The first such study analysed patho-
logically proven cases with TDP-43 pathology and iden-
tified multiple SNPs mapping to the TMEM106B gene
[106]. Whilst replication of the finding in clinically
diagnosed FTD was mixed, it is now clear that the
minor allele of SNP rs1990622 is a strong protective
factor (OR = 0.61) and also modifies the phenotype and
penetrance of individuals with GRN mutations [106] or
C9orf72 [107-109]. Cell experiments that perturb
TMEMI106B suggest a link with lysosome function, but
a direct connection with TDP-43 has not yet been
established [109]. The largest genome-wide association
study to date recruited clinical FTD cases, and identified
the HLA locus as significant in the entire (mixed pathol-
ogy) cohort and variants near to RAB38/CTSC in beha-
vioural variant FTD [110], again implicating lysosomal
function. Gene-based rather than SNP-based analysis of
these data further identified an association of APOE/
TOMM40 with behavioural variant frontotemporal
dementia, and ARHGAP35 and SERPINAI with
nfvPPA, suggesting a role for APOE in pathologies other
than Alzheimer’s disease [111].

Neuroimaging (Figure 1)

The majority of neuroimaging studies of FTD have used
magnetic resonance imaging (MRI), although a smaller
number of studies have investigated positron emission
tomography (PET) or single-photon emission computed
tomography (SPECT) [112]. Diagnostically, the pres-
ence of frontotemporal atrophy, hypometabolism or
hypoperfusion can be helpful, but behind this simplistic
interpretation lies a more complex picture.

Firstly, early involvement of the insula and anterior
cingulate makes FTD not just a frontal and temporal
lobe disease [13]. This circuit is thought to be part of
what has been termed a ‘salience network’, a set of
functionally and structurally connected areas seen on
neuroimaging but also linked at the cellular level by
the presence of a specific set of cells called von Econ-
omo neurones [41]. Studies of presymptomatic FTD
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Figure 1. MR imaging features of different forms of frontotemporal dementia with both baseline coronal T1 scan and longitudinal scan
at approximately 1 year interval. Top row shows different pathologically confirmed cases of bvFTD with features of (i) variable frontal,
temporal, insula and anterior cingulate involvement, (ii) variable asymmetry and (iii) variable rate of progression. Bottom row shows
characteristic features of different PPA variants in pathologically confirmed cases: left frontal and insula involvement in nfvPPA, focal left
more than right anteroinferior temporal involvement in svPPA, left temporo-parietal atrophy in lvPPA and very asymmetrical

frontotemporal atrophy in PPA-NOS due to a progranulin mutation.

have suggested that the insula is the earliest area
affected, around ten to fifteen years prior to symptom
onset [101]. More posterior cortical involvement has
been described even early in the disease in some forms
of FTD, notably parietal lobe atrophy or hypometabo-
lism in those with GRN mutations [112].

Secondly, there is early involvement of subcortical
structures as well. Multiple studies have now shown
atrophy of the hippocampus, amygdala, basal ganglia,
thalamus, hypothalamus and habenula in FTD
[10,13,43,113,114]. Involvement of the cerebellum is
less common but is seen particularly in those with
C9orf72 mutations [115].

Thirdly, there is variable asymmetry in the pattern of
neuroanatomical involvement [10]. Whilst some people
with FTD have relatively symmetrical volume loss (par-
ticularly those with C9orf72 and MAPT mutations), the
majority of people (particularly those with PPA) have
asymmetrical atrophy. In bvFTD, this is commonly
right hemisphere predominant, but can also be left-
sided predominant as well.

© 2018 British Neuropathological Society

Lastly, rate of atrophy is variable between the differ-
ent forms of FTD, for example in genetic FTD rates of
brain atrophy are fastest (as a group) in those with
GRN mutations (~3.5% whole brain atrophy per year)
and slowest in MAPT mutations (~1.5%) [112]. Those
with C9orf72 mutations have more variable rates of
atrophy with some progressing quickly and some very
slowly [116]. This is important for future clinical trials,
where such rates of atrophy may allow shorter trials in
GRN-associated FTD [117].

Discussion

The diversity of clinical presentation within FTD, and
the potential overlap of other conditions lead to consid-
erable nosological and diagnostic difficulties. Modern-
day sequencing has allowed wider access to genetic
testing and whilst there are added complexities of inter-
preting novel variants, more people are being diag-
nosed with a form of genetic FTD than previously.
Focusing on genetic FTD allows a molecular diagnosis
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in life, and studies like the Genetic FTD Initiative,
GENFI [101] are currently creating large cohorts of
both symptomatic and presymptomatic mutation carri-
ers ready for clinical trials. A more difficult problem is
sporadic FTD where molecular diagnosis in life will
require the development of novel biomarkers which
may include PET or fluid markers (discussed elsewhere
in this edition). There is still further research to be
done in understanding the complex heterogeneous dis-
ease of frontotemporal dementia, but we are quickly
approaching the era of therapeutic drug trials, and
hopefully the first step towards a cure for this illness.
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