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Frontotemporal degeneration (FTD) is a clinically, genetically and neuropathologically
heterogeneous syndrome. The clinical syndromes of FTD are typically characterized by
progressive aphasia, decline in executive functions and behavioural problems. Recently,
several other phenotypes have been described, such as progressive supranuclear palsy
(PSP) and the corticobasal syndrome (CBS), frequently in combinations. Furthermore,
the inclusion body myopathy may be a rare feature of FTD. FTD is the most frequent
early-onset (<65 years) dementia, according to different studies comprising 3-26% of all
dementias. Although FTD is commonly addressed as young-onset dementia, the highest
number of patients is diagnosed in the age range from 70 to 84, and the highest incidence at
the age of 71, confirming the need to consider FTD in characteristic phenotypes in different
age groups. Positive family history is present in 25-50% of FTD, mostly in autosomal
dominant pattern, and therefore genetic studies are indicated, if FTD phenotype is present.
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Epidemiology

Frontotemporal degeneration (FTD) is a clinically, genetically and
neuropathologically heterogeneous syndrome [1]. The clinical syndromes of FTD
are typically characterized by progressive aphasia, decline in executive functions
and behavioural problems [2, 3]. Recently, several other phenotypes have been
described, such as progressive supranuclear palsy (PSP) and the corticobasal
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syndrome (CBS), frequently in combinations [3-5]. Furthermore, the inclusion
body myopathy may be a rare feature of FTD [4].

The first patient with aphasia and presenile dementia was described by Arnold
Pick in 1892. The patient had progressive aphasia, lobar atrophy and presenile
dementia. Alois Alzheimer identified that Pick bodies were the underlying
pathology of the disease, and for a long time FTD was diagnosed as Pick’s disease
[3]. Interestingly, by 1986 Pick’s disease was considered to have little relevance and
most dementias were attributed to Alzheimer’s and vascular diseases. Since 1986,
there have been significant advances in scientific research for FTD [6].

FTD is the most frequent early-onset (<65 years) dementia, according to
different studies [2] comprising 3-26% of all dementias. The incidence of FTD is
the lowest in the Netherlands with 0.44 [7], 1.61 in the UK [8], and the highest, 8.14
in Finland (all data presented for 100 000 person years) [7]. The prevalence of FTD
is 10.8/100.000 in the UK and Europe [5]. Although FTD is commonly addressed as
young-onset dementia, the highest number of patients is diagnosed in the age range
from 70 to 84, and the highest incidence at the age of 71 [5, 7].

The prognosis of FTD is serious. The overall life expectancy is 4.7 years. The life
expectancy depends on the dominant syndrome. The shortest life expectancy of
2.9 years is demonstrated with predominantly PSP syndrome, and the longest of 5
to 9 years with progressive aphasias [5].

1. Clinical features of FTD

Classically, FTD is characterized by two phenotypes: behavioural variant FDT
and aphasia variant of FTD.

The behavioural variant of FTD (bvFTD) is the most frequent and present in
40% [7]. BVFTD is characterized by early personality changes, disinhibition or
apathy, and early loss of empathy. According to diagnostic criteria, progressive
deterioration of behaviour and/or cognition has to be present. Furthermore, atleast
three clinical features of the following must be present for the diagnosis of bvFTD:
early (within the first three years) behavioural disinhibition, apathy or inertia,
loss of sympathy or empathy, perseverative, stereotyped or compulsive/ritualistic
behaviours, hyperorality and dietary changes, and executive deficits with relative
sparing of memory and visuospatial function. FTD can be diagnosed, if three
of the five behavioural criteria/cognitive criteria are fulfilled [9]. The revised
criteria [9] for bvFTD have good sensitivity 95% for possible bvFTD [9, 10] and
specificity 82% [10].

Behavioural disinhibition means inappropriate conduct in different social
situations, also impulsive spending and lending money to strangers that may
cause significant financial problems [3]. Clinical features of apathy are decreased
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interest in social interactions and in everyday life, also neglect of personal hygiene.
As the clinical features resemble depression, the early differential diagnosis is
complicated. The loss of empathy and sympathy means that the insight to emotions
and feelings of other people (closest to the person) is lost [3]. In practice, there are
many situations where the patient shows complete indifference to serious problems
of their family members. Likewise, stereotyped and ritualistic behaviours are
typical. Sometimes binge drinking and eating develop [3]. For instance, one of
our patients started to drink alcohol excessively at the age 60 years and at first
the family thought that changes in her behaviour were related to her newly
developed alcohol abuse. Also, some patients exhibit reduced sensation of pain,
leading to burns. Interestingly, at the same time, abnormally brisk response to light
touch or increased response to changes in temperature may occur [6].

The second classical phenotype is aphasia. The primary aphasias were
described and classified in revised form in 2011 [11]. Language phenotype is present
in 29% [7]. Mainly two types of aphasias have been described in FTD. Non-fluent
variant primary progressive aphasia (nfPPA) is present in 12.36% [7], and semantic
variant of primary progressive aphasia (svPPA) (3,12) - in 8.61% [7]. In nfPPA,
speech is impaired, slow with short sentences. Agrammatism and speech apraxia
may or may not be present [6, 13]. The understanding of speech is preserved [6,12].
In addition, isolated primary progressive apraxia of speech may be present in
FTD. Primary speech apraxia means that patient has only motor speech disorder
without language problems. The distinction of pure speech apraxia and nfPPA is
difficult and the syndromes frequently overlap [12]. When the patients have svPPA,
the speech is fluent but has no meaning. Understanding the meaning of words,
objects, and other sensory perceptions are impaired [3, 12].

Not surprisingly, aphasias in general are difficult to spot by family
members. Especially slowly progressive reduction of speech characteristic of
nfPPA aphasiais difficult to detect at onset [12], and the time from onset to diagnosis
is relatively long - 3.5 years [8]. Progressive incomprehensible speech problems
that are characteristic to svPPA are more obvious, and this subtype is diagnosed
1.4 years after onset [5].

In clinical practice, the described variants are not always clear syndromes
according to classification. There is a lot of overlap and mixed syndromes [12].
PPA is diagnosed when the aphasia is the dominating problem during the first two
years of the disease [3] and early behavioural changes are not present [14] but they
appear later in the course of the disease [12]. On the other hand, patients with
simultaneous onset of PPA and behavioural problems have also been described [15].
Recently, predominantly amnestic dementia syndrome with increasing incidence
with advancing age (LATE) has been described with pathological changes typical
for FTD. However, it is still unclear if this subtype is part of FTD spectrum or not
(12, 16].
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2. Cognitive dysfunction

Neuropsychological evaluation is essential in diagnostic process. During
testing attention, language, visuospatial function, executive function, and social
cognition functions need to be assessed [12].

The principal deficits in cognitive function are related to executive functions. In
daily life, it means difficulties with planning and decision making. During formal
neuropsychological testing, profound deficits in various executive functions like
attention, abstraction, planning and task sequencing are frequently demonstrated.
Verbal fluency is typically decreased. A reduced generation of propositional speech
is also common. For instance, patients do not initiate conversation. If asked
a question, they respond with short phrases. Speech may contain perseverations. In
addition, emotion and social recognition are impaired [6].

In bvFTD verbal fluency, inhibition, decision making and neuroeconomics-
derived tasks are most sensitive. Likewise, social cognition is severely impaired,
whilst episodic memory may be preserved. Typically, well preserved functions
include spatial memory, drawing, spatial orientation, and praxis [12].

In clinical practice both Mental State Examination (MMSE) and the Montreal
Cognitive Assessment (MoCA) are used for screening, but frequently a more
thorough neuropsychological assessment is needed to confirm the diagnosis [17].

3. Motor symptoms

Parkinsonian symptoms are present in more than 26-50% of FTD patients
[5, 7]. The most common syndromes are progressive supranuclear palsy (PSP) that
is present in 16% and corticobasal syndrome (CBS) that is present in 10% [7]. CBS
is characterized by asymmetrical parkinsonism with alien limb, dystonia, and
cortical syndromes. PSP is characterized by vertical supranuclear palsy, slowing
vertical saccades, early (during the first year) prominent postural instability with
falls [18]. Similarly common characteristics are striking apathy, impulsivity and
behavioural changes [3].

The possible link between FTD and motor neuron disease (MND) was
recognized already in 1980 [19] that has been confirmed now in many studies
[3,20-22]. MND in FTD has classical features - both upper and lower motor neuron
damage. In the course of the disease, dysarthria, dysphagia, and pseudobulbar
affect may develop. Interestingly, MND signs and symptoms vary in severity,
showing both very mild and severe phenotypes [3, 22]. Mild symptoms were present
in about 30% of studied FTD patients and MND was diagnosed in 6 to 12.5% [7, 22].

Psychiatric symptoms are relatively uncommon in FTD. However, in some
genotypes florid psychotic symptoms may occur. A number of patients are
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initially diagnosed with delusional psychosis, somatoform psychosis or paranoid
schizophrenia [23]. Also, amnestic phenotype may be dominant at onset similar
to Alzheimer’s disease in 3-8%, depending on specific genotype [24]. In clinical
practice, syndromes overlap and change in the course of the disease [5, 15].

4. Proteins and genes

The most common proteinopathies in FTD are tau (tauopathy) and TAR DNA-
binding protein 43 (TDP-43).

Tau pathology was the first to be identified in relation to FTD [19], and about
40% of all FTD cases are tauopathies [25].

TDP-34 protein pathology was discovered in 2006 as cause of FTD [26, 27].
Currently, more than 50% of all FTD are TDP-34 positive, both in familial and
sporadic forms [1]. Importantly, TDP-34 was present both in FTD and MND
phenotypes, confirming that two seemingly different diseases are both TDP34
proteinopathies [27]. These findings confirmed earlier clinical observations of
the link between the two diseases [19]. At present, four different subtypes of TDP-
34 have been identified associated with different genotypes, but in some patients,
different subtypes are present simultaneously [6, 28, 29].

More recently, aggregation of all members of the FET protein family pathology
was discovered that accounts for 5-10% of all FTD cases. In conclusion, itis suggested
that vast majority of proteinopathies present in FTD have been discovered [1].

Although the phenotypes of different proteinopathies are somewhat
different there is still overlap and coexistence of different proteinopathies in
patients. Therefore, predicting the specific proteinopathy based on clinical features
is unreliable and unnecessary [12].

5. Genetic factors

Positive family history is present in 25-50% of FTD, mostly in autosomal
dominant pattern [1].

The first gene linked to FTD was microtubule-associated protein tau (MAPT)
gene on chromosome 17 that codes tau protein and was discovered in 1998 (30).
Incidence of the MAPT gene associated with FTD is very variable across different
populations. Generally, it is present in 1.5% of sporadic and 6.3% of familial cases
[4]. Interestingly, in Sweden [31] and in Finland [32] the frequency of the MAPT gene
is very low but in the Netherlands 43% of familial cases were carrying mutations
to MAPT gene [33].

MAPT gene mutations are usually fully penetrant. [34]
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MAPT gene explained only about 5-20% of familial FTD cases [1]. Taking into
account the high incidence of familial cases, it was obvious that other genes play
an important role.

Mutations of the progranulin (GRN) gene on chromosome 17 were identified
in 2006, and the results were published in two separate papers in July [35] and
in August [36]. GRN gene is associated with TDP-34 pathology [1]. GRN gene is
very close to MAPT gene region that made it difficult to discover [4, 36]. GRN gene
mutations cause 5-10% of all FTD cases [4]. FTD with GRN mutations has autosomal
dominant mode of inheritance and 95% of patients have at least one affected family
member [4,37]. GRN mutations have age-related penetrance with a number of
patients demonstrating first symptoms in their 80s and 90s [34, 38].

The expansionsofthehexanucleotide repeats of the C9orf72 gene on chromosome
9 in relation to FTD was discovered in 2011 and published simultaneously by two
groups [21, 39]. The number of repeats in affected individuals is often >1000 but
already more than 30 repeats cause FTD. [39-42]

CYorf72 is responsible for 4-29% of all FTD cases and in 24-29% if family
history is present [39, 42, 43].

These expansions are associated with variable TDP-34 pathology [1]. It has also
been confirmed that C9orf72 mutations cause TDP-34 pathology both in FTD and
MND phenotypes [20].

Mutations in the gene encoding Valosin-Containing Protein (VCP) on
chromosome 9 were discovered in 2004 [44]. VCP gene is associated with 1.6% of
FTD, and causes TDP-34 proteinopathy [37, 45].

Some other genes causing TDP-34 pathology (including TARDB) have been
described, but the incidence of these genes is rare and available data are still
limited [1].

Mutations in the fused in sarcoma (FUS) gene are on occasion described in FET
proteinopathies [28].

6. Genotype-phenotype correlations with
the most frequent genotypes

6.1 MAPT gene phenotypes (figure 1)

MAPT gene mutations have large variety of phenotypes. However, by far
the most common is bvFTD [4, 46]. Rare mutations of the MAPT gene cause CBS
[46-48], PSP [46, 48], nfPPA [49, 50] and svPPA phenotypes [51].

PPA is usually combined with behavioural symptoms, but rare mutations can
cause isolated PPA [4]. Parkinsonian symptoms may be present at onset with bvFTD
or develop during the course of the disease [48].
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Figure 1. MAPT gene phenotypes. Genes, proteinopathies and clinical feature of the most
common frontotemporal degeneration types

Genes

Proteinopathy
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bvFTD, nfPPA,
svPPA, PSP, CBS,
parkinsonism

bvFTD, nfPPA,
PSP, CBS,
parkinsonism
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Amnestic onset

Harva esinevad
svPPA
Amnestic onset

bvFTD, muscle
symptoms, MND,
psyhosis,
parkinsonism,
hyperkinetic
syndromes

Rare
nfPPA, svPPA

MAPT = microtubule-associated protein tau, GRN = progranulin, TDP-43 = TAR DNA-binding protein 43, bvFTD =
behavioral variant of FTD, nfPPA = Non-fluent variant of primary progressive aphasia, svPPA = semantic variant of
primary progressive aphasia, PSP = progressive supranuclear palsy, CBS = corticobasal syndrome, MND = motor
neuron disease

Few cases have been described with predominantly amnestic syndrome at
onset that may lead to clinically misdiagnosed Alzheimer’s disease [4].

Importantly, heterogeneity of phenotypes and incomplete penetration may
be present also within one family with the same mutations, further complicating
the clinical evaluation of patients [52].

6.2 GRN gene phenotypes

The phenotypes of GRN gene mutations are similar to MAPT gene phenotypes
with the most common syndrome bvFTD [4, 53]. PPA is relatively common, and
present in 20-25%, nfPPA is the most frequent subtype [4, 14, 53, 54].

Amnestic onset is atypical for FTD and this subtype is difficult to differentiate
from Alzheimer’s disease at onset. Parkinsonian syndrome or behavioural problems
develop during the course of the disease. The absence of amyloid pathology typical
for Alzheimer’s disease is helpful for differential diagnosis [12].

Importantly, phenotypes with the same GRN mutations may vary within one
family, for instance, bvFTD and nfPPA have been described within the same family
with the same mutations [54]. Parkinsonian syndromes, like CBS and PSP, are less
frequent [4, 53].

LINGUISTICAND MEDICAL ASPECTS IN HEALTH CARE. FOCUS ON DEMENTIA
K. Gross-Paju. Frontotemporal Degeneration 12



6.3 C90rf72 expansion phenotypes

The most typical phenotypes of C9orf72 expansions are FTD with or without
MND [55]. Patients may present with combinations of clinically definite FTD and
MND. However, about 30-40% of FTD patients may have either MND or mild
symptoms like muscle wasting, rare fasciculations or muscle weakness that may
indicate underlying pathology [22].

The most typical variant of FTD is bvFTD [9, 54].

Importantly, 38% of patients presented with florid psychosis and 28% had
paranoid delusion and irrational thinking that was present in patients with or
without MND [23].

Parkinsonian features may present in the form symmetrical rigidity, with
or without tremor and autonomic dysfunction [56]. PPA is rarely seen in C9orf72
expansions [4].

Importantly, C9orf72 expansions may also present as Huntington’s disease-like
hyperkinetic disorder [57].

The penetrance, and therefore the development of clinical phenotypes depend
on repeat size of C9orf72 expansion. When the repeat size is high the symptoms
develop earlier (mean age 53) compared to lower repeat size when symptoms develop
later (mean age 62) [58]. Also, anticipation (earlier onset in younger generations)
may occur [58-60].

6.4 VCP gene phenotypes

VCP gene phenotypes are different as the clinical picture includes inclusion
body myositis, Paget disease with or without FTD [37, 44, 45, 60]. In fact, 90% of VCP
gene carriers have inclusion body myositis and 30% FTD.

The FTD phenotype is bvFTD but psychiatric disorders, language problems
and very rarely parkinsonian syndrome have been described [4]. The most
common syndrome is inclusion body myositis [60] making the link to FTD difficult
sometimes.

Clinical features of FTD are very heterogenous and change in time. Therefore,
categorical delineation of the leading syndrome like bvIFD, PPA or specific
parkinsonian syndromes may not be always possible as syndromes overlap [5,
15]. Typically, behavioural symptoms develop in 95% of patients with svPPA [5].
Also, taking into account that the same mutation/expansion may result in different
phenotypes the distinction may not be so important in clinical practice.
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Conclusions

FTD is the most common form of dementia with the onset before the age
of 65, but it is most commonly diagnosed in the age frame from 70 to 84 [5]. It
is important to recognize early onset of behavioural changes in patients with
dementia, indicating the possibility of bvFDT. Unfortunately, many FTD patients
manifest with associated symptoms that are not always considered characteristic
of FTD. Although PPA is frequently sporadic [49], many FTD patients manifest
with more or less isolated PPA. Also, the differential diagnosis of atypical
parkinsonian syndromes, especially in patients with PSP or CBS phenotypes or
without frank dementia point to the possibility of FTD. MND is a relatively common
manifestation of FTD. Likewise, mild muscle symptoms: mild wasting, weakness,
rare fasciculations may indicate the underlying FTD.

In neurological practice, we may see psychiatric symptoms less commonly,
but it is well recognized that florid psychosis is relatively frequently present in
FTD, sometimes erroneously leading to the misdiagnosis of a psychiatric disorder.
The predominantly amnestic onset does not rule FTD out completely as several
cases have been described with clinical features at onset that resemble Alzheimer’s
disease.

Comprehensive family history is crucial. Several aspects should be kept in
mind. First, even in one family the phenotype and penetrance may be very different.
So, itis important to analyse in detail all neurological, psychiatric and muscle (and
bone) diseases in relatives. It has been shown that many patients are diagnosed
with Alzheimer’s disease, Parkinson’s disease, psychiatric disorders including
schizophrenia, muscle disease, but all these may be FTD mimics. Likewise,
anticipation has been described in some families, therefore detailed history of
the offspring is equally important.

Unfortunately, even the most detailed clinical picture does not reliably predict
the underlying broad genetic pathology. Therefore, next generation whole exome
or genome sequencing studies are appropriate. It is also important to remember,
that c9orf is a repeat expansion pathology and cannot be detected during whole
exome sequencing.

How rare are these conditions in everyday clinical practice?

Since 2016, at West-Tallinn Central Hospital have been identified 4 patients with
c9orf, 4 patients with GRN mutations, 2 patients with TARDB and also 2 patients
with mutations of MAPT and VCP.

Low threshold for ordering genetic testing in neurological diseases including
FTD is important and enables to reach accurate diagnosis that is important for
patients and their families.
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