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Frontotemporal dementia (FTD) is a clini-
cally, genetically and pathologically hetero-
geneous neurodegenerative disorder that 
selectively affects the frontal and anterior 
temporal lobes of the brain. It is a common 
cause of young-onset dementia (i.e., dementia 
developing under the age of 65 years) with an 
estimated prevalence of 15–22/100,000 indi-
viduals [1]. FTD usually presents with behav-
ioral disturbance (behavioral variant FTD) 
or language impairment (primary progressive 
aphasia), but there is also overlap with motor 
neurone disease and the atypical parkinsonian 
disorders, corticobasal syndrome and progres-
sive supranuclear palsy [1]. At postmortem 
neuronal inclusions containing tau, TDP-43 
or FUS protein are seen in the majority of 
cases. However, a poor correlation between 
clinical syndrome and underlying pathol-
ogy means that it is difficult to diagnose the 
underlying molecular basis during life, except 
in approximately a third of cases which are 
familial, caused by mutations in progranulin 
(GRN), microtubule-associated protein tau 
(MAPT ) or C9orf72 [2]. Although there are 
currently no drugs that can delay the onset or 
prevent the progression of FTD, or even spe-
cific symptomatic therapies with clear benefit, 
recent molecular advances in FTD have sug-
gested promising avenues for treatment. How-
ever, the hetero geneity of FTD means that 
stratification for clinical trials is challenging; 
in sporadic FTD the inability to diagnose the 
underlying molecular pathology in life cur-
rently makes disease-modifying therapy trials 

difficult. Furthermore, biomarkers of disease 
progression that can support the interpretation 
of clinical trials are also lacking.

MRI studies of FTD have mostly examined 
cross-sectional changes in gray matter atrophy 
using volumetric T1 MRI, aiming to identify 
specific patterns correlating with a particu-
lar clinical syndrome or genetic/pathological 
cause [3]. Previous work has shown that there 
are some relatively distinct patterns of atrophy 
in certain genetic and pathological groups, for 
example, symmetrical anterior medial tem-
poral lobe atrophy in MAPT mutations and 
asymmetrical anterior/inferior temporal lobe 
atrophy in the type C subtype of FTLD–TDP 
[4–6]. However, it remains difficult to stratify 
the FTD spectrum adequately using only 
structural T1 imaging, and while there is 
preliminary work suggesting that using other 
MRI modalities may be helpful in stratification 
of FTD (e.g. diffusion tensor imaging may be 
useful in distinguishing FTD due to tau from 
that due to TDP-43 pathology [7]), their utility 
remains unclear. By contrast, there is some evi-
dence that longitudinal imaging measures may 
be useful as biomarkers of disease progression: 
studies have shown that whole brain atrophy 
rates measured at 12-month intervals can pro-
duce feasible sample size estimates for trials in 
FTD [8,9], with more focal measures, such as 
lobar volumes, shown to produce smaller sam-
ple sizes [10]. However, little is currently known 
regarding the variability in rate and pattern of 
disease progression, as measured by change in 
longitudinal imaging markers.
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Cerebrospinal fluid (CSF) or serum measures have 
so far shown limited utility as biomarkers of disease 
onset or progression for disorders in the FTD spectrum. 
Serum progranulin concentration correlates with the 
presence of a pathogenic GRN mutation and has been 
shown to be equally abnormal in the premanifest phase 
before symptoms develop [11]. However, it does not seem 
to change over time, therefore, symptom onset or how 
the disease will change over time cannot be predicted.

Reliable measures of the underlying pathology in 
FTD have yet to be found. While a raised CSF tau/Aβ42 
ratio can distinguish Alzheimer’s disease (AD) from 
FTD pathologically [12], CSF tau does not seem to be 
a direct marker of tau pathology: levels are variable in 
FTD and may be normal [12], including in those with 
mutations in the MAPT gene [13]. TDP-43 has been 
measured in both plasma and CSF [14,15], and a recent 
study of phosphorylated TDP-43 in plasma found raised 
levels in patients with FTD carrying C9orf72 or GRN 
mutations – that is, genetic forms of FTD known to be 
associated with TDP-43 pathology [15]. However, it has 
yet to be shown that plasma or CSF TDP-43 can reliably 
distinguish FTD due to TDP-43 pathology from cases 
due to tau or FUS pathology. A number of recent studies 
have therefore investigated whether other markers may 
distinguish these different pathological subtypes [16,17]. 
In one study, elevated CSF levels of neurofilament light 
chain were particularly seen in those with TDP-43 or 
FUS compared with tau pathology [16]. A larger study 
investigated a series of CSF markers and found that a 
panel of five proteins showed promise for distinguish-
ing patients with TDP-43 from those with tau pathol-
ogy [17]. However, in a further validation study, the most 
promising biomarker was reduced phosphotau-181/total 
tau ratio, which appeared to be a biomarker of TDP-43 
pathology and could differentiate it from FTD due to 
tau pathology with a sensitivity of 82%, although, with 
a specificity of only 62% [18].

There are no studies investigating CSF or serum mea-
sures of disease progression in FTD, although, it has 
recently been suggested that CSF neurofilament light 
chain may be a marker of disease severity in FTD [19]. 
Further work will need to be carried out to confirm the 
utility of this and other markers in tracking FTD.

An area of particular interest in FTD biomarker 
discovery is that of neuroinflammation and microglial 
activation, with studies demonstrating the importance 

of these processes in the pathophysiology of FTD [20,21]. 
However, preliminary studies of inflammatory markers 
in FTD have been inconsistent: one study has shown 
raised serum IL-6 levels in patients with GRN mutations 
but normal TNF-α [22], whereas another study showed 
raised serum TNF-α in patients with GRN mutations 
and semantic dementia [23].

Another area of future interest will be molecular imag-
ing of the underlying pathology in FTD. Until recently, 
no PET ligands have been available to investigate this, 
however, a recent study has shown that a novel ligand 
(T807) binds to tau in AD [24], although, it has yet to be 
shown whether it will be abnormal in patients with the 
different tau pathologies associated with FTD.

Studies of familial AD have provided evidence of a 
dynamic biomarker model reflecting molecular and 
functional changes during preclinical and clinical dis-
ease stages of AD. According to this model changes are 
seen up to 25 years presymptomatically in CSF markers 
(Aβ42) followed by molecular imaging (amyloid PET) 
abnormalities around 15 years prior to expected symp-
tom onset and then changes in structural imaging mark-
ers, neuropsychometric measures (tests of episodic mem-
ory) and lastly the development of clinical symptoms and 
subsequent functional decline [25]. Such a model has not 
yet been examined in FTD. Studies of presymptomatic 
genetic FTD have been limited mostly to case reports 
and small-case series [26], although, there is limited evi-
dence for premanifest structural imaging changes, with 
more recent studies showing changes in structural and 
functional connectivity even earlier [27,28]. Larger stud-
ies to investigate this further are now underway includ-
ing the GENFI, a multicenter study across Europe and 
Canada of presymptomatic genetic FTD [26].

While progress has been made in recent years in 
understanding the molecular pathology of FTD, this 
has not yet translated into robust biomarkers of disease 
onset and progression that could have utility in clinical 
trials. However, with the development of candidate ther-
apies for FTD likely to occur in the next few years, it is 
of great importance that the field is ready for such trials 
and adequate studies of biomarkers in large cohorts have 
been performed.
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