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Abstract: Biomarkers in cerebrospinal fluid (CSF) are useful in the differential diagnosis between
frontotemporal dementia (FTD) and Alzheimer’s dementia (AD), but require lumbar puncture, which
is a moderately invasive procedure that can cause anxiety to patients. Gradually, the measurement of
blood biomarkers has been attracting great interest. Testing blood instead of CSF, in order to measure
biomarkers, offers numerous advantages because it negates the need for lumbar puncture, it is widely
available, and can be repeated, allowing the prediction of disease course. In this study, a systematic
review of the existing literature was conducted, as well as meta-analysis with greater emphasis on
the most studied biomarkers, p-tau and progranulin. The goal was to give prominence to evidence
regarding the use of plasma biomarkers in clinical practice.

Keywords: blood biomarkers; frontotemporal dementia; progranulin

1. Introduction

Frontotemporal dementia (FTD) is a heterogeneous group of related conditions re-
sulting from neurodegenerative disorders in the frontal and/or anterior temporal lobe
of the brain [1]. Clinically, all these disorders may be presented as behavioral variant
frontotemporal dementia (bvFTD) or primary progressive aphasia (PPA), whilst variants
with parkinsonism and motor neuron disease are also recognized [2].

FTD is the third most common cause of neurodegenerative dementia, following
Alzheimer’s disease (AD) and dementia with Lewy Bodies, and represents up to 20% of
dementia cases of adults under 65 years old [1]. About 30–50% of cases with FTD are
familial, 15% of which are inherited by an autosomal dominant pattern. Mutations in
three genes have been associated with the majority of familial FTD: microtubule-associated
protein τ (MAPT)-gene on chromosome 17, granulin (GRN)-gene on chromosome 17, and
chromosome 9 open reading frame 72 (C9orf72) (the most common mutation, 12–15%) [3].
Other rare mutations include valosin-containing protein (VCP), charged multivesicular
body protein 2B (CHMP2B), fused in sarcoma gene (FUS), TAR DNA-binding protein
(TARDBP), integral membrane protein 2B (ITM2B) and tank-binding kinase 1 (TBK1) and
TATA box binding protein (TBP), sequestosome 1 (SQSTM1), ubiquilin 2 (UBQLN2), coiled-
coil-helix-coiled-coil-helix domain-containing protein 10 (CHCHD10), optineurin (OPTN)
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and cyclin F (CCNF). These rare mutations account for less than 5% of all FTD mutations
and can be found in a limited number of families worldwide [4].

The differential diagnosis of frontotemporal dementia can be a real challenge. Neu-
roimaging, including magnetic resonance imaging (MRI), resting state functional MRI, 18F-
fluorodeoxyglucose-positron emission tomography (18F-FDG PET) and 99mTechnetium-
hexamethylpropanolamine oxime single photon emission computed tomography (HMPAO-
SPECT), may be helpful in the diagnostic process [5]. However, findings may not be specific
to FTD. Cerebrospinal fluid (CSF) biomarkers such as phosphorylated tau (p-Tau), total
tau (T-tau), amyloid-β peptide 1–42 (Aβ42) can be very useful in the differential diagnosis,
by excluding AD, but lumbar puncture is a moderately invasive procedure that can cause
anxiety to patients [6]. This leads to an increasing need for the identification of plasma
biomarkers, which through a less invasive procedure may prove useful in the routine
clinical practice.

2. Materials and Methods

This systematic review was conducted following the PRISMA statement. We screened
PubMed and Medline search engines for articles published during the last 15 years, to-
gether with references from the included studies. The research consisted of the following
term combinations: “dementia” OR “frontotemporal” OR “FTD” OR “Alzheimer” OR
“neurodegeneration” AND “p-tau” OR “phosphotau” OR “progranulin” OR “biomarker”
OR “plasma biomarker” OR “blood biomarker” OR “serum biomarker”, and yielded 12,805
results. Only clinical studies, clinical trials and randomized controlled trials were included
in the research, narrowing the results down to 604. Animal trials were excluded.

Separately, we searched for the terms “frontotemporal dementia”, “progranulin” and
“phospho-Tau”. All types of articles of the last 10 years were deemed eligible for inclusion.

2.1. Inclusion Criteria

We included studies that measured blood biomarkers in patients with FTD compared
to patients with AD or mild cognitive impairment or any other type of dementia as well
as control groups. Studies measuring biomarkers in family members of FTD patients also
fulfilled the inclusion criteria. Furthermore, studies which compared blood biomarkers
to CSF biomarkers in patients with FTD were also eligible for inclusion. The purpose of
this study was to investigate biomarkers that may be useful in everyday clinical practice.
Therefore, emphasis has been given to proteinaceous molecules. Other potential biomarkers
are mentioned, but not thoroughly investigated.

2.2. Exclusion Criteria

We excluded reviews, case reports and animal trials.

2.3. Analysis

From the initial research of 604 results, 25 studies met the inclusion criteria. Addi-
tionally, 18 more articles, found as references from the included studies, were used in the
qualitative synthesis of the review (Figure 1). From the articles included in the qualita-
tive synthesis, 12 studies referred to progranulin, 2 studies referred to phosphorylated
Tau(p-Tau), 4 studies referred to plasma Tau, 5 studies referred to neurofilament light chain
protein (NfL), 2 studies referred to transactive response DNA binding protein 43 (TDP-43),
and 3 studies referred to glial fibrillary acidic protein (GFAP).
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Figure 1. Flow diagram of collecting and evaluating research used in this review.

3. Statistical Analysis

Meta-analysis was performed following the random effects model with DerSimonian–
Laird method, as performed by the RevMan software [7]. Although T2 and X2 were also
reported, I2 was the most important measure of heterogeneity (low < 25%, moderate 25–
75%, high > 75%). For publication bias, a funnel plot was created (Trim and Fill method),
and Egger’s regression was performed by Meta-Essentials 1.5 (2020) [8]. Sensitivity analyses
and subgroup analyses were also performed. When median and range were given, the
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mean and SD were calculated according to Hozo et al. 2005 [9]. However, when the median
and interquartile range were given, mean and SD were calculated according to Wan X et al.
2014 [10].

4. Results
4.1. Biomarkers in FTD

Fluid biomarkers in frontotemporal dementia are measured in CSF and blood (plasma
or serum). They can be used in differentiating FTD from Alzheimer’s disease (AD) or
even identifying presymptomatic patients of familial cases. In CSF, neuronally derived
molecules can be found at higher concentrations compared to blood. Blood, on the other
hand, has increasingly attracted interest as a more accessible fluid alternative. Apart from
diagnosis, blood biomarkers may be used as a screening tool for families of patients with
familial FTD or to assess the effectiveness of a potential treatment [11].

4.2. Blood-Based Biomarkers in FTD
4.2.1. Neurofilament Light Chain Protein (NfL)

Neurofilament light chain protein (NfL) has been measured in many studies as a CSF
biomarker of FTD cases [12], and has been correlated to disease severity [13] (Table 1).
Apart from CSF, NfL can be measured in serum with standard immunoassay format based
on the single-molecule array (Simoa) technique that allows quantification to concentrations
<1 pg/mL of the analyte [13].

Regarding studies measuring NfL in the different genotypes of FTD (GRN mutation,
MAPT mutation and C9orf72mutation), NfL levels in patient-carriers are elevated com-
pared to both the presymptomatic carriers and control groups [14]. Among the different
clinical subtypes of FTD, there is evidence that NfL levels are increased in patients with the
variant of motor neuron disease, and between PPA and bvFTD, patients with PPA have
elevated NfL levels compared to bvFTD patients [15].

Studies display higher blood NfL levels in FTD patients and a correlation between
serum levels of NfL and brain atrophy, suggesting longitudinal NfL measurements for
mutation carrier identification and for disease progression [16], and suggesting longitudinal
NfL measurements for mutation-carrier identification [17]. Another study relating plasma
NfL to diffusion tensor imaging (DTI) metrics in patients with FTD, and specifically the
bvFTD patients, displayed white matter involvement in FTD and provided further evidence
that serum NfL may reflect the brain neurodegeneration process [18].

Table 1. Studies measuring Neurofilament light chain protein (NfL) levels.

Frontotemporal
Dementia (FTD)

Patients

Alzheimer’s Disease
(AD) Patients Control Group

[16]
median (IQR)

52 (24–69) pg/mL
(n = 59) - 8 pg/mL (6–11)

(n = 127)

[17]
(mean ± SD)

77.9 ± 51.3 pg/mL
(n = 67) - 19.6 ± 8.2 pg/mL

(n = 28)

[19]
median (IQR)

46.5 (19.4–103)
pg/mL
(n = 12)

38.6 (21.6–240)
pg/mL
(n = 20)

27.3 (0.7–210) pg/mL
(n = 44)

[20]
median (IQR)

47.2 (26.9–76.6)
pg/mL
(n = 41)

- 17.8 (7.7–30.7) pg/mL
(n = 46)

[21]
Median (IQR)

49.0 (35.2) pg/mL
(n = 74)

32.3 (15.8) pg/mL
(n = 26)

21.7 (20.6) pg/mL
(n = 15)
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4.2.2. Transactive Response DNA Binding Protein 43 (TDP-43)

Another biomarker that has been studied both in CSF and in blood is TDP-43. Cyto-
plasmic neuronal and glial inclusions of TDP-43 are commonly found in certain histological
forms of frontotemporal lobar degeneration (FTLD), known as FTLD-ubiquitinated (FTLD-
U), which are clinically expressed as FTD variants [22]. The existing studies measuring
blood levels of TDP-43 in FTD and AD reveal increased blood levels in FTD patients com-
pared to controls [23]. There is no specific evidence showing prevalence of TDP-43 levels in
FTD compared to AD patients, probably due to the observation that a number of patients
with AD have TDP-43 pathological changes within their brain [23]. A phosphorylated
form of TDP-43 in plasma has been detected in higher levels in FTD patients compared to
control groups, but data are still insufficient [24].

4.2.3. Glial Fibrillary Acidic Protein (GFAP)

Glial fibrillary acidic protein (GFAP) is a measure of astrogliosis and has been used
in many studies as a potential biomarker. Although the initial studies did not reveal
encouraging results, one study of plasma GFAP in FTD-gene variants revealed an in-
creased level of GFAP in GRN-mutation carriers than C9orf72 or MAPT mutations, and a
significantly higher concentration in the symptomatic GRN mutation carriers versus the
presymptomatic [25]. Among the clinical subtypes of FTD, a retrospective study measuring
GFAP concentration revealed elevated plasma GFAP levels in all different subgroups com-
pared to healthy controls, but no significant differences among the different subgroups [26].
Another multicentric study measuring both plasma and CSF biomarkers in late-onset and
presenile bvFTD patients also demonstrates increased plasma GFAP levels in all bvFTD
patients compared to controls, but without statistically important differences between the
two groups [27].

4.2.4. Plasma Tau

Plasma tau has been measured in many studies. Increased plasma total tau levels
may be linked with cognitive impairment, but it is not related to AD or FTD [28]. A study
including 176 participants, with different FTD variants, demonstrated increased plasma
tau levels in all clinical FTD subgroups, but in regard to the genetic subtypes only in MAPT
mutations [29].

4.2.5. Progranulin

Progranulin is a glycoprotein coded by the GRN gene, on the chromosome 17q21.
Among the most frequent genetic causes of FTD are the GRN mutations [30]. They are
responsible for 20% of familial cases. The most pathogenic variants in GRN are mutations
such as nonsense, frameshift, or splicing mutations, that cause haploinsufficiency leading
to reduced levels of progranulin [31]. Progranulin can be measured either in CSF or in
blood [32]. Many studies have measured plasma or serum progranulin, using ELISA
methods, in patients with FTD both in carriers and in non-carriers of GRN mutations, as
well as in presymptomatic carriers of GRN mutation and in control groups. Based on
the existing results, progranulin levels seem to be a useful in identifying GRN mutation
carriers from other mutation carriers such as C9orf72, according to a study performed in
2012 [33], or non-GRN mutation carriers (Table 2).

According to the literature, low levels of plasma progranulin can be used as an
accurate method to discriminate GRN carriers from control groups with a very high
sensitivity and specificity. Studies suggest different levels of blood progranulin as a cut-off
in discriminating GRN mutations, with a more recent study rising the threshold level to
71.0 ng/mL.

Plasma progranulin levels have a wide range both in control groups and patient
groups, leading to the question of whether other factors may contribute to regulating
progranulin levels. Some studies suggest gender being a modifying factor, which has not
been statistically proven. Age and body mass index do not influence plasma levels. On
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the other hand, autoimmune diseases, diabetes [34], cancer [35], autism [36], and several
genetic variants such as rs5848 polymorphism located on GRN gene, transmembrane
protein 106B (TMEM106B) and rs646776 polymorphism on sortilin (SORT1), have been
suggested to affect progranulin levels [37]. Different genotypes of the same polymorphisms
may also influence the progranulin levels. In particular, among the genotypes of rs5848
polymorphism, the TT genotype exhibits the lowest progranulin level followed by CT
genotype and the CC genotype, which exhibits the highest level [37], whereas in the
rs646776 polymorhism on SORT1, the CC genotype exhibits the lowest progranulin level
followed by the CT genotype and the TT genotype, which exhibits the highest level [32].

Table 2. Studies measuring progranulin levels.

GRN Mutations No GRN
Mutations Control Group Threshold

[38]
mean ± SD

68 ± 16 ng/mL
(n = 8)

220 ± 47 ng/mL
(n = 190)

228 ± 50 ng/mL
(n = 70) 112 ng/mL

[37]
mean 95%CI

50.5 (43.8–57.2)
ng/mL (n = 190)

187 (167–204)
ng/mL (n = 12)

195 (180–211)
ng/mL (n = 36) -

[30]
mean ± SD

61.6 ± 25.9
ng/mL (n = 6)

167.1 ± 51.8
ng/mL (n = 63) - 110.9 ng/mL

[39]
mean ± SD

14.9 ± 1.5
ng/mL (n = 7)

45.2 ± 13.7
ng/mL (n = 21)

44.1 ± 9.8
ng/mL (n = 62) 23.6 ng/mL

[40]
mean ± SD

47.7 ng/mL
(n = 1)

162.4 ± 69.4
ng/mL (n = 21)

137.6 ± 34.2
ng/mL (n = 17) -

[41]
mean ± SD

11.1 ± 5 ng/mL
(n = 10)

53.5 ± 14.6
ng/mL (n = 206)

53.7 ± 13.7
ng/mL (n = 161) 22 ng/mL

[42]
median (range)

8 (5.2–11.3)
ng/mL (n = 29) - 28.5 (21.5–39.2)

ng/mL (n = 35) -

[43]
mean ± SD

33.6 ± 18.5
ng/mL (n = 8)

142.4 ± 72.1
ng/mL (n = 20) - -

[44]
mean ± SD

30.5 ± 13 ng/mL
(n = 19)

99.6 ± 24.8
ng/mL (n = 77) - 61.55 ng/mL

[45]
median (IQR)

48 (39–63)
ng/mL (n = 9)

107 (91–125)
ng/mL (n = 19)

130 (101–175)
ng/mL (n = 20) 75.3 ng/mL

[46]
mean (range)

66.4 (23–85.1)
ng/mL (n = 8) - 181.6 (101.1–266)

ng/mL (n = 20) 93.1 ng/mL

[47]
25th–75th
percentiles

36 (29–44)
ng/mL (n = 129) - 122 (101–158)

ng/mL (n = 133) 71 ng/ml

4.2.6. p-Tau

The differential diagnosis of FTD compared to AD has been based on the CSF biomark-
ers of Aβ42, total tau and p-Tau. In an effort to make biomarkers more accessible for
clinical practice, apart from plasma total tau, blood p-Tau has also been studied in cog-
nitive impaired patients (Table 3). Phosphorylated tau at threonine 181 (p-Tau181) has
been measured in patients with cognitive impairment. Evidence shows that p-Tau181 is
elevated in AD dementia compared to cognitive impaired patients (including different
types of dementia) [48], making it a possible biomarker for differentiation between AD and
FTD. A retrospective study published in 2020, including 404 participants, revealed that
median plasma pTau181 concentrations were elevated in patients with AD compared to
patients with FTLD [49]. In addition, pTau181 levels were associated with Aβ-PET and
CSF pTau181, regardless of the diagnosis [49]. The difference in the levels of p-Tau181
between AD and FTD patients was also supported by another study that evaluated patients
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from two independent cohorts [50]. p-Tau181 levels do not have any correlation with age
or gender. There are limited number of studies comparing p-Tau181 between AD and
FTD. Apart from p-Tau181, p-Tau217 has also been investigated both in CSF [51] and in
plasma [52]. From these findings, plasma p-Tau217 differentiated AD from FTD and other
neurodegenerative diseases, and may show higher accuracy than p-Tau181.

Table 3. Studies measuring p-Tau.

FTD Patients AD Patients Control Group

[50]
Triad cohort
(mean ± SD)

6.9 ± 2.1 pg/mL
(n = 8)

24.9 ± 7.8 pg/mL
(n = 33)

10 ± 3.3 pg/mL
(n = 113)

[50]
BIOFINDER-2Cohort
(mean ± SD)

11.2 ± 7.4 pg/mL
(n = 18)

19.2 ± 9.4 pg/mL
(n = 126)

9.4 ± 6 pg/mL
(n = 337)

[49]
(mean ± SD)

FTLD-tau: 3.4 ± 3
pg/Ml (n = 53)

7.5 ± 8 pg/mL
(n = 15)

2.0 ± 2 pg/mL
(n = 44)

[49]
(mean ± SD)

FTLD-TDP:2.1 ± 2
pg/mL (n = 15)

7.5 ± 8 pg/mL
(n = 15)

2.0 ± 2 pg/mL
(n = 44)

4.2.7. Other Possible Biomarkers

Other molecules that have been investigated as possible biomarkers include cytokines
and chemokines, synaptic markers, and micro-RNA. Proinflammatory interleukins (ILs),
such as IL-6 in plasma [41], IL-8 [53] or IL-15 in CSF, interferon gamma-induced protein
10 (IP-10) and tumor necrosis factor family cytokines (TNF-α) are some of the cytokines
and chemokines that have already been measured in FTD patients [53]. A great number
of studies have focused on micro-RNAs (mRNAs) in FTD, with their results showing
a potential use of mRNAs both as a diagnostic tool and as a staging tool of FTD [54].
Additionally, synaptic markers such as synaptosomal-associated protein, 25 kDa (SNAP-25)
and synaptotagmin [55], and neurotransmitters such as dopamine (DA) and its metabolite
3,4-dihydroxyphenylacetic acid (DOPAC), have also been investigated [56].

4.2.8. Meta-Analysis

As already mentioned, the purpose of this study was to investigate biomarkers that
may be useful in everyday clinical practice. For this reason, our meta-analysis focused
on biomarkers that could be used as a differential tool of FTD vs. AD, or among genetic
FTD subtypes. Therefore, only the studies of progranulin and p-Tau were processed with
statistical analysis. Data from the existing studies of the other biomarkers did not fulfill
our purpose.

Furthermore, meta-analysis was conducted for studies regarding plasma progranulin
levels in carriers of GRN mutations vs. FTD with no GRN mutation or controls. Only
one study containing familial cases was included [40]. Through our meta-analysis, 1568
subjects were included, 423 of which were GRN mutation carriers, whereas 608 were
non-carriers of GRN mutations, and 537 were controls. The random effects model was
used, indicating that patients with GRN mutation had significantly lower levels of plasma
progranulin as compared to FTD (Figure 2a). Significant heterogeneity of the studies
was detected (I2 = 0.81), although all studies agreed that GRN mutations resulted in
lower levels of plasma progranulin. Most of the studies measured progranulin by ELISA
kits provided by Adipogen Inc (Seoul, South Korea) [30,37,38,40,43,45–47]. Sensitivity
analysis revealed that the removal of studies using ELISA provided by R&D systems
(Mineapolis USA) [39,44] and BioVendor (BioVendor (Brno, Czech Republic) [42], did not
reduce heterogeneity. However, subgroup analysis revealed that when GRN mutation
carriers were compared with no GRN mutations, heterogeneity was reduced to moderate,
non-significant levels, while comparison with controls resulted in a very high heterogeneity.
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Testing for publication bias showed that three studies fell out of the funnel (Figure 2b);
however, Egger’s test resulted in a nonsignificant result (p = 0.373).
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Meta-analysis was also conducted for studies regarding plasma p-Tau levels in AD vs.
FTD. The total number of subjects included was 283 (four studies, FTD = 94, AD = 189).
The random effects model was used, indicating that patients with AD have significantly
higher levels of p-Tau181 as compared to FTD (Figure 3a). Moderate heterogeneity of
the studies was detected (I2 = 0.68), although all studies agreed that AD showed higher
p-Tau181 levels as compared to FTD. Sensitivity analysis showed that removal of the fourth
study (triad cohort, different population [50]), also resulted in a significant overall effect,
but with no heterogeneity (Figure 3b). No significant publication bias was observed, by
visual inspection of the funnel plot of all four studies (Figure 3c). Egger’s test was not
meaningful because few studies were included (fewer than 10).
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Figure 3. Meta-analysis (using the random effects model with DerSimonian–Laird method) of studies measuring p-Tau for
all studies included (a) and after removal of the fourth study (triad cohort [50]) (b). In the forest plot, the right side favors
higher levels of p-Tau in AD, while the left side favors higher values in FTD. Effect sizes are represented as green squares
with 95% confidence intervals. In the summary row, the weighted average effect (or “combined” effect size) is represented
as a diamond. (c) Funnel plot of all four studies (all studies are located within the “funnel”) [49,50].
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5. Discussion

A number of studies show promising results in using blood biomarkers for the (differ-
ential) diagnostic workup of patients with FTD in everyday practice. As a result, it is worth
exploring whether these biomarkers could be utilized in the treatment decision process.

As already mentioned, NfL levels have been correlated to disease severity and brain
atrophy. Monitoring NfL levels in patients with FTD as the disease progresses as well
as comparing NfL levels among FTD patients of different stages may lead to the future
recognition of NfL as a useful biomarker not only for the differential process of FTD but
also for the disease intensity.

TDP-43 has also been suggested as a potential biomarker for the discrimination of
patients with FTD or AD with TDP-43 pathology from those without TDP-43 pathology,
but the existing evidence is insufficient. Measuring blood TDP-43 may not be useful
in differentiating different types of dementia but may become valuable if TDP-43-based
treatments become available.

In addition, GFAP seems to be a potential biomarker of FTD patients, especially
for GRN mutation carriers. Given the fact that the symptomatic GRN mutation carriers
have higher concentration levels versus presymptomatic patients, GFAP could provide a
prognostic tool to symptom onset.

Progranulin levels in blood have been assessed in patients with FTD carrying the GRN
mutations, patients with FTD without GRN mutations, and in control groups. Furthermore,
progranulin levels in GRN mutation carriers are significantly lower compared to both non-
carriers and the control group, making progranulin a useful biomarker in discriminating
GRN mutation carriers. There is also much evidence that this protein could be used instead
of molecular genetic analysis to discriminate GRN carriers from non-carriers in families
with FTD patients.

Different cut-off levels are proposed from the studies, with the most recent proposing
a threshold of 71ng/mL. Although there are studies displaying indications about gender
influence on the progranulin level, this has not been statistically supported.

From the current studies, patients with AD have increased p-Tau levels compared
to both the FTD patients and the control group. Comparing subjects with cognitive
impairment—both FTD and AD groups—to control groups, a weak correlation of cognitive
impairment to p-Tau levels was observed. Moreover, mean values of p-Tau were higher
in the cognitive-impaired groups compared to control groups, but among the cognitive
impaired subjects only AD patients had significantly higher p-Tau levels. This evidence
suggests that p-Tau could be a useful tool in differentiating FTD from AD. p-Tau217 may
have higher accuracy than p-Tau181, but more research needs to be conducted.

6. Conclusions

There is a great variety of blood biomarkers studied in FTD, some more promising
than others. The future in biomarkers is finding sensitive molecules that will differentiate
the FTD variants, predict disease intensity, or even assist the treatment choice. More trials
with larger sample collection are yet to be performed in order to fulfill this purpose.
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