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The role of neurofilament light in genetic 
frontotemporal lobar degeneration

Henrik Zetterberg,1,2,3,4 Charlotte Teunissen,5 John van Swieten,6 Jens Kuhle,7 

Adam Boxer,8 Jonathan D. Rohrer,9 Laura Mitic,8,10 Alexandra M. Nicholson,10,11 

Rodney Pearlman,10 Stella Mayo McCaughey12 and Nadine Tatton12 on behalf of the 
Neurofilament Task Force Participants

Genetic frontotemporal lobar degeneration caused by autosomal dominant gene mutations provides an opportunity for targeted drug 
development in a highly complex and clinically heterogeneous dementia. These neurodegenerative disorders can affect adults in their 
middle years, progress quickly relative to other dementias, are uniformly fatal and have no approved disease-modifying treatments. 
Frontotemporal dementia, caused by mutations in the GRN gene which encodes the protein progranulin, is an active area of interven
tional drug trials that are testing multiple strategies to restore progranulin protein deficiency. These and other trials are also examining 
neurofilament light as a potential biomarker of disease activity and disease progression and as a therapeutic endpoint based on the 
assumption that cerebrospinal fluid and blood neurofilament light levels are a surrogate for neuroaxonal damage. Reports from gen
etic frontotemporal dementia longitudinal studies indicate that elevated concentrations of blood neurofilament light reflect disease 
severity and are associated with faster brain atrophy. To better inform patient stratification and treatment response in current and 
upcoming clinical trials, a more nuanced interpretation of neurofilament light as a biomarker of neurodegeneration is now required, 
one that takes into account its relationship to other pathophysiological and topographic biomarkers of disease progression from early 
presymptomatic to later clinically symptomatic stages.
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Abbreviations: ALLFTD = advancing research and treatment for frontotemporal lobar degeneration/longitudinal evaluation of 
familial frontotemporal dementia subjects; ALS = amyotrophic lateral sclerosis; ARC = annualized rate of change; bvFTD = 
behavioural variant frontotemporal dementia; C9orf72 = chromosome 9 open reading frame 72 gene; FDA = US Food and Drug 
Administration; FTD = frontotemporal dementia; FTD-C9orf72 = frontotemporal dementia caused by the C9orf72 gene mutation; 
FTD-GRN = frontotemporal dementia caused by the progranulin gene mutation; FTLD = frontotemporal lobar degeneration; 
GENFI = genetic frontotemporal dementia initiative; GM = grey matter; GRN = granulin gene; m = messenger; MAPT = 
microtubule-associated protein tau gene; MD = mean diffusivity; NEFL = neurofilament light gene; NF = neurofilament; NFH = 
neurofilament heavy; NfL = neurofilament light; NFM = neurofilament medium; sAPPβ=soluble peptide amyloid precursor protein 
beta; TDP43 = transactive response DNA-binding protein 43; WM = white matter

Graphical Abstract

Introduction
This review is the synthesis of a meeting convened by Alector, 
Inc., and the Bluefield Project to Cure Frontotemporal 

Dementia in December 2020. Key opinion leaders from aca
demia with expertise in genetic frontotemporal dementia 
(FTD), multiple sclerosis, biomarkers and drug development, 
and the use of neurofilament light (NfL) as a biomarker in 

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023



NfL in genetic FTLD trials                                                                                              BRAIN COMMUNICATIONS 2022: Page 3 of 12 | 3

neurodegenerative diseases were invited speakers. Meeting at
tendees (list provided in manuscript addendum) represented 
various companies in addition to clinical and basic scientists 
with interest in biomarkers and drug development for neuro
logical diseases.

Frontotemporal lobar degeneration (FTLD) underlies a 
group of clinically, genetically and pathologically diverse 
clinical syndromes involving proteinopathies that are asso
ciated with dysfunction of the frontotemporal networks. 
FTD refers to canonical presentations of FTLD at the symp
tomatic (dementia) stage. The clinical syndromes are often, 
but not always, associated with a progressive neurodegen
erative pathology; however, prediction of the underlying 
pathology based on clinical presentation is problematic. 
These disorders are challenging to diagnose, particularly in 
the preclinical stage through advancement to the prodromal 
stage. Optimally, disease-modifying treatments should be 
tested at these earlier stages, while judgment is preserved, 
and individuals still retain their independence. Ideally, fluid 
and imaging biomarkers could provide information on the 
start of pathological changes, but in sporadic FTLD, biomar
kers are currently used to support a diagnosis based on estab
lished clinical consensus criteria. In cases where there is a 
suggestive family history, an estimate of years to disease on
set may be feasible, and genetic testing can be done to reveal a 
causal mutation to support the diagnosis. Fluid and imaging 
markers could then be employed to determine the sequence 
of events contributing to disease pathobiology and their cor
relation with clinical progression.1

Autosomal dominant mutations in the progranulin 
(GRN), chromosome 9 open reading frame 72 (C9orf72) 
and microtubule associated protein tau (MAPT) genes are re
cognized as the major causes of the highly heritable forms of 
genetic FTLD. It is estimated that these three genes are re
sponsible for approximately half of familial FTD cases and 
approximately 10–30% of all FTD cases, whereas the re
mainder is considered sporadic.2 FTLD is pathologically as
sociated primarily with either misfolded transactive response 
(TAR) DNA-binding protein 43 (TDP43) or misfolded tau 
protein aggregates in neurons. Longitudinal data from the 
Genetic FTD Initiative (GENFI; www.genfi.org) and 
Advancing Research and Treatment for Frontotemporal 
Lobar Degeneration/Longitudinal Evaluation of Familial 
FrontoTemporal Dementia Subjects (ALLFTD; www. 
allftd.org) networks,3,4 as well as a network of French amyo
trophic lateral sclerosis (ALS) and FTD clinics,5 suggest that 
NfL may be a valuable blood-based biomarker, reporting 
that NfL baseline levels and rate of change with disease pro
gression differ among the FTLD gene mutation subtypes as 
compared with healthy controls.

Several clinical trials testing experimental, potentially 
disease-modifying treatments are underway for FTD caused 
by the progranulin gene mutation (FTD-GRN), employing 
unique strategies to restore progranulin levels, including a 
monoclonal antibody trial to block the progranulin/sortilin 
pathway (NCT04374136), two separate gene therapy trials 
using adeno-associated viral vectors (NCT04408625; 

NCT04747431), and a protein replacement therapy trial 
(NCT05262023). Interventional trials for FTD caused by 
the C9orf72 gene expansion (FTD-C9orf72) have also begun 
and include a novel antisense oligonucleotide trial 
(NCT04931862) and a monoclonal antibody trial 
(NCT03987295). Both FTD-GRN and FTD-C9orf72 are 
characterized by a TDP43 proteinopathy. TDP43 is an 
RNA/DNA-binding protein involved in RNA metabolism 
that can aggregate in neuronal and glial cell cytoplasm.6 It 
is assumed that increases in blood NfL levels may signal an 
undesirable change based on its steady increase with aging, 
as well as its elevation in acute injury and chronic neurologic
al diseases when compared with healthy control popula
tions.7,8 Interpretation of short-term changes in absolute 
levels of blood-based NfL in healthy populations and clinical 
trials of disease-modifying therapies for FTLD disorders is 
an emerging need. Longitudinal NfL dynamics relative to 
the time course of structural changes in FTLD to improve 
our comprehension of advancing neurodegeneration 
through the presymptomatic, proximity to conversion (pro
dromal), and clinically symptomatic stages of genetic FTLD 
are also needed, in addition to other pathophysiological mar
kers. Additionally, a better understanding is required of NfL 
dynamics and turnover (e.g. the potential role of microglia in 
NfL clearance) and the relationship between NfL and co
morbidities such as subclinical brain injuries, cardiovascular 
events, diabetes, and prescribed medication use, which can 
all increase blood-based NfL levels.9,10

Axonal damage after acute 
injury and in chronic 
neurodegenerative disease
Neurofilaments (NFs) are class IV intermediate filaments 
composed of three subunits of different molecular sizes: 
68 kDa NfL, 160 kDa neurofilament medium (NFM), and 
200 kDa neurofilament heavy (NFH), combined with 
α-internexin as the fourth subunit in CNS axons, and func
tion as one of the cytoskeletal elements of neurons.11 NFs 
are released into the extracellular space following axonal in
jury and have been hypothesized to act as surrogate markers 
of neurodegeneration. Release of NFs, particularly NfL and 
NFH, into the CSF, and eventually the bloodstream is 
proposed to occur after axotomy and secondary axonal in
jury.11,12 Some adult animal models show NfL accumulation 
before NFM and NFH, indicating an organized, temporal 
sequence of events postinjury.13 Case studies in athletes 
have demonstrated that elevated NfL levels can persist at 
least 30 weeks in the CSF following some acute injuries,14,15

arguing that absolute NfL levels, as well as duration of eleva
tion, may reflect continuous axonal injury. An examination 
of acute, mild traumatic brain injury cases suggests that the 
delayed peak in plasma NfL levels after injury may reflect on
going secondary injury or repair mechanisms.16

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023

https://www.genfi.org
https://www.allftd.org
https://www.allftd.org


4 | BRAIN COMMUNICATIONS 2022: Page 4 of 12                                                                                                        H. Zetterberg et al.

Post-mortem studies in ALS revealed that degenerating 
neurons had a 70% decrease in NfL mRNA, as well as de
creases in α-internexin and peripherin.17 TDP43, the pathog
nomonic intracellular protein aggregate common to ALS 
(C9orf72) and FTD (C9orf72, GRN), is able to bind and de
stabilize, or sequester, neurofilament light gene (NEFL) 
mRNA by direct interaction with the three prime untrans
lated region.18,19 This has implications for altered RNA pro
cessing in ALS, which can ultimately impact NfL protein 
synthesis, stoichiometry, and aggregation.20 Pathology stud
ies have elucidated the trajectory of nerve cell degeneration 
in chronic neurodegenerative diseases, whereby misfolded 
proteins like TDP43 spread through a disease-specific neural 
connectome and aggregate in distinct neuronal populations, 
ultimately resulting in functional deficits and death.21 It is 
not known whether specific messenger RNA-binding 
proteins that normally regulate NEFL RNA processing, 
trafficking, and local protein synthesis within axons and den
drites play an active role in chronic neurodegenerative dis
eases or secondary axonal injury.22 Animal models have 
demonstrated that the specialized transcriptome in axons al
lows them to quickly alter the axonal proteome via local 
translation and protein degradation.23–25 This capacity for 
local translation in axons can provide cells with the ability 
to respond to external cues that impact axon elongation, syn
aptic function, and maintenance during development and 
adulthood.26,27

NfL as a biomarker of disease 
progression and drug efficacy 
in multiple sclerosis
Our most comprehensive understanding to date of how NfL 
may be implemented as a disease activity/progression marker 
and disease treatment efficacy marker comes from multiple 
sclerosis studies. Multiple sclerosis has a strong neuroaxonal 
injury component, which is the likely substrate of the ob
served clinical disability. The neuropathology includes axon
al bulbs, transection, and demyelination of the axon,28 with 
acute axonal degeneration appearing early in the disease 
course and most prominently within the first year after 
disease onset.29 Chronic spinal plaques in multiple sclerosis 
reflect 58–68% axonal loss.30 Although several anti- 
inflammatory treatments are available for relapsing multiple 
sclerosis, there is a struggle to understand if treatments sup
press subclinical, ‘benign’ multiple sclerosis.31 A precision 
medicine approach would be preferred to treat individuals, 
incorporating biomarkers as well as companion treatments 
that would lead to a demonstrable halt or slowed rate of neu
rodegeneration. Patients with progressive or relapsing mul
tiple sclerosis show higher serum NfL levels than healthy 
controls, and the correlation is strong between CSF and ser
um NfL, with disease-modifying treatments demonstrating 
similar effect on NfL in both fluids.32 Recent trials in pro
gressive multiple sclerosis also demonstrate that increased 

NfL levels are associated with ongoing disease activity, as 
well as long-term outcome.33 A multisite, longitudinal study 
involving >10 000 serum samples from >5000 participants 
without evidence of CNS disease spanning over six decades 
of life is underway in an effort to generate age-adjusted ref
erence values for NfL.34 When compared with reliable, 
age-adjusted reference values, blood-based NfL may be con
sidered a first-in-class biomarker for multiple sclerosis dis
ease activity with prognostic value,35 and some hope for a 
potential clinical application. Short-term neuroprotective 
studies using area under the curve analysis of serum NfL le
vels as an outcome for screening effective neuroprotective 
drugs for late phase 3 clinical development may prove a valu
able concept. A Letter of Support was granted to the 
International Progressive multiple sclerosis Alliance 
(https://www.progressivemsalliance.org/) by the US Food 
and Drug Administration (FDA; https://www.fda.gov/ 
media/149608/download) in June 2021 to encourage further 
study and use of NfL in plasma or serum as a pharmacody
namic/response biomarker for early clinical trials in progres
sive multiple sclerosis.

Multidecade and individual 
variability of NfL over time in 
aging and dementia cohorts
Data collected every five years in the 30-year Betula study in 
Sweden reported that age-related changes in plasma NfL le
vels (measured by Simoa) are linked to brain white matter 
(WM) alterations using T1- and T2-weighted images.36

Alzheimer’s disease cases showed elevated levels compared 
with controls, but no significant differences from the preclin
ical phase. NfL did not predict age-related cognitive impair
ment or impending Alzheimer’s disease. By contrast, the 
Dominantly Inherited Alzheimer Network modelled that ser
um NfL was elevated in the presymptomatic stages of famil
ial Alzheimer’s disease; specifically, longitudinal, 
within-person analysis showed that the rate of change of 
NfL discriminated mutation carriers from non-mutation car
riers almost 10 years earlier than cross-sectional, absolute 
NfL levels.37

The single-site Austrian Stroke Prevention Study moni
tored a cohort of 335 adults with no obvious neurological 
disorder ranging in age from approximately 38 to 85 years 
over an approximately six-year period for serum NfL 
changes using a single-molecule array (Simoa assay) with 
UmanDiagnostics anti-core domain antibodies.38 Although 
median NfL levels were relatively similar among individuals 
in the fourth and fifth decades of this normal aging cohort, 
NfL rose non-linearly and demonstrated more variability 
in participants aged 60 and older. These data support the hy
pothesis that NfL increases with age, and those age-related 
degenerative processes may also contribute to NfL increase 
in the absence of overt clinical symptoms. Subclinical brain 
pathology with volume loss was supported by longitudinal 
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and cross-sectional T1-weighted MRI of brain volume in 
participants and showed a close correlation with serum 
NfL levels.

A survey of the Alzheimer Center Amsterdam clinics re
vealed that clinicians perceive serum NfL to be more useful 
in patients younger than 60 years to confirm or exclude neu
rodegenerative disease versus a psychiatric diagnosis.39

As a result, NfL measures are now being requested 
to support an FTD diagnosis in this age group. A Shiny 
app has been developed to provide a quick comparison 
between disease readout and age-dependent reference values 
(https://networkinstitute.org/2020/11/23/neurofilament-light- 
application-online).

Across sporadic and genetic FTD, CSF NfL levels are high
er compared to patients with Alzheimer’s disease or con
trols.7,8,40 Serum NfL levels follow a similar pattern to 
CSF, with FTD-GRN reported as higher on average 
(61.5 pg/ml) compared with FTD-C9orf72 (33.9 pg/ml). 
However, variation can be considerable in absolute blood 
NfL levels within all genetic FTD groups, as well as in control 
subjects. On occasion, non-carriers may have a higher base
line serum NfL than a presymptomatic or symptomatic car
rier. As higher NfL levels decrease to normal in these few 
cases, repeated measurements over time may help to inter
pret these outliers.41 In the short term, examining cohorts 
for variations between consecutive measurements of blood 
NfL levels will be valuable to understand what constitutes 
a clinically meaningful variation in untreated patients, pa
tients undergoing treatment as part of their clinical care 
and management, and participants in clinical trials. One 
such study analyzed serum NfL at baseline and at six-month 
follow-up using the Simoa NF-Light kit in neurologically 
healthy controls, untreated relapsing multiple sclerosis, and 
secondary and primary progressive multiple sclerosis.42

Elevation of NfL in healthy controls was positively asso
ciated with increased age, and at follow-up, NfL was ele
vated compared with baseline. Baseline NfL was elevated 
in multiple sclerosis compared with healthy controls but 
was lower at follow-up in both treated and untreated relaps
ing multiple sclerosis. The authors concluded that variations 
between two consecutive measurements within individuals 
occur to a similar extent in healthy controls and subjects 
with multiple sclerosis.

Brain structural changes, 
NfL, and cognition in 
Alzheimer’s disease 
dementia
There is a need to better understand NfL regulation in health 
and disease, particularly the relationship between NfL and 
cognitive decline, to support recommendations for the use 
of NfL as a surrogate biomarker in FTLD clinical trials. A 
scoping review of neurological disease literature revealed 

that higher levels of NfL (CSF, plasma, or serum) were gen
erally associated with decreased cognition.43 However, in
consistencies in the relationship between elevated NfL and 
declining Mini-Mental State Examination performance 
were found within and across Alzheimer’s disease and other 
dementias. There may be dynamic relationships among cog
nitive performance, structural changes in the cortex and NfL 
levels obtained from blood and CSF, which may vary over 
the course of different dementias. There is evidence to sug
gest that mean diffusivity (MD) can evaluate changes in 
grey matter (GM) at a microscopic level, reflecting neuronal 
loss and the breakdown of myelin, cell membranes, and or
ganelles, which results in a measurable difference in the dif
fusion of water molecules. MD, a metric of diffusion 
weighted imaging, assesses diffusion in all directions and is 
therefore uniquely suited to measuring microstructural 
change in GM.44 Two studies that examined cortical thick
ness and cortical MD in autosomal dominant Alzheimer’s 
disease reported a biphasic trajectory of macro- and micro
structural changes.45,46 A close association was found be
tween increasing MD and decreasing cortical thickness, 
suggesting that MD as a marker of microlevel cortical integ
rity may be part of the same disease pathology continuum as 
macrolevel neurodegeneration.45 Importantly, increased 
cortical thickness and decreased cortical MD were observed 
about 15–20 years prior to estimated symptom onset, fol
lowed by cortical thinning and increased cortical MD in later 
prodromal and symptomatic stages of autosomal dominant 
Alzheimer’s disease.46 In a separate study, NfL in the CSF 
was measured in 221 participants of the Australian 
Imaging, Biomarkers & Lifestyle Flagship Study of Ageing 
and was found to be significantly elevated in Alzheimer’s dis
ease compared to healthy controls. Further, NfL levels pre
dicted baseline cognition and cortical GM volume and 
were significantly correlated with tau pathology assessed 
by CSF total-tau and phosphorylated-tau.47

Neurodegeneration 
associated with FTD-GRN 
and FTD-C9orf72
Mutations in the GRN gene produce haploinsufficiency, re
sulting in an approximately 50% decrease in progranulin 
protein levels and, ultimately, aggregation of misfolded 
TDP43 protein in vulnerable neurons. Blood progranulin le
vels are significantly reduced in pathogenic GRN mutation 
carriers compared with non-mutation carrier family mem
bers from childhood through adulthood in presymptomatic 
FTD-GRN. Thus, blood progranulin level provides a sensi
tive diagnostic biomarker, but does not appear to have a dir
ect correlation with progressive brain atrophy.48

Age of onset is highly variable in FTD-GRN, ranging from 
25 to 90 years, with a mean age of symptom onset of 61 ± 8.8 
years and a mean disease duration of 7.1 years (n = 548).49

GRN mutations appear to be nearly 100% penetrant by 
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80 years of age.50 WM hyperintensities have been associated 
with FTD-GRN51,52 but not with FTD-C9orf72. 
Neuropathological findings suggest that these WM hyperin
tensities are associated with microglial activation and micro
glial dystrophy.53 GM atrophy and hypometabolism have 
been reported about 10–15 years prior to clinical symptom 
onset.54–57

FTD-C9orf72 is the most common genetic form of FTD in 
North America and Europe, responsible for approximately 
13% of all FTD cases and approximately 11% of all ALS 
(ALS-C9orf72) cases; it can also cause a combination of 
ALS and FTD.58 FTD-C9orf72 results from a hexanucleo
tide repeat expansion within the C9orf72 gene, and there is 
compelling evidence to support several different mechanisms 
that cause this repeat to result in TDP43 neuropathology and 
degeneration. Symptom onset can range from 20 to 90 years 
of age and the mean age of onset of FTD-C9orf72 is 58.2 ± 
9.8 years, with a mean disease duration of 6.4 years (n = 
618).49 The pathogenic expansion is almost fully penetrant 
by 80 years of age.59 Brain atrophy in FTD-C9orf72 carriers 
occurs earlier than in other mutation groups, appearing be
fore age 40 and potentially 25 years before clinical 
symptoms.60

Structural imaging studies have demonstrated cortical 
thinning in presymptomatic FTD-GRN carriers compared 
with non-carriers.61,62 A recent study comparing GRN car
riers and non-carriers reported age-related cortical thinning 
in both groups but with significantly greater thinning in the 
presymptomatic GRN carriers.63 Presymptomatic C9orf72 
carriers also demonstrated greater cortical thinning com
pared with controls.64 NfL has been considered to reflect 
WM changes, as NFs are primarily found in axons.65,66

Longitudinal GM and WM changes were analyzed in pre
symptomatic GRN and C9orf72 carriers in GENFI cohorts 
over 2 years, and although C9orf72 carriers showed lower 
GM volume in the cerebellum and insula and WM differ
ences in the anterior thalamic radiation compared with 
non-carriers, presymptomatic GRN carriers did not show 
presymptomatic GM or WM degeneration.67 Of interest is 
a study that used diffusion tensor imaging to provide evi
dence of a correlation between plasma NfL in behavioural 
variant FTD (bvFTD) and WM changes.68 Although it was 
a small study of 20 subjects, a reduction in fractional anisot
ropy was associated with increased plasma NfL concentra
tion, an elevated CDR® plus NACC FTLD score, and a 
global level of degeneration in WM tracts that included the 
superior longitudinal fasciculus, the fronto-occipital fascic
ulus, the anterior thalamic radiation, and the dorsal cingu
lum bundle.

Cortical macrostructural changes, as measured by voxel- 
based morphometry or cortical thickness with surface-based 
analysis, have been the standard for neuroimaging in FTD. 
However, a recent multicentre study examined cortical 
MD and cortical thickness in a bvFTD cohort that included 
possible and probable bvFTD subgroups. In the whole 
bvFTD group, cortical MD and cortical thickness correlated 
with the CDR® plus NACC FTLD; but in the possible 

bvFTD group, only cortical MD correlated with the CDR 
rating scale, suggesting that cortical MD may be a more sen
sitive biomarker for microstructural neurodegenerative 
changes that can occur earlier than macrostructural changes 
in disease trajectory. Only minimal cortical thinning was 
found in the possible bvFTD subgroup compared to con
trols. In the whole bvFTD group, cortical thickness and cor
tical MD both correlated with measures of disease severity 
and CSF biomarkers, but the areas of correlation with cor
tical MD were more extensive. CSF soluble peptide amyloid 
precursor protein beta (sAPPβ), CSF NfL, and CDR mea
sures had a more widespread correlation with cortical MD 
than cortical thickness.69 Cortical MD was also found to 
be increased in mild primary progressive aphasia with 
GRN mutation, while only minimal cortical thinning was 
observed. Together, these data suggest that cortical MD 
may be more sensitive than cortical thickness in the detection 
of the earliest neurodegenerative changes in FTLD and that a 
biphasic trajectory of neurodegeneration should be 
considered.70

Data from the GENFI network revealed a relationship be
tween NfL and executive function, rather than cognitive per
formance, in FTD.71 And a recent case-control study 
supports a relationship between elevated CSF NfL in FTLD 
with known TDP43 pathology and a longitudinal decline 
in specific executive and language measures compared with 
controls. Further, it was shown that patients with 
FTLD-TDP pathology had significantly greater CSF NfL 
than those with FTLD-tau pathology.72 Longitudinal studies 
of genetic FTLD that include pathophysiological markers 
(such as NfL in CSF and blood) combined with topographic
al markers of neurodegeneration are needed to better under
stand the relationship between NfL and FTLD. In particular, 
examination of presymptomatic, prodromal, and symptom
atic gene mutation carriers could indicate the presence of a 
biphasic trajectory of neurodegenerative change in FTLD, in
form on absolute cutoffs between stages, and reveal potential 
differences in disease trajectory across the different auto
somal dominant gene mutations. Longitudinal studies could 
also provide insight into the dynamic relationship between 
NfL and other biomarkers, their correlation with clinical sta
tus, and what combinations of biomarkers might improve 
the prognostic value of NfL over the course of these complex, 
highly heterogeneous FTLD disorders.

NfL rate of change 
in FTD-GRN versus 
FTD-C9orf72
In the GENFI and ALLFTD cohorts, the conversion (pro
dromal) period from clinically presymptomatic to symptom
atic status is accompanied by the highest rate of change in 
serum NfL levels at any time during the disease, and GRN 
mutation carriers demonstrate a higher rate of NfL change 
than FTD-C9orf72 mutation carriers. Higher concentrations 
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of serum NfL reflect disease severity, as they are associated 
with faster rates of brain atrophy, and baseline NfL was sig
nificantly elevated in subjects who converted from presymp
tomatic to symptomatic or showed disease progression 
versus non-progressors. Overall, baseline plasma NfL was 
highly predictive of change in clinical status over the follow
ing 2 years. Furthermore, higher baseline NfL correlated 
with worse longitudinal clinical measures and brain atrophy 
in all FTD genetic mutation types, arguing that blood-based 
NfL is predictive of short-term risk for FTD disease 
progression.3,4,73,74

Longitudinal changes in plasma NfL in presymptomatic 
and symptomatic GRN and C9orf72 mutation carriers and 
controls (aged 21–83 years) were measured in cohorts 
from the French Research Network on FTD/FTD-ALS 
(Inserm RBM02–59), Predict to Prevent Frontotemporal 
Lobar Degeneration and ALS (PREV-DEMALS), and 
Predict-PGRN.5 Subjects were followed for more than 2 
years, and the mean annualized rate of change (ARC) of plas
ma NfL was calculated along with absolute levels of plasma 
NfL at baseline and follow-up. GRN carriers’ baseline NfL 
was 86.21 pg/ml versus 39.49 pg/ml for C9orf72 (P = 
0.014) and demonstrated greater progression on ARC 
(+29.3%) compared with C9orf72 carriers (+24.7%; P = 
0.016). Of interest, ARC differed with phenotype in 
C9orf72 carriers: ALS had a mean ARC of +37%, FTD 
was +21.7%, and psychiatric presentations were +8.3%. 
However, slow-progressing C9orf72 carriers had an ARC 
of +2.5% compared to C9orf72 patients with standard pro
gression. GRN carriers did not display such differences, pos
sibly because of less variability in GRN disease progression. 
Separate cutoff thresholds of 19.00 pg/ml and 27.48 pg/ml 
for C9orf72 and GRN carriers, respectively, differentiated 
them from controls. In the ALLFTD cohorts, plasma NfL 
discriminated the presymptomatic from symptomatic muta
tion carriers, with a cutoff of 13.6 pg/ml in the original co
hort and 19.8 pg/ml in the validation group.3 Data from 
these international cohorts demonstrate that neurodegenera
tion in genetic FTLD, as measured by blood NfL, has the po
tential to reflect disease progression and that the specific FTD 
gene mutation may dictate recommended cutoff thresholds.

NfL as a pharmacodynamic 
marker in genetic FTLD
NfL as a pharmacodynamic marker may provide a 
means to distinguish treatment responders in clinical trials 
and, potentially, a way to gauge fast versus slow disease pro
gressors.5,75–77 An individual’s disease status, as determined 
via blood NfL and NFH,4 may provide added value when 
combined with macro- and microstructural imaging of re
gional neurodegenerative changes in the brain, potentially 
offering greater sensitivity to earlier neurodegenerative 
changes in presymptomatic and prodromal stage carriers. 
However, longitudinal studies are required to reveal absolute 

levels or rate of change in NfL in relation to the trajectory of 
neurodegeneration measured by MD and cortical thickness 
neuroimaging methods. To use NfL as a pharmacodynamic 
marker, detailed knowledge of how the drug treatment itself 
influences NfL turnover is needed. Preliminary, unpublished 
observations suggest that NfL turnover in extracellular fluids 
may be influenced by microglial activity; this potential con
founder would be particularly important to examine for 
drugs affecting microglial activation.

When compared with the apparently more gradual 
changes in brain GM or WM as measured with current 
neuroimaging methods, a fluid biomarker can provide 
an earlier and more accessible dynamic readout in trials 
that may suggest movement towards clinical improve
ment, to be supported later by clinical measures at 6–12 
months that would reveal whether the change is statistic
ally significant. Currently, blood-based NfL levels are 
supporting decisions about proceeding from investiga
tional phase 2 studies to phase 3 trials. NfL in genetic 
FTLD could potentially be a more sensitive biomarker 
of change, but more data are needed to determine 
whether blood-based NfL, in combination with one or 
more markers, could provide greater confidence in 
moving forward to a pivotal trial. Longitudinal fluid 
biomarkers reflecting changes in the autophagy-lysosome 
pathway,78 microglial79 and astroglial activation mar
kers,80–83 and potentially TDP43 burden,84 could provide 
additional insights into the pathobiology of FTLD and 
status of disease progression. Identifying the right com
bination of biomarkers that elucidates and refines our un
derstanding of NfL is a work in progress, as different 
exploratory fluid markers are being tested in intervention
al trials enrolling presymptomatic and symptomatic GRN 
and C9orf72 mutation carriers.85 However, such explora
tory markers must also be tested in longitudinal studies in 
larger multicentre research cohorts and compared against 
healthy controls to establish their progression. For phase 
3 studies, surrogacy of NfL is not yet defined, and the dy
namic range of blood NfL across FTD genotypes will re
quire absolute cutoff levels and/or rates of change defined 
for each FTD gene mutation population. It remains to be 
determined whether normalization to prodromal blood 
NfL ranges in genetic FTD, or prevention of further in
creases in absolute levels of blood NfL (or rate of 
change), are possible. Hopefully, the time course of NfL 
changes after treatment initiation compared with controls 
will be revealed by ongoing interventional drug trials.3,77

In testing NfL as a pharmacodynamic marker in genetic 
FTD treatment trials, the percentage change indicating clinic
ally meaningful NfL remains unknown. The current approach 
is to determine if the observed changes are statistically signifi
cant in the cohort studied, but there is a need to identify and 
establish disease-specific cutoff points for NfL levels, or even 
gene mutation–specific cutoff points. In other diseases, it is 
known that normalization or close-to-baseline decrease in 
NfL is possible with treatment, but the time lag between treat
ment initiation and time to stable decline of NfL appears 
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highly variable among diseases and treatment modalities when 
considering antisense oligonucleotide, nusinersen-treated pea
diatric spinal muscular atrophy versus treated adolescents or 
adults,86–88 heamatopoietic stem cell–transplanted X-linked 
adrenoleukodystrophy,89 antiviral-treated adult HIV demen
tia,90–92 or monoclonal antibody-treated adult multiple 
sclerosis.32,93

FTD-GRN, the most rapidly progressing of the FTD auto
somal dominant gene mutations, show the highest rate of 
change in blood NfL moving from presymptomatic to symp
tomatic clinical status, as well as the highest median baseline. 
NfL may help define a window of opportunity for enrolling 
participants into investigational disease-modifying drug 
trials by employing an absolute, elevated NfL concentration 
as a cutoff that reflects transition from presymptomatic to 
prodromal stage. Longitudinal data suggest that the rate of 
change in blood NfL from conversion stage to symptomatic 
stage may be of prognostic value in gauging the rate of dis
ease progression or drug efficacy.3,4

NfL levels observed over the first 12 months of an investiga
tional treatment trial for FTD-GRN reported that both CSF 
and plasma NfL levels remained stable over this time period, re
flecting a consistent trend in response to experimental drug 
treatments.94 Decreased levels of blood or CSF NfL in other 
treatment trials have shown that a downward trend toward 
baseline values can take 12–24 months.35 Many important 
questions remain regarding the use of NfL as a biomarker in 
genetic FTD and ongoing international longitudinal studies, 
as well as new investigational treatment trials, are anticipated 
to provide new insights. At present, we may find some answers 
regarding trends in NfL from observational studies in neuro
logically healthy aging populations and treatment trials in mul
tiple sclerosis. The Foundation for the National Institutes of 
Health Biomarkers Consortium Neurofilament Project is spear
heading a collaborative public-private partnership effort to 
examine and compare available NfL assays and platforms. A 
goal of this partnership is to work toward a global calibration 
of assay readouts and to prepare an NfL biomarker qualifica
tion letter of intent to be submitted to the FDA and European 
Medicines Agency (https://fnih.org/what-we-do/biomarkers- 
consortium).

Summary and 
recommendations on use 
of NfL as a biomarker in 
genetic FTLD
Present data suggest that NfL can serve as a biomarker for 
onset and intensity of neurodegeneration in genetic FTLD. 
Given that it is a general biomarker for neurodegeneration, 
its diagnostic capacity is limited; however, this limitation 
does not apply to genetic FTLD, as the genotype gives the 
diagnosis. In clinical trials of disease-modifying treatments, 
the direction of change in fluid biomarker levels remains to 

be discovered. Lowering and/or stabilization of NfL in gen
etic FTD would be an anticipated outcome if the treatment 
were to slow or stop neurodegeneration in the brain. 
Longitudinal FTLD studies that combine pathophysiological 
markers with sensitive topographic biomarkers correlated 
with established clinical instruments to reflect disease pro
gression are required. The timing and effect size of NfL 
change is difficult to address. Here, stabilization and/or low
ering of NfL to levels seen in same-age healthy controls, such 
as those observed in patients with multiple sclerosis under 
highly effective treatments, may predict clinical improve
ment. Considering the heterogeneity of genetic and sporadic 
FTLD, it would be advisable to combine NfL with other 
pathophysiological markers to provide a more robust read
out of disease progression. Lysosomal/endosomal process
ing, microglial and astroglial activation, and potentially 
changes in total-tau and phosphorylated-tau protein may 
help identify possible inflection points moving from pre
symptomatic to prodromal to symptomatic stages.95 In clin
ical trials, NfL can be used as both an inclusion criterion to 
ascertain that the patient has entered the neurodegenerative 
stage of the disease, and a prognostic biomarker. NfL in 
combination with other markers could potentially offer 
more precision on disease trajectory and interpretation of 
disease-modifying treatments in clinical trials. Cutoff criteria 
for elevated NfL levels in FTD-GRN and FTD-C9orf72 
should now be established. Most data suggest that CSF 
and plasma/serum NfL levels and rates of change are higher 
in GRN carriers but may otherwise give similar information 
in trials across the genetic FTLD spectrum. Plasma NfL levels 
may provide additional value as these levels relate to patient 
stratification in trials. Disclosing NfL status to patients with 
FTD can be complicated, since trial inclusion of participants 
with elevated NfL implies that their disease status has pro
gressed (although additional markers are likely needed to es
tablish an individual’s disease progression). Conversely, 
exclusion of patients from a trial because of ‘low’NfL 
levels may result in a difficult conversation with the prospect
ive participants because they have a disease that 
progresses quickly and will ultimately take away their 
independence.

Acknowledgements
The Neurofilament Light Task Force, an international group 
of key opinion leaders, was convened by Alector, Inc., and 
The Bluefield Project to Cure Frontotemporal Dementia in 
late 2020 to synthesize recent knowledge about FTD and 
other neurological diseases to help develop recommenda
tions on the use of NfL as a biomarker in genetic FTD.

Funding
This work was supported by Alector, Inc.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023

https://fnih.org/what-we-do/biomarkers-consortium
https://fnih.org/what-we-do/biomarkers-consortium


NfL in genetic FTLD trials                                                                                              BRAIN COMMUNICATIONS 2022: Page 9 of 12 | 9

Competing interests
A.B. received grant support from NIH U19AG063911, 
U54NS092089, R01AG038791, U01AG045390, Tau 
Research Consortium, Bluefield Project to Cure FTD, 
University of California Cures Alzheimer’s disease 
Program, Association for Frontotemporal Degeneration, 
CBD Solutions, Alzheimer’s Drug Discovery Foundation, 
Alzheimer’s Association, and UCSF Parkinson’s Spectrum 
Disorders Center. A.B. received industry research support 
(funding to UCSF) from Biogen, Eisai, and Regeneron; 
A.B. is an industry consultant for AGTC, Alector, Arkuda, 
Arvinas, AZTherapeutics, GSK, Lundbeck, Oligomerix, 
Ono, Roche, Samumed, Stealth, Third Rock, Transposon, 
and Wave.

Jens Kuhle received speaker fees, research support, travel 
support, and/or served on advisory boards by Swiss MS 
Society, Swiss National Research Foundation 
(320030_189140/1), University of Basel, Progressive MS 
Alliance, Bayer, Biogen, Celgene, Merck, Novartis, Octave 
Bioscience, Roche, and Sanofi. S.M.M. is an employee of 
Alector, LLC and may have an equity interest in Alector, Inc. 
J.D.R. has been a member of a medical advisory board for 
Alector, Prevail Therapeutics, and Wave Life Sciences and 
has provided consultancy for Arkuda Therapeutics, Astex, 
UCB, Takeda, and Biogen. N.T. is an employee of Alector, 
LLC and may have an equity interest in Alector, Inc. C.T.’s re
search of CET is supported by the European Commission 
[Marie Curie International Training Network, grant agree
ment No. 860197 (MIRIADE), and JPND], Health Holland, 
the Dutch Research Council (ZonMW), Alzheimer Drug 
Discovery Foundation (ADDF), The Selfridges Group 
Foundation, Alzheimer Netherlands, Alzheimer Association. 
C.T. is a recipient of ABOARD, which is a public-private part
nership receiving funding from ZonMW (#73305095007) and 
Health∼Holland, Topsector Life Sciences & Health 
(PPP-allowance; #LSHM20106). More than 30 partners par
ticipate in ABOARD. ABOARD also receives funding from 
Edwin Bouw Fonds and Gieskes-Strijbisfonds. IV is appointed 
on a research grant by Alzheimer Nederland (NL-17004). C.T. 
has a collaboration contract with ADx Neurosciences and 
Quanterix, and has performed contract research or received 
grants from AC-Immune, Axon Neurosciences, Biogen, 
Brainstorm Therapeutics, Celgene, EIP Pharma, Eisai, Olink, 
PeopleBio, Roche, Toyama, and Vivoryon. H.Z. has served 
on scientific advisory boards and/or as a consultant for 
Abbvie, Acumen, Alector, ALZPath, Annexon, Apellis, 
Artery Therapeutics, AZTherapies, CogRx, Denali, Eisai, 
Nervgen, Novo Nordisk, Passage Bio, Pinteon Therapeutics, 
Red Abbey Labs, reMYND, Roche, Samumed, Siemens 
Healthineers, Triplet Therapeutics, and Wave, has given lec
tures in symposia sponsored by Cellectricon, Fujirebio, 
Alzecure, Biogen, and Roche and is a co-founder of Brain 
Biomarker Solutions in Gothenburg AB (BBS), which is a 
part of the GU Ventures Incubator Program. H.Z. is a 
Wallenberg Scholar supported by grants from the Swedish 

Research Council (#2018-02532), the European Research 
Council (#681712 and #101053962), Swedish State Support 
for Clinical Research (#ALFGBG-71320), the ADDF, USA 
(#201809-2016862), the Alzheimer’s disease Strategic Fund 
and the Alzheimer’s Association (#ADSF-21-831376-C, 
#ADSF-21-831381-C, and #ADSF-21-831377-C), the 
Bluefield Project, the Olav Thon Foundation, the 
Erling-Persson Family Foundation, Stiftelsen för Gamla 
Tjänarinnor, Hjärnfonden, Sweden (#FO2022-0270), the 
European Union’s Horizon 2020 research and innovation pro
gram under the Marie Skłodowska-Curie grant agreement No. 
860197 (MIRIADE), the European Union Joint Programme— 
Neurodegenerative Disease Research (JPND2021-00694), 
and the UK Dementia Research Institute at UCL 
(UKDRI-1003).

Supplementary material
Supplementary material is available at Brain Communications 
online.

Data availability
The names and affiliations of the Neurofilament task force 
participants is provided in Supplementary_Data-docx.

Appendix I
NfL Task Force Participants
Anne Alward, Anthony Bannon, Martina Bocchetta, 
Joshua Caufield, Irene Y. Choi, Tania F. Gendron, 
Danielle L. Graham, Fen Huang, Serena Hung, Gerhard 
Koenig, Joel A. Mathews, Michelle I. Mighdoll, Laurence 
Mignon, Thomas Misko, Glenn Morrison, Yan G. Ni, 
Robert Paul, Leonard Petrucelli, Rob Plasschaert, Maria 
S. Quinton, Harro Seelaar, Arthur Simen, Aitana 
Sogorb-Esteve, Ina Tesseur, Maria Tome, Olga 
Uspenskaya, Emma L. van der Ende, Mike Ward, Felix 
L. Yeh (further details in Supplementary material).

References
1. Boeve BF, Boxer AL, Kumfor F, Pijnenburg Y, Rohrer JD. Advances 

and controversies in frontotemporal dementia: Diagnosis, biomar
kers, and therapeutic considerations. Lancet Neurol. 2022;21(3): 
258-272.

2. Greaves CV, Rohrer JD. An update on genetic frontotemporal de
mentia. J Neurol. 2019;266(8):2075-2086.

3. Rojas JC, Wang P, Staffaroni AM, et al. Plasma neurofilament light 
for prediction of disease progression in familial frontotemporal lo
bar degeneration. Neurology. 2021;96(18):e2296-e2312.

4. Wilke C, Reich S, van Swieten JC, et al. Stratifying the presympto
matic phase of genetic frontotemporal dementia by serum NfL 
and pNfH: A longitudinal multicentre study. Ann Neurol. 2022; 
91(1):33-47.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023

http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcac310#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcac310#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcac310#supplementary-data


10 | BRAIN COMMUNICATIONS 2022: Page 10 of 12                                                                                                    H. Zetterberg et al.

5. Saracino D, Dorgham K, Camuzat A, et al. Plasma NfL levels and 
longitudinal change rates in C9orf72 and GRN-associated diseases: 
From tailored references to clinical applications. J Neurol 
Neurosurg Psychiatry. 2021:92(12):1278–1288.

6. Jo M, Lee S, Jeon YM, Kim S, Kwon Y, Kim HJ. The role of TDP-43 
propagation in neurodegenerative diseases: Integrating insights 
from clinical and experimental studies. Exp Mol Med. 2020;52
(10):1652-1662.

7. Bridel C, van Wieringen WN, Zetterberg H, et al. Diagnostic value 
of cerebrospinal fluid neurofilament light protein in neurology: A 
systematic review and meta-analysis. JAMA Neurol. 2019;76(9): 
1035-1048.

8. Forgrave LM, Ma M, Best JR, Demarco ML. The diagnostic per
formance of neurofilament light chain in CSF and blood for 
Alzheimer’s disease, frontotemporal dementia, and amyotrophic 
lateral sclerosis: A systematic review and meta-analysis. 
Alzheimers Dement. 2019;11:730-743.

9. Moseby-Knappe M, Mattsson N, Nielsen N, et al. Serum neurofila
ment light chain for prognosis of outcome after cardiac arrest. 
JAMA Neurol. 2019;76(1):64-71.

10. Polymeris AA, Coslovksy M, Aeschbacher S, et al. Serum neurofila
ment light in atrial fibrillation: Clinical, neuroimaging and cognitive 
correlates. Brain Commun. 2020;2(2):fcaa166.

11. Petzold A. Neurofilament phosphoforms: Surrogate markers for axon
al injury, degeneration and loss. J Neurol Sci. 2005;233(1-2):183-198.

12. Steinacker P, Feneberg E, Weishaupt J, et al. Neurofilaments in the 
diagnosis of motoneuron diseases: A prospective study on 455 pa
tients. J Neurol Neurosurg Psychiatry. 2016;87(1):12-20.

13. Chen XH, Meaney DF, Xu BN, et al. Evolution of neurofilament 
subtype accumulation in axons following diffuse brain injury in 
the pig. J Neuropathol Exp Neurol. 1999;58(6):588-596.

14. Neselius S, Brisby H, Marcusson J, Zetterberg H, Blennow K, 
Karlsson T. Neurological assessment and its relationship to CSF 
biomarkers in amateur boxers. PLoS One. 2014;9(6):e99870.

15. Taghdiri F, Multani N, Ozzoude M, et al. Neurofilament-light in 
former athletes: A potential biomarker of neurodegeneration and 
progression. Eur J Neurol. 2020;27(7):1170-1177.

16. Clarke GJB, Skandsen T, Zetterberg H, et al. One-year prospective 
study of plasma biomarkers from CNS in patients with mild trau
matic brain injury. Front Neurol. 2021;12:643743.

17. Wong NKY, He BP, Strong MJ. Characterization of neuronal inter
mediate filament protein expression in cervical spinal motor neu
rons in sporadic amyotrophic lateral sclerosis (ALS). J 
Neuropathol Exp Neurol. 2000;59(11):972-982.

18. Strong MJ, Volkening K, Hammond R, et al. TDP43 is a human low 
molecular weight neurofilament (hNFL) mRNA-binding protein. 
Mol Cell Neurosci. 2007;35(2):320-327.

19. Volkening K, Leystra-Lantz C, Yang W, Jaffee H, Strong MJ. Tar 
DNA binding protein of 43 kDa (TDP-43), 14-3-3 proteins and 
copper/zinc superoxide dismutase (SOD1) interact to modulate 
NFL mRNA stability. Implications for altered RNA processing in 
amyotrophic lateral sclerosis (ALS). Brain Res. 2009;1305: 
168-182.

20. Rosengren LE, Karlsson JE, Karlsson JO, Persson LI, Wikkelsø C. 
Patients with amyotrophic lateral sclerosis and other neurodegen
erative diseases have increased levels of neurofilament protein in 
CSF. J Neurochem. 1996;67(5):2013-2018.

21. Seeley WW. Selective functional, regional, and neuronal vulnerabil
ity in frontotemporal dementia. Curr OpinNeurol. 2008;21(6): 
701-707.

22. Khalil B, Morderer D, Price PL, Liu F, Rossoll W. mRNP assembly, 
axonal transport, and local translation in neurodegenerative dis
eases. Brain Res. 2018;1693(Pt A):75-91.

23. Briese M, Saal L, Appenzeller S, Moradi M, Baluapuri A, Sendtner 
M. Whole transcriptome profiling reveals the RNA content of mo
tor axons. Nucleic Acids Res. 2016;44(4):e33.

24. Cajigas IJ, Tushev G, Will TJ, tom Dieck S, Fuerst N, Schuman EM. 
The local transcriptome in the synaptic neuropil revealed by deep 

sequencing and high-resolution imaging. Neuron. 2012;74(3): 
453-466.

25. Shigeoka T, Jung H, Jung J, et al. Dynamic axonal translation in de
veloping and mature visual circuits. Cell. 2016;166(1):181-192.

26. Aerts J, Nys J, Moons L, Hu TT, Arckens L. Altered neuronal archi
tecture and plasticity in the visual cortex of adult MMP-3-deficient 
mice. Brain Struct Funct. 2015;220(5):2675-2689.

27. Twiss JL, Kalinski AL, Sachdeva R, Houle JD. Intra-axonal protein 
synthesis—A new target for neural repair? Neural Regen Res. 2016; 
11(9):1365-1367.

28. Trapp BD, Peterson J, Ransohoff RM, Rudick R, Mörk S, Bö L. 
Axonal transection in the lesions of multiple sclerosis. N Engl J 
Med. 1998;338(5):278-285.

29. Kuhlmann T. Acute axonal damage in multiple sclerosis is most ex
tensive in early disease stages and decreases over time. Brain. 2002; 
125(10):2202-2212.

30. Bjartmar C, Kidd G, Mork S, Rudick R, Trapp BD. Neurological 
disability correlates with spinal cord axonal loss and reduced 
N-acetyl aspartate in chronic multiple sclerosis patients. Ann 
Neurol. 2000;48(6):893-901.

31. Strasser-Fuchs S, Enzinger C, Ropele S, Wallner M, Fazekas F. 
Clinically benign multiple sclerosis despite large T2 lesion load: 
Can we explain this paradox? Mult Scler. 2008;14(2):205-211.

32. Novakova L, Zetterberg H, Sundström P, et al. Monitoring disease 
activity in multiple sclerosis using serum neurofilament light pro
tein. Neurology. 2017;89(22):2230-2237.

33. Kuhle J, Plavina T, Barro C, et al. Neurofilament light levels are as
sociated with long-term outcomes in multiple sclerosis. Mult Scler. 
2020;26(13):1691-1699.

34. Delcoigne B, Manouchehrinia A, Barro C, et al. Blood neurofila
ment light levels segregate treatment effects in multiple sclerosis. 
Neurology. 2020;94(11):e1201-e1212.

35. Kapoor R, Smith KE, Allegretta M, et al. Serum neurofilament light 
as a biomarker in progressive multiple sclerosis. Neurology. 2020; 
95(10):436-444.

36. Nyberg L, Lundquist A, Nordin Adolfsson A, et al. Elevated plasma 
neurofilament light in aging reflects brain white-matter alterations 
but does not predict cognitive decline or Alzheimer’s disease. 
Alzheimers Dement. 2020;12(1):e12050.

37. Preische O, Schultz SA, Apel A, et al. Serum neurofilament dynamics 
predicts neurodegeneration and clinical progression in presympto
matic Alzheimer’s disease. Nat Med. 2019;25(2):277-283.

38. Khalil M, Pirpamer L, Hofer E, et al. Serum neurofilament light le
vels in Normal aging and their association with morphologic brain 
changes. Nat Commun. 2020;11(1):812.

39. Willemse EAJ, Scheltens P, Teunissen CE, Vijverberg EGB. A neu
rologist’s perspective on serum neurofilament light in the memory 
clinic: A prospective implementation study. Alzheimers Res Ther. 
2021;13(1):101.

40. Scherling CS, Hall T, Berisha F, et al. Cerebrospinal fluid neurofila
ment concentration reflects disease severity in frontotemporal de
generation. Ann Neurol. 2014;75(1):116-126.

41. van der Ende EL, Meeter LH, Poos JM, et al. Serum neurofilament 
light chain in genetic frontotemporal dementia: A longitudinal, mul
ticentre cohort study. Lancet Neurol. 2019;18(12):1103-1111.

42. Bridel C, Verberk IMW, Heijst JJA, Killestein J, Teunissen CE. 
Variations in consecutive serum neurofilament light levels in healthy 
controls and multiple sclerosis patients. Mult Scler Relat Disord. 
2021;47:102666.

43. Ramani S, Berard JA, Walker LAS. The relationship between neuro
filament light chain and cognition in neurological disorders: A scop
ing review. J Neurol Sci. 2021;420:117229.

44. Le Bihan D. Looking into the functional architecture of the brain 
with diffusion MRI. Nat Rev Neurosci. 2003;4(6):469-480.

45. Weston PSJ, Poole T, Nicholas JM, et al. Measuring cortical mean 
diffusivity to assess early microstructural cortical change in pre
symptomatic familial Alzheimer’s disease. Alzheimers Res Ther. 
2020;12(1):112.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023



NfL in genetic FTLD trials                                                                                           BRAIN COMMUNICATIONS 2022: Page 11 of 12 | 11

46. Montal V, Vilaplana E, Pegueroles J, et al. Biphasic cortical macro- 
and microstructural changes in autosomal dominant Alzheimer’s 
disease. Alzheimers Dement. 2021;17(4):618-628.

47. Dhiman K, Gupta VB, Villemagne VL, et al. Cerebrospinal fluid 
neurofilament light concentration predicts brain atrophy and cogni
tion in Alzheimer’s disease. Alzheimers Dement (Amst). 2020;12(1): 
e12005.

48. Galimberti D, Fumagalli GG, Fenoglio C, et al. Progranulin plasma 
levels predict the presence of GRN mutations in asymptomatic sub
jects and do not correlate with brain atrophy: Results from the 
GENFI study. Neurobiol Aging. 2018;62:245.e249-245.e212.

49. Moore KM, Nicholas J, Grossman M, et al. Age at symptom onset 
and death and disease duration in genetic frontotemporal dementia: 
An international retrospective cohort study. Lancet Neurol. 2020; 
19(2):145-156.

50. Goldman JS, Van Deerlin VM. Alzheimer’s disease and frontotem
poral dementia: The current state of genetics and genetic testing 
since the advent of next-generation sequencing. Mol Diagn Ther. 
2018;22(5):505-513.

51. Caroppo P, Le Ber I, Camuzat A, et al. Extensive white matter in
volvement in patients with frontotemporal lobar degeneration. 
JAMA Neurol. 2014;71(12):1562.

52. Sudre CH, Bocchetta M, Cash D, et al. White matter hyperintensi
ties are seen only in GRN mutation carriers in the GENFI cohort. 
Neuroimage Clin. 2017;15:171-180.

53. Woollacott IOC, Bocchetta M, Sudre CH, et al. Pathological corre
lates of white matter hyperintensities in a case of progranulin muta
tion associated frontotemporal dementia. Neurocase. 2018;24(3): 
166-174.

54. Rohrer JD, Warren JD, Fox NC, Rossor MN. Presymptomatic stud
ies in genetic frontotemporal dementia. Rev Neurol (Paris). 2013; 
169(10):820-824.

55. Cash DM, Bocchetta M, Thomas DL, et al. Patterns of gray matter 
atrophy in genetic frontotemporal dementia: Results from the 
GENFI study. Neurobiol Aging. 2018;62:191-196.

56. Chen Q, Kantarci K. Imaging biomarkers for neurodegeneration in 
presymptomatic familial frontotemporal lobar degeneration. Front 
Neurol. 2020;11:80.

57. Jacova C, Hsiung GY, Tawankanjanachot I, et al. Anterior brain 
glucose hypometabolism predates dementia in progranulin muta
tion carriers. Neurology. 2013;81(15):1322-1331.

58. Abramzon YA, Fratta P, Traynor BJ, Chia R. The overlapping gen
etics of amyotrophic lateral sclerosis and frontotemporal dementia. 
Front Neurosci. 2020;14:42.

59. Majounie E, Renton AE, Mok K, et al. Frequency of the C9orf72 
hexanucleotide repeat expansion in patients with amyotrophic lat
eral sclerosis and frontotemporal dementia: A cross-sectional study. 
Lancet Neurol. 2012;11(4):323-330.

60. Rohrer JD, Nicholas JM, Cash DM, et al. Presymptomatic cognitive 
and neuroanatomical changes in genetic frontotemporal dementia 
in the genetic frontotemporal dementia initiative (GENFI) study: 
A cross-sectional analysis. Lancet Neurol. 2015;14(3):253-262.

61. Moreno F, Sala-Llonch R, Barandiaran M, et al. Distinctive 
age-related temporal cortical thinning in asymptomatic granulin 
gene mutation carriers. Neurobiol Aging. 2013;34(5):1462-1468.

62. Verde F, Otto M, Silani V. Neurofilament light chain as biomarker 
for amyotrophic lateral sclerosis and frontotemporal dementia. 
Front Neurosci. 2021;15:679199.

63. Borrego-Ecija S, Sala-Llonch R, van Swieten J, et al. Disease-related 
cortical thinning in presymptomatic granulin mutation carriers. 
Neuroimage Clin. 2021;29:102540.

64. Le Blanc G, Jette Pomerleau V, McCarthy J, et al. Faster cortical 
thinning and surface area loss in presymptomatic and symptomatic 
C9orf72 repeat expansion adult carriers. Ann Neurol. 2020;88(1): 
113-122.

65. Mahoney CJ, Ridgway GR, Malone IB, et al. Profiles of white mat
ter tract pathology in frontotemporal dementia. Hum Brain Mapp. 
2014;35(8):4163-4179.

66. Sjogren M, Blomberg M, Jonsson M, et al. Neurofilament protein in 
cerebrospinal fluid: A marker of white matter changes. J Neurosci 
Res. 2001;66(3):510-516.

67. Panman JL, Jiskoot LC, Bouts M, et al. Gray and white matter 
changes in presymptomatic genetic frontotemporal dementia: A lon
gitudinal MRI study. Neurobiol Aging. 2019;76:115-124.

68. Spotorno N, Lindberg O, Nilsson C, et al. Plasma neurofilament 
light protein correlates with diffusion tensor imaging metrics 
in frontotemporal dementia. PLoS One. 2020;15(10):e0236384.

69. Illan-Gala I, Montal V, Borrego-Ecija S, et al. Cortical 
microstructure in the behavioural variant of frontotemporal 
dementia: Looking beyond atrophy. Brain. 2019;142(4): 
1121-1133.

70. Illan-Gala I, Montal V, Borrego-Ecija S, et al. Cortical microstruc
ture in primary progressive aphasia: A multicenter study. 
Alzheimers Res Ther. 2022;14(1):27.

71. Rohrer JD, Woollacott IO, Dick KM, et al. Serum neurofilament 
light chain protein is a measure of disease intensity in frontotempor
al dementia. Neurology. 2016;87(13):1329-1336.

72. Zhang JV, Irwin DJ, Blennow K, et al. Neurofilament light chain re
lated to longitudinal decline in frontotemporal lobar degeneration. 
Neurol Clin Pract. 2021;11(2):105-116.

73. Meeter LH, Dopper EG, Jiskoot LC, et al. Neurofilament light 
chain: A biomarker for genetic frontotemporal dementia. Ann 
Clin Transl Neurol. 2016;3(8):623-636.

74. Illan-Gala I, Lleo A, Karydas A, et al. Plasma tau and neurofilament 
light in frontotemporal lobar degeneration and Alzheimer disease. 
Neurology. 2021;96(5):e671-e683.

75. Trageser KJ, Smith C, Herman FJ, Ono K, Pasinetti GM. 
Mechanisms of immune activation by c9orf72-expansions in amyo
trophic lateral sclerosis and frontotemporal dementia. Front 
Neurosci. 2019;13:1298.

76. Huang J, Khademi M, Fugger L, et al. Inflammation-related plasma 
and CSF biomarkers for multiple sclerosis. Proc Natl Acad Sci USA. 
2020;117(23):12952-12960.

77. Panman JL, Venkatraghavan V, van der Ende EL, et al. 
Modelling the cascade of biomarker changes in GRN-related 
frontotemporal dementia. J Neurol Neurosurg Psychiatry. 
2021;92(5):494-501.

78. Beckers J, Tharkeshwar AK, Van Damme P. C9orf72 ALS-FTD: 
Recent evidence for dysregulation of the autophagy-lysosome path
way at multiple levels. Autophagy. 2021:1-17.

79. Parbo P, Madsen LS, Ismail R, et al. Low plasma neurofilament light 
levels associated with raised cortical microglial activation suggest 
inflammation acts to protect prodromal Alzheimer’s disease. 
Alzheimers Res Ther. 2020;12(1):3.

80. Oeckl P, Weydt P, Steinacker P, et al. Different neuroinflammatory 
profile in amyotrophic lateral sclerosis and frontotemporal demen
tia is linked to the clinical phase. J Neurol Neurosurg Psychiatry. 
2019;90(1):4-10.

81. Nowacki P, Koziarska D, Masztalewicz M. Microglia and astroglia 
proliferation within the normal appearing white matter in histologi
cally active and inactive multiple sclerosis. Folia Neuropathologica. 
2019;57(3):249-257.

82. Katisko K, Cajanus A, Huber N, et al. GFAP As a biomarker in fron
totemporal dementia and primary psychiatric disorders: Diagnostic 
and prognostic performance. J Neurol Neurosurg Psychiatry. 2021; 
92(12):1305-1312.

83. Heller C, Foiani MS, Moore K, et al. Plasma glial fibrillary 
acidic protein is raised in progranulin-associated frontotempor
al dementia. J Neurol Neurosurg Psychiatry. 2020;91(3): 
263-270.

84. Borrego-Écija S, Turon-Sans J, Ximelis T, et al. Cognitive decline in 
amyotrophic lateral sclerosis: Neuropathological substrate and gen
etic determinants. Brain Pathol. 2021;31(3):e12942.

85. Boxer AL, Gold M, Feldman H, et al. New directions in clinical 
trials for frontotemporal lobar degeneration: Methods and outcome 
measures. Alzheimers Dement. 2020;16:131-143.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023



12 | BRAIN COMMUNICATIONS 2022: Page 12 of 12                                                                                                    H. Zetterberg et al.

86. Gidaro T, Servais L. Nusinersen treatment of spinal muscular atro
phy: Current knowledge and existing gaps. Dev MedChild Neurol. 
2019;61(1):19-24.

87. Faravelli I, Meneri M, Saccomanno D, et al. Nusinersen treatment 
and cerebrospinal fluid neurofilaments: An explorative study on 
spinal muscular atrophy type 3 patients. J Cell Mol Med. 2020; 
24(5):3034-3039.

88. Olsson B, Alberg L, Cullen NC, et al. NFL is a marker of treatment 
response in children with SMA treated with nusinersen. J Neurol. 
2019;266(9):2129-2136.

89. Weinhofer I, Rommer P, Zierfuss B, et al. Neurofilament light chain as 
a potential biomarker for monitoring neurodegeneration in X-linked 
adrenoleukodystrophy. Nat Commun. 2021;12(1):1816.

90. Guha D, Mukerji SS, Chettimada S, et al. Cerebrospinal fluid extra
cellular vesicles and neurofilament light protein as biomarkers of 
central nervous system injury in HIV-infected patients on antiretro
viral therapy. Aids. 2019;33(4):615-625.

91. Gisslén M, Price RW, Andreasson U, et al. Plasma concentration of the 
neurofilament light protein (NFL) is a biomarker of CNS injury in HIV 
infection: A cross-sectional study. EBioMedicine. 2016;3:135-140.

92. Anderson AM, Easley KA, Kasher N, et al. Neurofilament light 
chain in blood is negatively associated with neuropsychological per
formance in HIV-infected adults and declines with initiation of anti
retroviral therapy. J Neurovirol. 2018;24(6):695-701.

93. Disanto G, Barro C, Benkert P, et al. Serum neurofilament light: A 
biomarker of neuronal damage in multiple sclerosis. Ann Neurol. 
2017;81(6):857-870.

94. Paul R, Yeh F, Ward M, et al. Update on the phase 2 study of AL001 
in frontotemporal dementia patients carrying a granulin mutation. 
14th Clinical Trials on Alzheimer’s Disease (CTAD), November 
9–12, 2021.

95. Agnello L, Colletti T, Lo Sasso B, et al. Tau protein as a diagnostic 
and prognostic biomarker in amyotrophic lateral sclerosis. Eur J 
Neurol. 2021;28(6):1868-1875.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/1/fcac310/6847527 by U

niversity C
ollege London user on 01 M

arch 2023


	The role of neurofilament light in genetic frontotemporal lobar degeneration
	Introduction
	Axonal damage after acute injury and in chronic neurodegenerative disease
	NfL as a biomarker of disease progression and drug efficacy in multiple sclerosis
	Multidecade and individual variability of NfL over time in aging and dementia cohorts
	Brain structural changes, NfL, and cognition in Alzheimer’s disease dementia
	Neurodegeneration associated with FTD-GRN and FTD-C9orf72
	NfL rate of change in FTD-GRN versus FTD-C9orf72
	NfL as a pharmacodynamic marker in genetic FTLD
	Summary and recommendations on use of NfL as a biomarker in genetic FTLD
	Acknowledgements
	Funding
	Competing interests
	Supplementary material
	Data availability
	Appendix I
	NfL Task Force Participants

	References




