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Abstract Frontotemporal lobar degeneration (FTLD) is
generally recognised as a disorder with presenile onset (that is
before 65 years of age) with only occasional cases presenting
later than this. We set out to determine what proportion of cases
of FTLD had late onset of disease and whether such cases of
FTLD had distinctive clinical and neuropathological features
as compared to cases with presenile onset. Within a combined
Manchester and Newcastle autopsy series of 117 cases with
pathologically confirmed FTLD (109/117 cases also met Lund
Manchester clinical criteria for FTLD), we identified 30 cases
(onset age range 65-86 years), comprising 25% of all FTLD
cases ascertained in these two centres over a 25-year period.
Neuropathologically, the 30 elderly cases presented features of
several FTLD histological subgroups [FTLD-TDP (types 1, 2
and 3, 19 cases (63%)], FLTD-tau [MAPT, PiD and CBD, 10
cases (33%)] and FTLD-UPS (1 case), similar in range of
phenotypes to that seen in the presenile group, though patients
with MAPT, but not PGRN, mutation, or FUS pathology, were
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notably absent or fewer in the elderly group. Hippocampal
sclerosis (HS) was present in 13/30 of the elderly FTLD cases
(43%) compared with 14/79 (18%) (P = 0.012) in the prese-
nile FTLD patients. Lobar atrophy present in most of the
younger patients was prominent in only 25% of the elderly
subjects. Prospective and retrospective psychiatric and medi-
cal case note analysis showed that the majority of the elderly
FTLD patients, like their younger counterparts, had behav-
ioural features consistent with frontotemporal dementia.
FTLD is common amongst elderly persons and all or most of
the major clinical and histological subtypes present in younger
individuals can be seen in the older group.
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Introduction

In the literature and in clinical practice, frontotemporal
lobar degeneration (FTLD) is generally considered to be a
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presenile disorder [6, 26]. Indeed, FTLD may be the second
most common cause of dementia after Alzheimer’s disease
(AD) in the presenile period [11]. Although AD, dementia
with Lewy bodies (DLB) and vascular dementia (VaD) are
the major causes of dementia in the elderly, cases of FTLD
over 70 years of age have been sporadically identified,
anecdotally reported or included in reports describing cases
of early onset FTLD [3, 16]. Indeed, the Lund and Man-
chester consensus for FTLD [6] lists an age of 65 years or
below as a supportive diagnostic feature of FTLD. Hence,
because frontotemporal dementia (FTD) is not usually
considered in the differential diagnosis of dementia in
patients above 65 years, age alone may mitigate against a
diagnosis of FTLD in the elderly patient [6] leading both to
misdiagnosis in individual cases and under-representation
in epidemiological studies.

The prevalence of FTLD in the elderly is therefore
uncertain and often is restricted to clinical identification
without neuropathological confirmation. The present study
was carried out to determine what proportion of patients
within a combined autopsy series of cases of FTLD from
the North West and North East regions of United Kingdom
had late onset of disease and whether such cases had dis-
tinctive clinical and pathological features compared to
those of ‘typical’ cases presenting before 65 years of age.

Materials and methods

Over a 25-year period, 87 cases were recruited from the
Manchester Brain Bank, 19 with an age of onset over
65 years (see online supplementary Table 1). All were
from the North West of England and North Wales and all
except one died over the age of 70 years. Similarly, over
the same period, 30 cases of FTLD were ascertained from
the Newcastle Brain Tissue Resource (NBTR) at the
Institute of Human Ageing and Vitality, Newcastle General
Hospital, 11 with an age of onset over 65. All were from
the North East of England and all died over the age of
70 years (see online supplementary Table 1). Nineteen
cases of presenile FTLD were identified during this same
period. One hundred and nine (of 117) cases fulfilled
clinical diagnostic criteria for FTLD [6, 23]. In six cases a
presumptive clinical diagnosis of Alzheimer’s disease/
dementia/presenile dementia had been ascribed. Two other
cases were victims of road traffic accidents for whom
information concerning any pre-existing illness was not
known or unavailable. All brains had been obtained with
full ethical permission following consent by the next of
kin.

Standard macro- and microscopic neuropathology
examination was performed on all cases. The brain hemi-
spheres were separated in the fresh state whenever
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possible, with one hemisphere, the brain stem and cere-
bellum being fixed in formaldehyde and the other
hemisphere being coronally sliced, examined for macro-
pathological features, and then frozen at —80°C. In those
instances where asymmetric clinical signs had been pres-
ent, the whole brain was fixed apart from a few selected
blocks that were dissected fresh and frozen. The fixed
hemisphere was anatomically sliced and macroscopic fea-
tures assessed included the absence or presence of infarcts
and the pattern and location of brain atrophy.

From the fixed hemisphere a standardised set of repre-
sentative brain regions was sampled for paraffin embedding
and neurohistopathology and sections were cut at a thick-
ness of 6 um. The following brain areas were reviewed:
frontal, temporal, parietal, occipital and motor cortex, deep
white matter and internal capsule, hippocampus (CA
regions and dentate gyrus, subiculum, presubiculum)
entorhinal cortex, basal ganglia (caudate nucleus and
putamen) globus pallidus, thalamus, upper and lower
midbrain, upper and lower pons and medulla. Spinal cord
was only available for examination in eight cases: four
cases from Newcastle clinically believed to have FTD, and
three cases from Manchester and one from Newcastle
considered clinically to have had FTD 4+ MND. Sections
to include these regions were stained histologically by
H&E, CFV, LFB or Loyez and a silver stain (methena-
mine-silver, Gallyas, Bielschowsky, or Palmgren). They
were also immunostained for phosphorylated tau [mouse
monoclonal antibody AT8 (Innogenetics, Ghent, Belgium)
1:750 or rabbit polyclonal tau antibody (Sigma, Poole, UK)
1:200 or tau2 (Sigma, Poole, UK) 1:1,000], amyloid B
protein [4G8 mouse monoclonal antibody (Covance
Research Products Inc., Dedham, MA) 1:3,000], TDP-43
[rabbit polyclonal antibody (10782-2-AP, Proteintech,
Manchester, UK) 1:1,000-1:12,500], FUS protein [rabbit
polyclonal antibody HPA-008784 (Sigma, Poole, UK)
1:50-1:200], o-internexin [rabbit polyclonal antibody
(Abcam, Cambridge, UK) 1:200], a-synuclein [mouse
monoclonal antibody NCL-L-ASYN (Novocastra, Leica
Biosystems, Newcastle, UK) 1:40], GFAP [rabbit poly-
clonal antibody (Sigma, Poole, UK) 1:750]; SMI 31 and 32
(Sternberger-Meyer Immunochemicals, 1: 250); o-intern-
exin (Sigma, Poole, UK) 1:200 or ubiquitin [rabbit
polyclonal antibody Z0458 (Dako Cytomation, Ely, UK)
1:750-1:3,000] employing a standard ABC Elite kit
(Vector, Burlingame, CA, USA) with DAB as chromagen,
and using microwaving in 0.1 M citrate buffer, pH 6.0 for
antigen retrieval.

Pathological diagnosis was made according to the algo-
rithm presented by Cairns et al. [7], and FTLD classification
made in accordance with Mackenzie et al. [17, 18].

Genetic investigations were performed on DNA
extracted either from whole blood or brain tissue by routine
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methods. DNA was analysed, as described elsewhere, for
mutations in MAPT and MAPT haplotype [12, 27], PGRN
mutations [4], and APOE genotype [27].

Statistical analysis employing appropriate parametric
and non-parametric statistical tests was carried out using
SSPS vlé6.

Results
Demographic details and natural history of disease

The 117 patients with FTLD were divided into two groups
according to an age of onset above or below 65 years
(Table 1). There were 50 males in the presenile group
[mean age at onset (where known) 54.6 £ 8.6 years] and
37 females (mean age 52.2 £ 9.6 years). In the elderly
group there were 19 males (mean age 69.2 + 4.6 years)
and 11 females (mean age 72.3 £ 5.5 years). The mean
age of onset in the elderly group (70.2 & 5.1 years) was
16.6 years older than that in their 87 presenile counter-
parts (53.6 & 9.1 years), with mean age of death being
14.5 years older (76.4 £ 5.6 vs. 61.9 £ 9.6 years). Over-
all, disease duration in the elderly FTLD patients was
2.5 years less than that in the presenile group (5.7 + 2.8
vs. 8.2 £ 3.9 years; P < 0.001), and was also significantly
less in older, than younger, males (5.5 & 2.6 vs.
7.7 £ 4.1 years; P < 0.011) and in older, than younger,
females (6.0 £ 3.5 vs. 8.9 &+ 3.5 years; P < 0.034). There
were no gender differences apparent in either the presenile
or elderly group (3* = 0.32, P = 0.574).

Clinical presentations

Within the presenile group, 65/87 cases (75%) presented
with FTD, seven of these with associated MND. Seven
patients (8%) had semantic dementia (SD) and seven (8%)
had progressive non-fluent aphasia/anomia/apraxia. Six
cases (7%) had no clear diagnosis of their dementia though
the clinical picture was not inconsistent with FTLD. Within
the elderly group, 23/30 cases (76%) presented with FTD,

two of these with associated MND. Two patients (7%) had
semantic dementia (SD) and five (17%) had progressive
non-fluent aphasia/anomia/apraxia. Hence, all major clini-
cal categories of FTLD were represented in the presenile
and elderly groups and there were no clear distinctions in
clinical presentation which distinguished the elderly group
from their younger counterparts.

Neuropathology

Following review of the histologically and immunohisto-
chemically stained sections it was possible using a recent
diagnostic algorithm [7] and present consensus guidelines
[17, 18] to characterise and classify most of the 117 cases.
Within the 87 presenile group of cases, there were 31
cases of FTLD-tau (36%), comprising 10 with MAPT
mutations (9 with exon 10 416, 1 with Q336R mutation),
2 with a tauopathy similar to cases with exon 10 416
mutation but apparently without MAPT mutation being
present, 16 with Pick bodies, 2 with CBD or CBD-like
histology and 1 with granular globular white matter
inclusions). There were 44 cases with FTLD-TDP (50%),
13 with type 1 histology, 15 with type 2 histology and 16
with type 3 histology (5 with PGRN mutations) [7]. There
were four cases with FTLD-FUS (5%), classified as atyp-
ical FTLD-U, one case of MND alone, four cases with
ubiquitinated inclusions that were negative for tau, TDP-43
and FUS (termed FTLD-UPS) and three cases (3%) where
no inclusions were detected by immunohistochemistry, and
to these a classification of FTLD-ni was ascribed [18].
Within the elderly group, there were ten cases of FTLD-
tau (33%), comprising one with MAPT mutation (exon 10
+13 mutation), 1 with a tauopathy similar to cases with
exon 10 +16 mutation but apparently without MAPT
mutation being present, five with Pick body histology,
three with CBD histology. There were 19 cases with
FTLD-TDP (63%), 4 with type 1 histology, 4 with type 2
histology and 11 with type 3 histology (2 with PGRN
mutations) [7], and 1 case (3%) where only ubiquitinated
inclusions were detected by immunohistochemistry, and to
this a classification of FTLD-UPS was ascribed [18]. There

Table 1 Demographic details

Group Subgroup Age at Age at Duration Brain
of cases onset (years) death (years) (years) weight (g)
Presenile All (87) 53.6 £ 9.1 61.9 £9.6 82+ 3.9 1,080 + 155
Males (50) 547 + 8.6 624 £+ 9.6 77 £ 4.1 1,133 £ 171
Females (37) 522 £9.6 61.2 £9.7 89+ 35 1,009 + 94
Elderly All (30) 70.2 £ 5.1 764 £ 5.6 57 +£28 1,126 £+ 144
Males (19) 69.2 £ 4.6 747 £ 44 55+26 1,138 £+ 103
Number of cases is given in Females (11) 723 4£55 793 £ 6.4 6.0 + 3.5 1112 £ 191

parentheses
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were no cases with FTLD-FUS. Hence, there were no
overall significant differences between the presenile and
the elderly group in terms of the frequencies of cases
of FTLD-tau (%> = 0.05, P = 0.820) or FTLD-TDP (3> =
1.46, P = 0.227). However, it was notable that no cases of
FTLD-FUS were found in the elderly group.

Cases due to autosomal dominant inheritance associated
with mutations in MAPT and PGRN genes (where the
results of mutational analysis were known) were more
common in the presenile group (15/81 cases, 18.5%) than
in the elderly group (3/26 cases, 11.5%), but not signifi-
cantly so (x> = 0.69, P = 0.552). All except one case of
MAPT mutation occurred in the presenile group of indi-
viduals (10/74 cases, 13.5% vs. 1/24 cases, 4.8% in the
elderly group) but this difference was not statistically
significant (x> = 1.59, P = 0.285). Cases with PGRN
mutation were equally common amongst both groups
(presenile 5/71 cases, 7.0% vs. elderly 2/23 cases, 8.7%;
x> = 0.03, P = 1.000).

Where these data were known, there were no significant
differences between the presenile and the elderly groups
with respect to MAPT H1 haplotype frequency [presenile
group (n = 71), Hl = 101/142 alleles 71.1%; elderly
group (n = 22), H1 = 30/44 alleles 68.2%, X2 = 0.71,
P =0.709], or APOE €2 [presenile group (n = 74),
€2 = 8/148 alleles 5.4%; elderly group (n = 23), €2 =
1/46 alleles 2.2%, XZ = 0.83, P =0.689] or APOE &4
[presenile group (n = 74), €4 = 27/148 alleles 18.2%;
elderly group (n = 23), &4 = 7/46 alleles 15.2%, x> =
0.0.22, P = 0.825] allele frequencies.

Macroscopic observations on the elderly cases

Average brain weight in the presenile group (1,080 %
155 g) was slightly less compared to the elderly group
(1,126 £ 144 g), but not significantly so (P = 0.196). The
majority of the presenile cases showed moderate to severe
frontotemporal atrophy and ventricular dilatation, whereas
only 12 of the 30 elderly FTLD patients showed severe
frontotemporal atrophy and in 8 of the cases severe ven-
tricular dilatation was recorded. There was moderate to
severe decrease in neuromelanin pigmentation of the sub-
stantia nigra in 10 of the elderly patients, but only so in the
locus caeruleus in 5 patients.

Microscopy

Superficial cortical microvacuolation and neuron loss in the
frontal and temporal lobes were identified in all the elderly
FTLD cases. Immunohistochemistry showed ubiquitin
positivity in all cases. No case was FUS-positive.

In 19 cases, TDP-43 immunoreactive filamentous neu-
rites, neuronal intranuclear (NII) or neuronal cytoplasmic
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(NCI) inclusions were prominent in the upper and middle
cortical layers II and III, as described by us elsewhere [8,
16]. NII were present in five cases, two with known PGRN
mutations. NCI were readily seen in the dentate gyrus
granular layer. These were classed [7] as 4 with type 1
histology, 4 with type 2 histology and 11 with type 3 his-
tology. Ten cases showed FTLD-tau, comprising ATS-
immunopositive Pick bodies (5 cases) or other tau-positive
inclusions [neurofibrillary tangles and glial cell inclusions
(consistent with MAPT exon 10 +13 or +16 mutations (2
cases) or CBD pathology (3 cases)]. One case displayed
ubiquitinated inclusions in the frontal and temporal lobes,
but these were not tau, TDP43- or FUS-immunopositive.

Hippocampal sclerosis (HS)

In 13/30 (43%) of the elderly FTLD patients there was a
selective and severe loss of pyramidal neurons with gliosis
from the hippocampus, involving subfields CAl, subicu-
lum and entorhinal cortex, characteristic of HS, affecting
all FTLD subtypes [9 with FTLD-TDP (1 with PGRN
mutation), 2 patients with FTLD-tau (PiD) and 1 with
FTLD-UPS]. By contrast, HS was present in only 14/79
(18%) of the presenile cases (X2 = 7.65, P = 0.012), this
occurring in nine patients with FTLD-TDP (4 with PGRN
mutations), two with FTLD-FUS, one with FTLD-tau
(CBD) and one with FTLD-UPS.

Coincidental or age-associated neuropathology

Alzheimer type pathology was present in 13 patients. This
was generally in the form of diffuse beta amyloid-positive
plaques, with a sparse number of plaques in six cases, a
moderate number in six cases and many in a single case.
Three patients had Braak stage I, but the likelihood of AD
in these patients was low, there being sparse or no plaque
scores in these patients [5, 13, 21]. One patient (N29) with
FTLD-TDP also had some features of FTLD-tau com-
prising a moderate to severe degree of neurofibrillary
tangles [7] but no evidence of glial cell inclusions, with the
phenotype of “tangle only” or neurofibrillary tangle
dementia (NTD/FTLD-tau): neuritic or beta amyloid-
positive plaques were absent.

Cerebrovascular changes in the elderly FTLD cases

In most patients the major cerebral arteries showed either
no, or minimal, atherosclerosis. However, in three patients
a bilateral moderate to severe atherosclerosis affected the
internal carotid arteries, extending into the middle cerebral
arteries. Vascular dementia had been clinically suspected,
at least as a component of the illness, in four patients but
none of these cases had pathological evidence of infarcts or
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ischaemic lesions. Small cystic infarcts were recorded in
left inferior occipital cortex in one case, and in hypothal-
amus and upper mid pons, and a focus of ischaemia in the
right cerebellar hemisphere in another case, and in a third
case an area of microinfarction was present in the hippo-
campal CAl region and a small ischaemic area with
neuronal loss in the inferior cerebellum.

Discussion

In the present study we have demonstrated that FTLD does
indeed occur in subjects with onset over the age of 65 years.
When present in these elderly subjects, all the major clinical
phenotypes are represented, and as in younger individuals
the same features typical of the various histopathological
forms of FTLD-TDP and FTLD-tau are seen. Nonetheless,
there are some notable differences between the age groups.

First, as might be expected, autosomally dominant
inherited gene mutations causing FTLD were more com-
mon in the presenile group, though statistically not
significantly so given the overall small numbers of muta-
tions present. This was due to all except one of the 12
MAPT mutation carriers being within the younger group
whereas PGRN mutations were distributed proportionately
between younger and older subgroups.

Secondly, no cases associated with FUS pathology were
seen in the older group. The four younger patients with
FUS pathology (and atypical FTLD-U) reported here are
distinguishable demographically and clinically from the
other cases of FTLD. They represent a highly distinctive
and unique sub-group characterised by an extremely
youthful onset, in keeping with other reports of patients
with FUS pathology (and atypical FTLD-U). In one series
of 15 patients [24] the mean age at onset was 38 years
(range 28-55), in another series of 37 cases, from 12
academic centres [29] it was 41 years, and in a third series
of four patients [28], it was 37 years, none of whom were
over 50 years at presentation. The present findings would
support the argument [28] that onset of FTD before
40 years is a strong predictor of this form of FUS pathol-
ogy. The patients’ young age is all the more noteworthy in
view of the absence of strong family history, again in
keeping with other reports [24, 28, 29]. Cases with FTLD
associated with other forms of FUS pathology [i.e. those
with neuronal intermediate filament inclusion body disease
(NIFID) or basophilic inclusion body disease (BIBD)] tend
on the whole to have a later onset of age, a different
clinical phenotype and different histopathological charac-
teristics. For example, Neumann et al. [25] described five
cases of NIFID. The mean age at onset was 40 years
though two cases had onset at 56 and 58 years of age.
Clinically, the patients showed a typical FTD phenotype,

though stereotypical behaviours were not prominent, and
unlike the present cases pyramidal motor features were
prominent. Striatal atrophy was not excessive and cyto-
plasmic and nuclear FUS-positive inclusions, similar in
appearance to those reported here, were present. These
NIFID-associated inclusions were also immunopositive for
intermediate filament proteins (i.e. internexin immunore-
active). Munoz et al. [22] reported on seven cases of BIBD.
Mean age at onset was 46 years, though here 4/7 cases had
onset after 50 years. Clinically, these cases presented with
a mixed phenotype with FTD and/or MND being most
common presentations, one case presenting as PSP. Ste-
reotypical behaviours were not recorded. Rounded FUS
immunopositive inclusions were prominent in the cerebral
cortex, but not in hippocampus; NII were absent. Hence,
aFTLD-U cases present a distinctive clinical and patho-
logical phenotype which can clearly differentiate them
from other forms of FTLD with FUS pathology.

Thirdly, in contrast to the presenile group, HS was
significantly more common in the older group. Others have
reported that HS is not common in case series with FTLD
presenting at an earlier age, although it is being increas-
ingly recognised as a pathological feature of FTLD-TDP
[1]. Indeed, in the present study, where HS was observed in
younger patients this was nearly always seen in the pres-
ence of TDP-43 or FUS pathology. In the elderly group, HS
also occurred in conjunction with FTLD-tau (PiD) in two
individuals—this association not being seen in the younger
group. A recent study has claimed a common variant of
PGRN as a risk factor for HS in the elderly [10], though
Josephs et al. [15] did not find any difference in the fre-
quency of HS between patients with or without actual
PGRN mutations. In the present study, severe HS was seen
in 6/7 patients with PGRN mutation.

We [3], and others [14], have shown that HS occurs in
some or the majority of FTLD-UPS cases [2], and has been
described as a co-existing pathology in cases with FTLD-
UPS regardless of subtype [3, 7]. However, Dickson et al.
[9] noted HS to be a common pathological feature in
dementia of the very old. This was present in 26% of
elderly (over 80 years of age) demented subjects though in
most individuals defining characteristics of AD or DLB
were absent. Dickson used this absence of clear patholog-
ical correlation to designate a dementia type (HSD,
hippocampal sclerosis dementia) [9]. However, it is not
clear to what extent such cases with HS also had associated
TDP-43 pathological changes (either in the presence or
absence of AD or DLB—conditions in which TDP-43
pathology exists coincidentally in around 25-30% cases).

Patient N29 was of special interest given the additional
findings of a moderate to severe degree of neurofibrillary
tangles in the absence of neuritic or beta amyloid-positive
plaques in whom a diagnosis of “tangle only” or
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neurofibrillary tangle dementia (NTD/FTLD-tau) was
ascribed [7]. A differential diagnosis of dementia pugilistica
was considered, but this was excluded given the patient
showed no extrapyramidal features and the brain showed no
loss of neurones from substantia nigra. However, although
no clinical history of single or repeated head injury had been
documented, N29 had been formerly actively involved in
professional football as player/manager. Consequently, an
alternative diagnosis of chronic traumatic encephalopathy
(CTE) could also be possible, according to the definition of
widespread neurofibrillary tangles in the absence of amy-
loid plaques, as given by McKee et al. [19]. Moreover, it is
interesting that, as in patient N29, 11/12 patients with CTE
who were former athletes (i.e. retired boxers, American
footballers) involved in contact sports were also reported to
show TDP-43 pathological changes [20]. However, the
presence of HS in this patient is more in keeping with FTLD
than CTE. A definitive diagnosis for this patient therefore
remains uncertain.

It is difficult to gauge the true prevalence rate of FTLD in
the elderly. In the present series it would seem to be about
three times less common than in younger people. Because
most of the patients recruited into this study were from the
Manchester region and referred to CFU as a specialist
referral Centre for early onset dementias, and most of the
patients from the Newcastle region were referred through
Old Age Psychiatry services, it is highly likely that these
prevalence figures are biased towards ascertainment of
younger individuals. As based on our Newcastle series,
FTLD in the elderly is a comparatively rare disorder and on
our consensus estimates is likely to be responsible for
between 2 and 3% (maximum 5%) of dementia cases in the
elderly. This appears similar to clinical studies in Japan
[30]. In the future, these estimates may increase both as a
result of increased recognition of FTLD in the elderly, and
increased life expectancy and population growth. Prospec-
tive studies taking standardised tests into account may offer
a way forward. Alternatively, pooling available data in
multicenter studies may facilitate a global estimate of the
real incidence and prevalence of FTLD in the elderly.
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