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What	is	FTD?

• Rare,	but	important	cause	of	dementia
• Peak	incidence	between	50-70	years	
• Second	most	common	cause	of	young-onset	
dementia

• Prevalence	~	15-20/100,000

• Presents	with	changes	in	LANGUAGE or	
BEHAVIOUR (or	both)



KNIFE	EDGE	
ATROPHY

Tau

TDP-43

Overlap	with	other	
pathologies



Burrell and Hodges, Journal of Alzheimer’s Disease 21 (2010) 349–360



Case	– 1

• 73	year	old	woman

• 2	year	history	of	progressive	language	disturbance
– Word	finding	difficulty
– Syntactic	errors	in	speech	– pronouns	he/she,	tense,	
word	ordering	(former	school	principal)



Case	– 1

• Effortful,	halting	speech
• Word-finding	difficulties
• Syntactic	errors
• Sound	distortions	(apraxia	of	speech)	and	
phonemic	errors

PROGRESSIVE	NON-
FLUENT	APHASIA	

(PNFA)



Case	– 2

• 57-year-old	journalist
• 9	months	progressive	speech	disturbance

– described	by	patient	as	‘halting’	speech.



Case	– 2

• Speech:
– Reduced	content
– Effortful
– Syntactic	errors
– Apraxia	of	speech
– Generally	preserved	word/object	knowledge

PROGRESSIVE	NON-
FLUENT	APHASIA	

(PNFA)



Case	– 2

• Speech:
– Reduced	content
– Effortful
– Syntactic	errors
– Apraxia	of	speech
– Generally	preserved	word/object	knowledge

PROGRESSIVE	NON-
FLUENT	APHASIA	

(PNFA)

DRAMATIC	DECLINE	IN	
ONLY	12	MONTHS



Case	– 3

• 60-year-old	woman

• 3	year	history	of:
– Word-finding	difficulty
– Comprehension
– Following	thread	when	reading
– Writing
– Poor	Concentration



Case	– 3

• Severe	word	finding	problems
– “Umm,	umm”

• Phonological	errors
– “Eastwold”	rather	than	“Eastwood”

• Some	fluent	snippets
• Syntactic	errors

– “That	orchard	.	.	.	That	went	go”

NON-FLUENT	APHASIA

PROGRESSIVE	NON-
FLUENT	APHASIA?



Overlapping	Dementia	Syndromes

• Symptoms	and	signs	can	overlap	or	evolve
• Diagnosis?

– Clinical	assessment,	supported	by	imaging	and	
neuropsychology

– Biomarkers	of	neurodegeneration (research)

CLINICAL	DIAGNOSIS PATHOLOGICAL	
DIAGNOSIS



Logopenic	
Progressive	
Aphasia
• Atypical	Alzheimer’s	disease
• May	be	difficult	to	

distinguish	from	PNFA

• At	a	group	level,	more	
posterior	temporal	and	
parietal	atrophy



KEY	FEATURES:

ANOMIA

WORD	FINDING

IMPAIRED	
SENTENCE	
REPETITION



AMYLOID	MARKER	=	
ALZHEIMER’S	DISEASE

13	OUT	OF	14	LOGOPENIC	CASES	
WERE	PiB	POSITIVE



Case	– 4

• 48	year	old	man

• 2-3	history	of	behavioural changes
– More	withdrawn	socially
– Difficulty	following	rules	(substitutions	in	soccer)
– Increased	libido	(approaching	sister-in-law)
– Much	less	empathic	and	affectionate



Case	4

• Perseverative
• Rigid	in	routines	etc
• Personal	hygiene
• Inappropriate	comments,	behaviour,	social	conduct
• Language	generally	preserved	(catchphrases)
• Too	much	fun	.	.	.
• Lack	of	empathy

Behavioural	variant	
frontotemporal	

dementia	(bvFTD)



Anger Disgust Fear Sadness Surprise Happiness

How	is	this	person	feeling?

Assessment of Emotion in Frontotemporal 
Dementia 



• Ability	to	recognise	emotions	
from	faces	is	reduced	in:
– behavioural-variant	

frontotemporal	dementia,
– semantic	dementia	
– progressive	non-fluent	

aphasia
• Negative	emotions	more	

affected	than	positive	
emotions

Overall Emotion Recognition

Control bvFTD SD PNFA
50

60

70

80

90

100

Pe
rc

en
t C

or
re

ct

Overall Emotion Recognition

Control bvFTD SD PNFA
50

60

70

80

90

100

Pe
rc

en
t C

or
re

ct

Emotion recognition ability

Kumfor	et	al	(2011)	Social	Neuroscience



Ñ Performance	improves	as	the	
facial	expression	becomes	more	
exaggerated

Ñ Most	effective	in	behavioural-
variant	frontotemporal	
dementia	and	progressive	
nonfluent	aphasia

behavioural-variant

semantic	dementia progressive	
nonfluent	aphasia

healthy	controls

Improving emotion recognition
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Case	– 5

• 55	year	old	woman

• 3	year	history	of	problems	with	“memory	for	
words”
– Names	of	people/places/objects
– Word	alienation	when	reading
– Preserved	concentration	and	general	memory	
performance	



Case	– 5

• Breakdown	in	semantic	knowledge
– Naming,	word-knowledge

• Preserved	fluency,	grammar,	prosody	of	speech

Semantic	dementia



bvFTD Semantic	
Dementia

PNFA



FDG-PET	scan
Severe	frontal	hypometabolism
Temporal	hypometabolism



Case	– 6

• 60	year	old	male

• 12/12	history	of	speech	problems
– Dysarthria
– Dysphagia
– Weight	loss
– No	limb	wasting/weakness
– Behavioural changes	(apathy)	



Case	– 6

• 60	year	old	male

• 12/12	history	of	speech	problems
– Dysarthria
– Dysphagia
– Weight	loss
– No	limb	wasting/weakness
– Behavioural changes	(apathy)	

Frontotemporal	
dementia	

AND
Motor	neuron	disease



FTD
+

Motor 
Symptoms

MND
MND

+
Cognitive 
symptoms

FTD



Double-labeling immunofluorescence stud-
ies showed that TDP-43 antibodies (anti–TDP-
43) strongly immunolabeled UBIs detected by
mAb 182 in FTLD-U type 1 cases and by mAb
406 in FTLD-U type 2 cases (fig. S2, A to F).
Surprisingly, anti–TDP-43 robustly labeled
UBIs that were not detected by mAbs 182 and
406 in FTLD-U type 3 cases, as well as UBIs in
familial FTDP-17U brains (fig. S2, G to L).
Anti–TDP-43 detected at least as many UBIs as

ubiquitin antibodies or mAbs 182 and 406 in
these FTLD-U brains.

Robust anti–TDP-43 staining was observed
in affected cortical regions of FTLD-U type 1
(Fig. 2A and fig. S3, A and E), type 2 (Fig. 2B
and fig. S3, B and F), and type 3 (Fig. 2C and
fig. S3, C and G) cases, with the distinct mor-
phology and distribution pattern characteristic
of each of these FTLD-U subtypes (18). TDP-
43–positive UBIs resembling those described

for FTLD-U type 3 were detected in two sepa-
rate FTDP-17U pedigrees EUBC-17 (16) and
HDDD2 (17)^ (Fig. 2D and fig. S3, D and H).
Furthermore, strong TDP-43 staining was
observed in UBIs of hippocampal dentate gran-
ule cells (Fig. 2, E and F) and in intranuclear
UBIs characteristic of FTDP-17U cases (Fig. 2,
G and H). Notably, TDP-43 was detectable in
the nuclei of unaffected neurons but absent in
nuclei of neurons with UBIs (asterisks, arrows,
and arrowheads in Fig. 2, E and F), suggesting
that TDP-43 redistributes from nucleus to cyto-
plasm in affected neurons. Furthermore, anti–
TDP-43 labeled UBIs in the motor neurons of
spinal cord and brain stem in FTLD-U cases with
and without clinical signs of MND (Fig. 2I).
Diagnostic inclusions of other neurodegenera-
tive disorders were uniformly TDP-43–negative
(fig. S3, I to T). Thus, TDP-43 is a highly spe-
cific disease protein found in neuronal UBIs of
all FTLD-U subtypes and FTDP-17U.

To characterize TDP-43 protein biochem-
ically, we sequentially extracted cortical gray
matter from FTLD-U and FTDP-17U brains
with buffers of increasing strength and analyzed
the samples by immunoblot. Whereas full-length
TDP-43 protein was present in all soluble and
insoluble fractions of FTLD-U type 1 and type 2
as well as AD and CO, a strong labeling ofÈ25-
kD bands similar to those detected by mAbs 182
and 406 was only detectable in the urea fractions
of FTLD-U types 1 and 2, respectively (single
asterisk in Fig. 3A). Further, a higher È45-kD
band and a high relative molecular mass (Mr)
smear were recognized by anti–TDP-43 in the
urea fractions of the FTLD-U brains compared
with those of AD and CO (double and triple
asterisks in Fig. 3A). Analyzing urea fractions
extracted from hippocampus or frontal cortex
of multiple FTLD-U brains demonstrates that
this disease-specific TDP-43 signature was ob-
served in all FTLD-U subtypes and familial
FTDP-17U except in unaffected regions (e.g.,
cerebellum), and it was FTLD-U specific be-
cause it was not detected in CO or in other
neurodegenerative disorders (e.g., AD and
FTDP-17T) (Fig. 3B). Thus, the signature of
pathological TDP-43 in FTLD-U includes the
presence of C-terminal breakdown and/or cleav-
age products migrating at È25 kD, a È45-kD Mr

variant, and a high-Mr TDP-43-immunoreactive
smear, although quantities of pathological spe-
cies of TDP-43 varied, possibly reflecting the
extent of UBIs in diverse brain regions of dif-
ferent FTLD-U cases.

To determine what accounts for these
disease-specific alterations of TDP-43 and
because TDP-43 contains numerous potential
phosphorylation sites, we next investigated the
phosphorylation state of TDP-43 in FTLD-U.
Dephosphorylation of urea fractions of FTLD-U
brains showed collapsing of the 45-kD band
into a 43-kD band (Fig. 3C) and separated the
two C-terminal fragments into at least four
distinct TDP-43 immunobands (Fig. 3C). Thus,

Fig. 4. UBIs in sporadic ALS were detected by anti–TDP-43. Double-label immunofluorescence with
anti-ubiquitin (A and D) and anti–TDP-43 (B and E) showed colocalization in round (C) and
skeinlike UBIs in spinal cord motor neuron (F). Merge images are shown in (C) and (F).
Immunostaining with anti–TDP-43 labeled Lewy body–like (G), round (H), and skeinlike inclusions
(I) in motor neurons of the spinal cord. Cytoplasmic UBIs in hippocampal dentate granule neurons
(J) and few UBIs in frontal cortex (K) were also stained by TDP-43 (asterisk, normal nuclear
staining; arrows, absence of nuclear staining in UBI-bearing neurons; arrowheads, UBIs). Scale bar
in (A) corresponds to 25 mm [(A) to (I)]; scale bar in (J) corresponds to 50 mm [(J) and (K)]. (L)
Immunoblots of urea fractions from frontal cortex (FC), temporal cortex (TC), and spinal cord (SC) of
ALS cases probed with anti–TDP-43 demonstrated variable presence of the pathologic C-terminal
fragments (*), 45-kD bands (**), and high Mr smear (***). (M) Immunoblots of dephosphorylated
ALS urea extracts with anti–TDP-43 revealed collapse of the 45-kD band into the 43-kD band and
increase in complexity of truncated TDP-43-immunoreactive bands È23 to 27 kD.
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TDP-43	>	
90%	of	
MND

TDP-43	>	
50%	of	
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Ubiquitinated TDP-43 in
Frontotemporal Lobar Degeneration
and Amyotrophic Lateral Sclerosis
Manuela Neumann,1,11* Deepak M. Sampathu,1* Linda K. Kwong,1* Adam C. Truax,1

Matthew C. Micsenyi,1 Thomas T. Chou,2 Jennifer Bruce,1 Theresa Schuck,1 Murray Grossman,3,4

Christopher M. Clark,3,4 Leo F. McCluskey,3 Bruce L. Miller,6 Eliezer Masliah,7

Ian R. Mackenzie,8 Howard Feldman,9 Wolfgang Feiden,10 Hans A. Kretzschmar,11

John Q. Trojanowski,1,4,5 Virginia M.-Y. Lee1,4,5†

Ubiquitin-positive, tau- and a-synuclein–negative inclusions are hallmarks of frontotemporal
lobar degeneration with ubiquitin-positive inclusions and amyotrophic lateral sclerosis. Although
the identity of the ubiquitinated protein specific to either disorder was unknown, we showed
that TDP-43 is the major disease protein in both disorders. Pathologic TDP-43 was hyper-
phosphorylated, ubiquitinated, and cleaved to generate C-terminal fragments and was
recovered only from affected central nervous system regions, including hippocampus, neocortex,
and spinal cord. TDP-43 represents the common pathologic substrate linking these
neurodegenerative disorders.

U
biquitination of misfolded proteins
that aggregate in the cytoplasm and/
or nucleus of central nervous system

(CNS) neurons is a key characteristic of neu-
rodegenerative diseases (1). Misfolded dis-
ease proteins have been identified in many
neurodegenerative disorders, but the identi-
ties of the ubiquitinated disease protein(s) in
UBIs (defined here as ubiquitinated cyto-
plasmic, nuclear, and neuritic inclusions) in
frontotemporal lobar degeneration (FTLD-
U), the most common frontotemporal de-
mentia (FTD) (2–5), and amyotrophic lateral

sclerosis (ALS) are enigmatic. FTDs are
clinically, genetically, and pathologically
heterogeneous, but they are the most com-
mon cause of dementia under age 65 after
Alzheimer_s disease (AD) (6, 7). FTDs present
with progressive changes in social, behavioral,
and/or language dysfunction (7–9), and some
patients also develop parkinsonism or motor
neuron disease (MND) (2, 10). Conversely,
ALS, a form of MND, is often associated with
FTD (10), with UBIs identical to FTLD-U (6).
Thus, clinical and pathological overlap in
FTLD-U and ALS suggest they represent

different manifestations of the same neuro-
degenerative disorder.

More than 30% of FTDs are familial, and
many kindreds show linkage to chromosome
17 (6, 11, 12). However, FTD with parkin-
sonism linked to chromosome 17 (FTDP-17)
usually shows tau pathology caused by
pathogenic mutations in the microtubule-
associated protein tau gene (MAPT) (13, 14),
FTDP-17T, but several FTDP-17 families are
characterized by UBIs (FTDP-17U) without
MAPT mutations (15–17). Recently, mutations
in the progranulin gene (PGRN) were shown to
be pathogenic for FTDP-17U (11, 12). Be-
cause PGRN is not incorporated into UBIs in
FTDP-17U (11, 12), the FTLD-U disease protein
remains to be identified.

On the basis of immunohistochemistry with
ubiquitin and novel monoclonal antibodies
(mAbs), at least three FTLD-U subtypes (types
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CA 92093, USA. 8Department of Pathology, 9Division of
Neurology, University of British Columbia, Vancouver, British
Columbia V6T 2B5, Canada. 10Institute for Neuropathology,
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11Center for Neuropathology and Prion Research, Ludwig-
Maximilians University, 81377 Munich, Germany.
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†To whom correspondence should be addressed. E-mail:
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Fig. 1. Identification of
TDP-43 as the major dis-
ease protein in UBIs of
FTLD-U. (A to D) mAb
182 specifically labeled
neuritic UBIs in FTLD-U
type 1 [(A) and (B)],
whereas mAb 406 immu-
nostained UBIs in FTLD-U
type 2 cases [(C) and (D)].
Scale bar in (A) corre-
sponds to 25 mm for (A)
to (D). (E) mAbs 182 and
406 detected disease-
specific bands È24 kD
and È26 kD, respec-
tively, in frontal gray matter urea frac-
tions of FTLD-U type 1 and type 2 but
not in those of AD or CO, whereas tau
mAbs T14/46 detected only hyper-
phosphorylated AD tau. (F) Amino
acid sequence of TDP-43 (accession
no. NP_031401, Entrez Protein) depict-
ing the two RNA-recognition motifs
(underlined), glycine-rich sequence
(boxed), and peptide sequences iden-
tified through LC-MS/MS analysis (red
highlights).
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Motor Neuron dysfunction in frontotemporal
dementia
James R. Burrell,1,2,3 Matthew C. Kiernan,1,2,3 Steve Vucic1,4 and John R. Hodges1,3
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Frontotemporal dementia and motor neuron disease share clinical, genetic and pathological characteristics. Motor neuron dis-

ease develops in a proportion of patients with frontotemporal dementia, but the incidence, severity and functional significance

of motor system dysfunction in patients with frontotemporal dementia has not been determined. Neurophysiological biomarkers

have been developed to document motor system dysfunction including: short-interval intracortical inhibition, a marker of

corticospinal motor neuron dysfunction and the neurophysiological index, a marker of lower motor neuron dysfunction. The

present study performed detailed clinical and neurophysiological assessments on 108 participants including 40 consecutive

patients with frontotemporal dementia, 42 age- and gender-matched patients with motor neuron disease and 26 control sub-

jects. Of the 40 patients with frontotemporal dementia, 12.5% had concomitant motor neuron disease. A further 27.3% of the

patients with frontotemporal dementia had clinical evidence of minor motor system dysfunction such as occasional fascicula-

tions, mild wasting or weakness. Biomarkers of motor system function were abnormal in frontotemporal dementia. Average

short-interval intracortical inhibition was reduced in frontotemporal dementia (4.3 ! 1.7%) compared with controls (9.1 ! 1.1%,

P50.05). Short-interval intracortical inhibition was particularly reduced in the progressive non-fluent aphasia subgroup, but

was normal in patients with behavioural variant frontotemporal dementia and semantic dementia. The neurophysiological index

was reduced in frontotemporal dementia (1.1) compared with controls (1.9, P50.001), indicating a degree of lower motor

neuron dysfunction, although remained relatively preserved when compared with motor neuron disease (0.7, P50.05). Motor

system dysfunction in frontotemporal dementia may result from pathological involvement of the primary motor cortex, with

secondary degeneration of lower motor neurons in the brainstem and anterior horn of the spinal cord.

Keywords: frontotemporal dementia; motor neuron disease; transcranial magnetic stimulation; biomarkers

Abbreviations: ALSFRS-R = Amyotrophic Lateral Sclerosis Functional Rating Score – Revised; FTD = frontotemporal dementia;
FUS = fused in sacrcoma; MND = motor neuron disease; MRCSS = Medical Research Council Sum Score; PNFA = progressive
non-fluent aphasia; TDP-43 = TAR DNA-binding protein 43
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• 40	consecutive	FTD	patients
• 42	age	and	gender	matched	MND
• 26	controls

• 5	(12.5%)	FTD	patients	developed	
MND
– 3	presented	with	bvFTD
– 2	presented	with	PNFA

Subclinical	Motor	
Dysfunction	–

Up	to	30%	of	FTD	
patients



The syndrome of cognitive impairment in amyotrophic
lateral sclerosis: a population-based study
Julie Phukan,1 Marwa Elamin,1 Peter Bede,1 Norah Jordan,2 Laura Gallagher,2

Susan Byrne,1 Catherine Lynch,1 Niall Pender,2 Orla Hardiman1,3

ABSTRACT
Background Despite considerable interest, the
population-based frequency, clinical characteristics and
natural history of cognitive impairment in amyotrophic
lateral sclerosis (ALS) are not known.
Methodology The authors undertook a prospective
population-based study of cognitive function in 160
incident Irish ALS patients and 110 matched controls.
Home-based visits were conducted to collect
demographic and neuropsychological data. Patients were
classified using the recently published consensus criteria
and by a domain-based classification of both executive
and non-executive cognitive processes.
Results 13.8% of patients fulfilled the Neary criteria for
frontotemporal dementia. In addition, 34.1% of ALS
patients without evidence of dementia fulfilled the
recently published consensus criteria for cognitive
impairment. Non-demented ALS patients had
a significantly higher frequency of impairment in
language and memory domains compared to healthy
controls. These deficits occurred primarily in patients
with executive dysfunction. 14% of ALS patients had
evidence of cognitive impairment without executive
dysfunction, and no cognitive abnormality was detected
in almost half the cohort (46.9%).
Conclusion Co-morbid dementia occurs in
approximately 14% of patients with a new diagnosis of
ALS. Cognitive impairment, predominantly but not
exclusively in the form executive dysfunction, is present
in more than 40% of ALS patients who have no evidence
of dementia. Cognitive impairment in ALS is not
a universal feature, and its manifestations may be more
heterogeneous than previously recognised.

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is primarily
a motor system degeneration. However, it is now
well recognised that there is clinical, pathological and
genetic overlap between ALS and frontotemporal
dementia.1 2 Previous studies have suggested that
a subgroup of patients with ALS meet the criteria for
the frontotemporal dementia (ALS-FTD), while
other patients may display evidence of milder deficits
in cognitive function and behaviour.3 4

From a clinical perspective, cognitive impairment
in ALS has practical implications for patient
management and prognosis.5e7 However, the range
and frequency of cognitive impairment in ALS has
not been fully characterised. This is primarily
a function of the non-standardised methodologies
utilised in many studies and because most studies
to date have been drawn from small and clinic-
based cohorts.1 5

Although preliminary consensus criteria have
been generated in an attempt to define the cogni-
tive and behavioural frontotemporal syndromes in
ALS,5 these have yet to be validated. There remains
an urgent requirement to fully characterise the
frequency and range of cognitive impairment in
ALS in a population-based setting. This in turn will
help to provide a robust classification system that
can be fully validated and incorporated into the
existing El Escorial Criteria for ALS.
Using the Irish ALS register, we have conducted

a population-based study of cognitive impairment
in ALS using age-matched, sex-matched and
education-matched controls. Our objective was to
define the true extent and pattern of cognitive
impairment in non-demented ALS patients exam-
ined within one year of diagnosis.

MATERIALS AND METHODS
Population-based recruitment was achieved through
the Irish ALS Register, which has been in operation
since 1995 and has been previously described.8 9 All
recruited patients met the criteria for possible,
probable or definite ALS as defined by the El Esco-
rial diagnostic criteria for ALS.10 Exclusion criteria
included history of other neurologic conditions that
could affect cognition (major hemispheric stroke,
traumatic brain injury, learning disability and
severe active epilepsy), alcohol dependence
syndrome, severe active mental illness and use of
high-dose psychoactive medication.
Home-based semistructured interviews were

conducted to collect the demographic and clinical
data. Disease severity was assessed using the
revised ALS Functional Rating Scale (ALSFRS-R).11

Arterialised capillary blood gas tensions were
documented using a mobile transcutaneous sensor
(TOSCA 500, Radiometer Ireland Ltd, Dublin). A
detailed neuropsychological assessment lasting
approximately 2 h was performed during these
home visits.

The neuropsychological evaluations
The neuropsychological battery employed a range
of standardised neuropsychological instruments
(table 1).12e18 The design of the battery was based
on the available literature which suggests early
involvement of frontally mediated executive func-
tions in ALS patients. The battery also screened for
impairment in non-executive cognitive domains, in
particular memory function. However, it is recog-
nised that cognitive tests are rarely task-pure and in
many instances can examine multiple cognitive
processes. For example, executive function contrib-
utes to performance in some of our non-executive
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(or 28.1% of the entire cohort). This rate was significantly higher
than that of healthy controls (n¼7, 6.4% p<0.0001).

The domain-based classification
The criteria used to define dysfunction in each cognitive domain
are listed in table 1. Compared to healthy controls, non-demented
ALS patients had significantly higher frequency of impairment in
three out of four cognitive domains: executive dysfunction
(25.8% vs 2.7%, p<0.0001); language dysfunction (23.3% vs
3.7%, p<0.0001); memory dysfunction (11.2% vs 1.8%, p¼0.01)
and visuo-spatial dysfunction (13.3% vs 5.5%, p¼0.080).

Non-demented ALS patients were then divided into three
groups based on the presence or absence of cognitive impairment
and whether the executive domain was involved:
1. Impairment in executive dysfunction (ALS-Ex) single domain

or in association with impairment in other cognitive domains
(multidomain);

2. Non-executive cognitive impairment (ALS-NECI), single
domain (eg, language only) or multidomain dysfunction
(eg, language and memory);

3. No cognitive impairment.
The final classification of the whole cohort after using this

domain-based categorisation is shown in figure 2.
The frequency of each cognitive subgroup in non-demented

ALS patients was compared to that in healthy controls (table 3).
A significantly higher proportion of ALS patients had cognitive

deficits characterised by executive dysfunction, particularly in
combination with impairment of other cognitive domains. In
the absence of executive impairment, the frequency of memory,
language and/or visuo-spatial deficits was not significantly
higher in ALS patients compared to controls.
Patients with executive dysfunction were older at symptom

onset (p¼0.011) and had more rapid disease progression
(p¼0.013, see table 4). Disease progression was estimated using
decline in ALSFRS-R score since symptom onset (48 minus
ALSFRS-R score divided by time from symptom onset to date of
assessment). In addition, cognitively intact patients had signif-
icantly higher education and estimated premorbid FSIQ
compared to the other two cognitive groups. A significant
correlation was noted between education and FSIQ (Spearman’s
r 0.632, p<0.001).

Cognitive performance and predictors of impairment
Phonemic verbal fluency index was identified as particularly
sensitive task to executive impairment in non-demented ALS
patients (see table 5; note that executive impairment was
defined as abnormal performance on at least two tasks of
executive function). The verbal fluency index task (written or
spoken) was abnormal in 93.8% of patients with executive
dysfunction, 30.0% of patients with non-executive cognitive
impairment (NECI) and 9.7% of patients in whom no other
cognitive abnormality was detected.

Table 2 Baseline demographics of ALS patients without dementia (n¼132) compared to those of healthy controls (n¼110)

Demographic variable

ALS patients Healthy controls

p ValueMean (SD) n Mean (SD) n

Age at time of assessment 62.7 (9.5) 132 60.5 (9.6) 110 0.075

Male sex 60.6% (e) 132 48.2% (e) 110 0.071

Education (number of years) 12.2 (3.3) 132 12.8 (3.4) 109 0.150
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HADS-estimated anxiety scores 5.4 (4.0) 99 6.5 (4.0) 70 0.076

HADS-estimated depression scores 2.6 (2.8) 99 1.9 (2.3) 70 0.121

ALS, amyotrophic lateral sclerosis; FSIQ, Full-Scale IQ; HADS, Hospital Anxiety and Depression Scale; WTAR, Wechsler Test of Adult Reading.

Figure 2 This figure illustrates the
final categorisation of the cohort of
incident ALS patients (n¼160) using
the cognitive domain-based
categorisation. Percentages were
rounded to nearest whole per cent.
ALS, amyotrophic lateral sclerosis;
ALS-FTD, patients with ALS who meet
the criteria for the frontotemporal
dementia.
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%	Impaired:

SD	– 100%

FTD-MND	– 80%

ALS	– 58.3%
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 Executive dysfunction is well established in ALS 
(11) and ALS-FTD (12); however, non-executive 
cognitive impairment may occur. Language distur-
bance has been reported in both ALS and ALS-FTD 
(13), but remains poorly characterized. Interestingly, 
neuroimaging studies have described SD-like ante-
rior temporal lobe changes in ALS-FTD and more 
recently in ALS (14). 

 The present study investigated semantic defi cits 
in ALS and ALS-FTD using the SYDBAT and 
compared the results to the SD phenotype of FTD. 
We hypothesized that semantic impairment would 
become more severe across the disease spectrum. 
Specifi cally, we hypothesized that ALS patients 
would have relatively mild semantic impairment 
compared to controls, whereas ALS-FTD patients 
would be more impaired, but not as impaired as 
SD patients. Furthermore, we hypothesized that the 

  Introduction 

 Approximately one-third of patients with amyo-
trophic lateral sclerosis (ALS) show mild to moder-
ate cognitive changes, while at least 5% demonstrate 
more severe impairment, meeting criteria for fronto-
temporal dementia (FTD) (1,2). Increasing clinical 
(3,4), pathological (5,6) and genetic (7,8) evidence 
suggests that ALS and FTD overlap and form the 
two extremes of a disease continuum. 

 Language disturbance is characteristic of FTD 
language phenotypes, including semantic dementia 
(SD). SD is characterized by distinct loss of semantic 
knowledge, secondary to progressive atrophy of the 
anterior temporal poles, particularly on the left-hand 
side (9). Specifi c instruments, such as the Sydney 
Language Battery (SYDBAT), have been developed 
to differentiate FTD language variants. The 
SYDBAT is sensitive to semantic loss in SD (10). 

                             Semantic defi cits in amyotrophic lateral sclerosis      
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 SHARON A.     SAVAGE  1  ,       ENEIDA     MIOSHI  5  ,       MICHAEL     HORNBERGER  6  , 
      MATTHEW C.     KIERNAN  1,4  ,       JOHN R.     HODGES  1,2,3     &         JAMES R.     BURRELL  1,2,3    

  1 Neuroscience Research Australia, Sydney,  2 School of Medical Science, University of New South Wales, Sydney, 
 3 ARC Centre of Excellence in Cognition and its Disorders, University of New South Wales, Sydney,  4 Brain and 
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  Abstract 
 Our objective was to investigate, and establish neuroanatomical correlates of, semantic defi cits in amyotrophic lateral 
sclerosis (ALS) and amyotrophic lateral sclerosis-frontotemporal dementia (ALS-FTD), compared to semantic dementia 
(SD) and controls. Semantic defi cits were evaluated using a naming and semantic knowledge composite score, comprising 
verbal and non-verbal neuropsychological measures of single-word processing (confrontational naming, comprehension, 
and semantic association) from the Sydney Language Battery (SYDBAT) and Addenbrooke ’ s Cognitive Examination  –  
Revised (ACE-R). Voxel based morphometry (VBM) analysis was conducted using the region of interest approach. In 
total, 84 participants were recruited from a multidisciplinary research clinic in Sydney. Participants included 17 patients 
with ALS, 19 with ALS-FTD, 22 with SD and 26 age- and education-matched healthy controls. Signifi cant semantic 
defi cits were observed in ALS and ALS-FTD compared to controls. The severity of semantic defi cits varied across the 
clinical phenotypes: ALS patients were less impaired than ALS-FTD patients, who in turn were not as impaired as SD 
patients. Anterior temporal lobe atrophy signifi cantly correlated with semantic defi cits. In conclusion, semantic impairment 
is a feature of ALS and ALS-FTD, and refl ects the severity of temporal lobe pathology.  

  Key words:   Dementia  ,   imaging  ,   cognition   
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performed signifi cantly below the ALS group 
(naming  U     !    44.5,  z     !     – 3.227,  p     !    0.001; semantic 
knowledge  U     !    44.5,  z     !     – 2.223,  p     !    0.025), but 
performed signifi cantly better than the SD group 
(naming  U     !    22,  z     !     – 4.89,  p     "    0.0001; semantic 
knowledge  U     !    55,  z    !      – 3.168,  p     "    0.0001). Naming 
and semantic knowledge composite scores were 
comparable in the control, ALS, and ALS-FTD 
groups. In SD, however, the semantic knowledge 
composite score was signifi cantly higher than the 
naming composite score ( p     "    0.0001). 

 Scores from almost all individual measures fol-
lowed a similar gradation across groups: controls 
 #    ALS  #    ALS-FTD  #    SD. ALS patients were sig-
nifi cantly impaired compared to controls on SYD-
BAT (naming  U     !    107,  z     !     – 2.149,  p     !    0.032; 
comprehension  U     !    118,  z     !     – 2.484,  p     !    0.013) and 
ACE-R tasks (naming  U     !    132.5,  z     !     – 2.974, 
 p     !    0.003; comprehension  U     !    146,  z     !     – 2.636, 
 p     !    0.008), with the exception of the SYDBAT 
semantic association task. The ALS-FTD group per-
formed signifi cantly below the ALS group on all 
SYDBAT tasks (naming  U     !    39.5,  z     !     – 3.434, 
 p     !    0.001, semantic association  U     !    50,  z     !     – 2.333, 
 p     !    0.02, comprehension  U     !    81,  z     !     – 1.996, 
 p     !    0.046) and ACE-R comprehension ( U     !    81, 
 z     !     – 2.333,  p     !    0.02). The SD group performed sig-
nifi cantly below the ALS-FTD group on all seman-
tic tasks including the SYDBAT (naming  U     !    25.5, 
 z     !     – 4.804,  p     "    0.0001, semantic association 
 U     !    70.5,  z     !     – 3.004,  p     !    0.002, comprehension 
 U     !    83.5,  z     !     – 2.938,  p     !    0.003) and ACE-R (nam-
ing  U     !    22.5,  z     !     – 4.911,  p     "    0.0001, comprehension 
 U     !    93.5,  z     !     – 2.71,  p     !    0.007). 

 Overall, 35.7% of ALS, 78.9% of ALS-FTD and 
100% of SD patients were impaired (more than 2 
standard deviations below the control mean, see 
Methods) on the naming composite score. Similarly, 
33.3% of ALS, 73.3% of ALS-FTD and 100% of 
SD were impaired on the semantic knowledge com-
posite score. On the SYDBAT, 29.4% of ALS patients 
were impaired on two or more of the subtests, while 
58.8% showed no impairment. Only two patients 
demonstrated impairment on one SYDBAT subtest. 

Specifi cally, 35% of ALS patients were impaired on 
naming, 29% on comprehension and 17.6% on 
semantic association. 

 Naming and semantic knowledge composite 
scores were not signifi cantly associated with disease 
duration or disease severity, across the ALS and 
ALS-FTD groups. A signifi cant negative association 
( r     !     – .497,  p     !    0.036) was observed between rate of 
disease progression and the naming composite score 
across the ALS and ALS-FTD groups. This negative 
association, however, did not remain signifi cant 
when a partial correlation was performed to control 
for bulbar symptomatology, as measured by com-
bined bulbar scores on the ALSFRS-R. 

  Voxel based morphometry.  The SD and ALS-FTD groups 
had signifi cant atrophy compared to controls at cor-
rected thresholds, but the ALS group did not differ 
signifi cantly from controls (Figure 2). Both the SD and 
ALS-FTD groups demonstrated atrophy of the ante-
rior temporal lobes bilaterally. In addition, the SD 
group had mild prefrontal cortex and left-sided insular 
atrophy, whereas the ALS-FTD patients had more 
widespread and bilateral atrophy involving the prefron-
tal, insular, premotor, and superior parietal cortices. 

 The neuroanatomical correlates of semantic 
defi cits were explored. Naming and semantic know-

  Figure 2.     Grey matter atrophy of patients compared to controls .  
Voxel based morphometry analysis showing brain area atrophy 
for i )  SD vs. controls, ii) ALS-FTD vs. controls. No signifi cant 
differences for ALS vs. controls (not shown). Clusters are 
overlaid on the MNI standard brain ( t     #    2.41). Coloured voxels 
show regions that were signifi cant in the analyses for  p     "    0.05 
FWE corrected.  

  Figure 1.     Composite total scores for all participant groups. 
ALS: amyotrophic lateral sclerosis; ALS-FTD: amyotrophic 
lateral sclerosis-frontotemporal dementia; SD: semantic 
dementia.  
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FTD-MND	- Syntax



Test	of	Reception	of	Grammar	(TROG)

Point	to:	

“The	boy	chasing	the	
horse	is	fat”

20	blocks
Normal	=	4	items	per	block	(80	total)
Modified	=	2	items	per	block	(40	total)



Results
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0

20

40

60

80

100

%
 Im

p
ai

re
d

**
**

P	<	0.001	v	controls	(*)	and	MND	(*)

22.2%	of	MND	
(NS)

78.6%	of	PNFA	
(P	<	0.001)

93.3%	of	FTD-MND
(P	<	0.001)



Case	– 5

• 5	years	earlier	.	.	.

• Complaints	about	“legs	pulling”
• Obsessed	with	bowel	movements
• Convinced	he	was	about	to	die	
• Paranoia
• Catatonia	nihilistic	delusions
• Marked	apathy



Case	5	– Summary

BROTHER	DIED	of	
MND	@	59	years



Boxer A L et al. J Neurol Neurosurg Psychiatry doi:10.1136/jnnp.2009.204081

©2010 by BMJ Publishing Group Ltd

FTD

MND

FTD-
MND

C9ORF72 
repeat 

expansion



NEW	CAUSE	FOR	FTD-MND
IDENTIFIED	IN	2011

C9orf72 REPEAT	EXPANSION

FAMILY	CLUSTERS FAMILIAL AND	
SPORADIC	DISEASE
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Distinct clinical and pathological characteristics of
frontotemporal dementia associated with
C9ORF72 mutations
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The identification of a hexanucleotide repeat expansion in the C9ORF72 gene as the cause of chromosome 9-linked frontotemporal

dementia and motor neuron disease offers the opportunity for greater understanding of the relationship between these disorders and

other clinical forms of frontotemporal lobar degeneration. In this study, we screened a cohort of 398 patients with frontotemporal

dementia, progressive non-fluent aphasia, semantic dementia or mixture of these syndromes for mutations in the C9ORF72 gene.

Motor neuron disease was present in 55 patients (14%). We identified 32 patients with C9ORF72 mutations, representing 8% of the

cohort. The patients’ clinical phenotype at presentation varied: nine patients had frontotemporal dementia with motor neuron

disease, 19 had frontotemporal dementia alone, one had mixed semantic dementia with frontal features and three had progressive

non-fluent aphasia. There was, as expected, a significant association between C9ORF72 mutations and presence of motor neuron

disease. Nevertheless, 46 patients, including 22 familial, had motor neuron disease but no mutation in C9ORF72. Thirty-eight per

cent of the patients with C9ORF72 mutations presented with psychosis, with a further 28% exhibiting paranoid, deluded or irra-

tional thinking, whereas 54% of non-mutation bearers presented similarly. The presence of psychosis dramatically increased the

odds that patients carried the mutation. Mutation bearers showed a low incidence of motor stereotypies, and relatively high inci-

dence of complex repetitive behaviours, largely linked to patients’ delusions. They also showed a lower incidence of acquired sweet

food preference than patients without C9ORF72 mutations. Post-mortem pathology in five patients revealed transactive response

DNA-binding protein 43 pathology, type A in one patient and type B in three. However, one patient had corticobasal degeneration

pathology. The findings indicate that C9ORF72 mutations cause some but not all cases of frontotemporal dementia with motor

neuron disease. Other mutations remain to be discovered. C9ORF72 mutations are associated with variable clinical presentations

and pathology. Nevertheless, the findings highlight a powerful association between C9ORF72 mutations and psychosis and suggest

that the behavioural characteristics of patients with C9ORF72 mutations are qualitatively distinct. Mutations in the C9ORF72 gene

may be a major cause not only of frontotemporal dementia with motor neuron disease but also of late onset psychosis.

doi:10.1093/brain/awr355 Brain 2012: 135; 693–708 | 693
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• 12/32	of	C9ORF72	patients	=	37.5%
presented	with	psychosis	or	mixture	of	
behavioural and	psychotic	features
–Psychosis	on	presentation	=	OR	15.4,	95%	
CI	5.9–40.0	of	having	C9ORF72
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ABSTRACT

Objective: To determine the frequency of a hexanucleotide repeat expansion in C9ORF72, a gene
of unknown function implicated in frontotemporal dementia (FTD) and amyotrophic lateral sclero-
sis (ALS), in Australian FTD patient cohorts and to examine the clinical and neuropathologic phe-
notypes associated with this expansion.

Methods: We examined a clinically ascertained FTD cohort (n ! 89) and a neuropathologically
ascertained cohort of frontotemporal lobar degeneration cases with TDP-43 pathology (FTLD-
TDP) (n ! 22) for the C9ORF72 hexanucleotide repeat expansion using a repeat primed PCR
assay. All expansion-positive patients were genotyped for rs3849942, a surrogate marker for
the chromosome 9p21 risk haplotype previously associated with FTD and ALS.

Results: The C9ORF72 repeat expansion was detected in 10% of patients in the clinically diag-
nosed cohort, rising to 29% in those with a positive family history of early-onset dementia or ALS.
The prevalence of psychotic features was significantly higher in expansion-positive cases (56%
vs 14%). In the pathology cohort, 41% of TDP-43-positive cases harbored the repeat expansion,
and all exhibited type B pathology. One of the 17 expansion-positive probands was homozygous
for the “nonrisk” G allele of rs3849942.

Conclusions: The C9ORF72 repeat expansion is a relatively common cause of FTD in Australian
populations, and is especially common in those with FTD-ALS, psychotic features, and a strong
family history. Detection of a repeat expansion on the 9p21 putative “nonrisk” haplotype sug-
gests that not all mutation carriers are necessarily descended from a common founder and indi-
cates that the expansion may have occurred on multiple haplotype backgrounds. Neurology®

2012;79:995–1001

GLOSSARY
ALS ! amyotrophic lateral sclerosis; bvFTD ! behavioral variant frontotemporal dementia; CBS ! corticobasal syndrome;
FTD ! frontotemporal dementia; FTLD-TDP ! frontotemporal lobar degeneration with TDP-43 pathology; LPA ! logopenic
aphasia; MAS ! Memory and Ageing Study; PNFA ! progressive nonfluent aphasia; PSP ! progressive supranuclear palsy;
SMD ! semantic dementia.

Frontotemporal dementia (FTD) refers to a heterogeneous group of diseases characterized by
personality changes, behavioral or language deficits associated with progressive loss of neurons
in the frontal and temporal regions of the brain, and a range of pathologies characterized by the
accumulation of intraneuronal protein inclusions.1–3 Evidence for the overlap between FTD
and amyotrophic lateral sclerosis (ALS) has been strengthened by the recent finding of a
hexanucleotide repeat expansion in C9ORF72, a gene of unknown function on chromosome
9p21, in Finnish and North American familial FTD and ALS cohorts.4,5 It remains unclear,
however, how common this repeat expansion is in different populations, and what clinical and
pathologic phenotypes are associated with this mutation. We examined the frequency of this
repeat expansion in a well-characterized Australian FTD cohort according to the strength of
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• Psychotic	symptoms:
– 56%	of	C9ORF72	positive cases
– 14%	of	C9ORF72	negative cases

• Clinical	presentation
– bvFTD
– FTD-MND
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Clinical heterogeneity of the C9orf72 genetic mutation in frontotemporal dementia
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The C9orf72 genetic mutation represents the most common cause of familial frontotemporal dementia (FTD) and
amyotrophic lateral sclerosis (ALS). Studies over the last 2 years have revealed a number of key features of this mutation
in the fields of clinical neurology, imaging, pathology, and genetics. Despite these efforts, the clinical phenotype appears to
extend beyond FTD and ALS into the realm of psychiatric disease, and while highly variable survival rates have been
reported, the clinical course of carriers remains relatively unexplored. This report describes two contrasting C9orf72 cases,
one with a protracted indolent course dominated by neuropsychiatric features and the other with a rapidly progressive
dementia. In both cases, initial structural brain imaging was relatively normal.

Keywords: C9orf72; frontotemporal dementia; amyotrophic lateral sclerosis neuroimaging; neuropsychiatry

The recently discovered C9orf72 genetic mutation is a
common finding in familial cases of frontotemporal demen-
tia (FTD) and amyotrophic lateral sclerosis (ALS) and is
also present in a small but important proportion of appar-
ently sporadic cases (Boeve et al., 2012; Devenney et al.,
2014; Mahoney et al., 2012; Snowden et al., 2012). A
number of publications have described the clinical profile
associated with this mutation. The majority of FTD carriers
conform to the behavioral variant of FTD (bvFTD),
although progressive non-fluent aphasia (PPA-nf) cases
have also been noted. The presence of prominent psychotic
features appears to be a hallmark of this syndrome (Boeve
et al., 2012; Devenney et al., 2014; Dobson-Stone et al.,
2012; Hsiung et al., 2012; Mahoney et al., 2012; Sha et al.,
2012; Simon-Sanchez et al., 2012; Snowden et al., 2012).
The family history also provides an important clue to the
presence of this mutation as at least one half of bvFTD
mutation-positive patients described a family history of
ALS (Boeve et al., 2012; DeJesus-Hernandez et al., 2011;
Devenney et al., 2014; Hsiung et al., 2012; Snowden et al.,
2012), as well as a number of carriers describing significant
psychiatric illness in family members (Byrne et al., 2013;
Devenney et al., 2014). Survival rates have varied, with
reports ranging from 1 to 17 years (Irwin et al., 2013). A
recent report described two patients who initially satisfied
international criteria for possible bvFTD, but both were
slow to progress without typical imaging features of
bvFTD and were subsequently termed bvFTD-slow pro-
gressor (bvFTD-SP) (Khan et al., 2012).

In contrast to variable findings on imaging, the under-
lying pathology in C9orf72 appears uniformly TDP-43,

with the addition of TDP-43-negative ubiquitin positive
inclusions present in subcortical structures (Al-Sarraj
et al., 2011; Snowden et al., 2012). With effective pathol-
ogy targeted pharmacological treatments on the horizon
for neurodegenerative disease, the presence of TDP-43
renders the C9orf72 mutation an ideal model for interven-
tional studies in neurodegeneration (Turner et al., 2013).

Despite significant developments in our understanding
of this mutation, little has been written about the clinical
course and variability in presentations. This report high-
lights the clinical heterogeneity by describing two con-
trasting cases with the C9orf72 mutation, one with a
protracted indolent progression dominated by neuropsy-
chiatric features and the other with a rapidly progressive
dementia.

Case 1

A 54-year-old male retired public servant was referred in
2008, with a history spanning over a decade of insidious
change in personality and behavior. His wife, who met
him in 1980, first noticed a change in his personality in the
1990s. When they first met, he was functioning well in a
high-ranking job until an accident in the mid-1980s ren-
dered him unable to continue working. During the early
years of marriage, he was astute with finances, had no
trouble with the law and showed no signs of disinhibition.
They had a happy marriage, had an active social life,
enjoyed sporting activities, and had many friends. In the
late 1990s, he began to overspend and failed to pay the
mortgage. Over the ensuing few years, he was imprisoned
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• Two	cases
– First	was	very	SLOWLY progressive

• ?FTD

– Second	was	very	RAPIDLY	progressive
• Often	more	widespread	cognitive	deficits	
(memory,	visuospatial)

• Marked	clinical	heterogeneity

SHOULD	CONSIDER	
TESTING



• FTD	more	heritable	than	
Alzheimer’s	Disease
– bvFTD,	FTD-MND	
especially
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Abstract Frontotemporal dementia (FTD) is reportedly
highly heritable, even though a recognized genetic cause is

often absent. To explain this contradiction, we explored the

‘‘strength’’ of family history in FTD, Alzheimer’s disease
(AD), and controls. Clinical syndromes associated with

heritability of FTD and AD were also examined. FTD and

AD patients were recruited from an FTD-specific research
clinic, and patients were further sub-classified into FTD or

AD phenotypes. The strength of family history was graded

using the Goldman score (GS), and GS of 1–3 was regar-
ded as a ‘‘strong’’ family history. A subset of FTD patients

underwent screening for the main genetic causes of FTD.

In total, 307 participants were included (122 FTD, 98 AD,
and 87 controls). Although reported positive family history

did not differ between groups, a strong family history was

more common in FTD (FTD 17.2 %, AD 5.1 %, controls

2.3 %, P \ 0.001). The bvFTD and FTD-ALS groups
drove heritability, but 12.2 % of atypical AD patients also

had a strong family history. A pathogenic mutation was

identified in 16 FTD patients (10 C9ORF72 repeat
expansion, 5 GRN, 1 MAPT), but more than half of FTD

patients with a strong family history had no mutation

detected. FTD is a highly heritable disease, even more than
AD, and patients with bvFTD and FTD-ALS drive this

heritability. Atypical AD also appears to be more heritable

than typical AD. These results suggest that further genetic
influences await discovery in FTD.

Keywords Frontotemporal dementia ! Alzheimer’s

disease ! Genetics ! Progranulin ! Tau ! C9ORF72 repeat
expansion ! Modified Goldman score

Introduction

With the application of genome-wide association studies to
neurodegenerative diseases [1–3], a new era of discovery

beckons, where polygenic-environment interactions are
examined anew to explain the development of apparently

sporadic diseases. An increased awareness of heritability in

diseases such as frontotemporal dementia (FTD) and Alz-
heimer’s disease (AD) may provide important clues to

underlying pathological mechanisms and suggest potential

therapeutic targets. Developing a deeper understanding of
heritability in FTD and AD is, therefore, critical.

The complex issue of heritability in neurodegenerative

disease is well demonstrated in FTD. Studies often refer to
FTD as highly heritable, with reports of a positive family

history in as many as 60 % of cases [4–9], even though a

genetic cause may be demonstrated in \20 % [10]. The
reasons for this apparent disconnect are unclear, but may
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‘‘Methods’’) did differ between the groups (P \ 0.001).

Specifically, 21 (17.2 %) FTD patients had a strong family
history compared to only 2 (2.3 %) control subjects

(P \ 0.001). Overall, five (5.1 %) AD patients had a GS of

1–3 was, but this proportion was not significantly different
from the control group.

Goldman score in FTD and AD subtypes

The proportion of patients with a strong family history

differed significantly (P \ 0.001) across the disease sub-
types, driven by the bvFTD, FTD-ALS, and atypical AD

groups (Fig. 1b). For example, 13 (34.2 %) bvFTD and 5

(21.7 %) FTD-ALS patients had a strong family history, as

indicated by a GS of 1–3, compared to only 2 (2.3 %)

controls (both P \ 0.001). There was no significant
increase in the proportion of nfv-PPA and sv-PPA patients

with a strong family history compared to controls. In

addition, 5 (12.2 %) atypical AD patients had a strong
family history (GS of 1–3), which was significantly

(P \ 0.05) increased compared to controls. The proportion

of typical AD patients with a strong family history was not
significantly greater than controls. When the total AD

cohort (both typical AD and atypical AD) was split into
young- and late-onset groups, there was no difference in

the mean GS, or in the proportion of AD patients with a

strong family history.

Genetic mutation screening in FTD

Overall, 43 (35.2 %) of the FTD cohort underwent genetic

testing for the C9ORF72 repeat expansion. If this mutation

was detected no further genetic testing was planned,
although in practice almost all C9ORF72 repeat expansion-

positive cases had already been tested for GRN mutations.

Specifically, of the ten FTD patients with the C9ORF72
repeat expansion, all but one patient was tested for GRN

and none were found to carry this additional pathogenic

mutation. Testing for MAPT and GRN was performed in
C9ORF72-negative patients (36 patients or 29.5 % of the

FTD cohort). In total, 16 FTD patients were found to carry

pathogenic mutation; 10 (8.2 %) carried a C9ORF72 repeat
expansion, 5 (4.1 %) carried GRN mutations, and 1 (0.8 %)

patient carried a MAPT mutation. All the C9ORF72 cases

presented with either bvFTD or FTD-ALS. Four of six
bvFTD cases with the C9ORF72 repeat expansion had a

strong family history, whereas two of four FTD-ALS cases

carrying the C9ORF72 repeat expansion had a strong
family history. The GRN mutation was associated with

bvFTD (four cases, all but one had a strong family history)

and nfv-PPA (one case). The single MAPT case presented
with bvFTD.

All FTD patients with a strong family history (GS of

1–3) underwent genetic testing. Of these patients, less than
half (10 patients or 47.6 %) had a detectable pathogenic

mutation. The C9ORF72 repeat expansion was detected in

6 (28.6 %) patients, while 3 (14.3 %) had a mutation of
GRN and 1 (4.8 %) a mutation of MAPT. All patients

without a detectable pathogenic mutation underwent test-

ing for C9ORF72, GRN, and MAPT.
A pathogenic mutation was infrequent in patients

without a strong family history. Overall, 22 (21.8 %)

patients with a GS of 3.5 or 4 underwent genetic testing
and only six were found to carry a pathogenic mutation.

Specifically, 4 (4 %) patients were found to carry the

C9ORF72 repeat expansion and 2 (2 %) were found to
carry the GRN mutation.

Fig. 1 Goldman score across disease groups and disease phenotypes.
a The percentage of patients with a Goldman score of 1–3 was
significantly increased in the FTD group compared to the Alzheimer’s
disease and control groups. b The increased heritability of FTD was
driven by the bvFTD and FTD-ALS groups, but the atypical AD also
had an increased proportion of patients with and Goldman score of
1–3. FTD frontotemporal dementia, AD Alzheimer’s disease, bvFTD
behavioral variant frontotemporal dementia, nfv-PPA Non-fluent
variant of primary progressive aphasia, sv-PPA semantic variant of
primary progressive aphasia
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Less	than	half	of	
patients	with	strong	
family	history	had	a	
documented	genetic	

lesion



Management	of	FTD

• Few	treatment	options
• Education,	carer	support
• Management	of	behavioural	symptoms

– Non-pharmacological
– Pharmacological

• Atypical	antipsychotics	
• Anti-depressants

• Respite	or	placement	issues
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Summary
Background Frontotemporal dementia is a highly heritable neurodegenerative disorder. In about a third of patients, 
the disease is caused by autosomal dominant genetic mutations usually in one of three genes: progranulin (GRN), 
microtubule-associated protein tau (MAPT), or chromosome 9 open reading frame 72 (C9orf72). Findings from 
studies of other genetic dementias have shown neuroimaging and cognitive changes before symptoms onset, and we 
aimed to identify whether such changes could be shown in frontotemporal dementia.

Methods We recruited participants to this multicentre study who either were known carriers of a pathogenic mutation 
in GRN, MAPT, or C9orf72, or were at risk of carrying a mutation because a fi rst-degree relative was a known 
symptomatic carrier. We calculated time to expected onset as the diff erence between age at assessment and mean age 
at onset within the family. Participants underwent a standardised clinical assessment and neuropsychological battery. 
We did MRI and generated cortical and subcortical volumes using a parcellation of the volumetric T1-weighted scan. 
We used linear mixed-eff ects models to examine whether the association of neuropsychology and imaging measures 
with time to expected onset of symptoms diff ered between mutation carriers and non-carriers.

Findings Between Jan 30, 2012, and Sept 15, 2013, we recruited participants from 11 research sites in the UK, Italy, 
the Netherlands, Sweden, and Canada. We analysed data from 220 participants: 118 mutation carriers (40 symptomatic 
and 78 asymptomatic) and 102 non-carriers. For neuropsychology measures, we noted the earliest signifi cant 
diff erences between mutation carriers and non-carriers 5 years before expected onset, when diff erences were 
signifi cant for all measures except for tests of immediate recall and verbal fl uency. We noted the largest Z score 
diff erences between carriers and non-carriers 5 years before expected onset in tests of naming (Boston Naming Test 
–0·7; SE 0·3) and executive function (Trail Making Test Part B, Digit Span backwards, and Digit Symbol Task, all 
–0·5, SE 0·2). For imaging measures, we noted diff erences earliest for the insula (at 10 years before expected 
symptom onset, mean volume as a percentage of total intracranial volume was 0·80% in mutation carriers and 
0·84% in non-carriers; diff erence –0·04, SE 0·02) followed by the temporal lobe (at 10 years before expected 
symptom onset, mean volume as a percentage of total intracranial volume 8·1% in mutation carriers and 8·3% in 
non-carriers; diff erence –0·2, SE 0·1).

Interpretation Structural imaging and cognitive changes can be identifi ed 5–10 years before expected onset of 
symptoms in asymptomatic adults at risk of genetic frontotemporal dementia. These fi ndings could help to defi ne 
biomarkers that can stage presymptomatic disease and track disease progression, which will be important for future 
therapeutic trials.
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Introduction
Frontotemporal dementia is a neurodegenerative disorder 
characterised by focal neuronal loss in the frontal and 
temporal lobes.1 It is a common cause of early-onset 

dementia, but can also present in old age and has an 
estimated prevalence of between 15 and 22 per 100 000 
individuals in the population.2 It presents clinically with 
either behavioural symptoms (behavioural variant 

• Families	with	autosomal	dominant	history
• At	risk,	pre-symptomatic	individuals
• Double-blind	to	genetic	status
• Carriers	and	controls
• Detailed	neuropsychological	evaluations
• Structural	imaging	(MRI)

Rohrer et	al,	Lancet	Neurol 2015;	14:	253–62

Neuropsychological	changes	5	years	
prior	to	expected	onset

Neuroanatomical	changes	10+	years	
prior	to	expected	disease	onset
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Introduction
Frontotemporal dementia is a neurodegenerative disorder 
characterised by focal neuronal loss in the frontal and 
temporal lobes.1 It is a common cause of early-onset 

dementia, but can also present in old age and has an 
estimated prevalence of between 15 and 22 per 100 000 
individuals in the population.2 It presents clinically with 
either behavioural symptoms (behavioural variant 

• Neuropsychological	abnormalities	detected	at	
~	5	years	prior	to	expected	disease	onset

• Subtle	cortical	atrophy	detectable	10	years	
prior	to	expected	disease	onset

• Some	differences	by	genetic	cause
– C9orf72	changes	as	early	as	20	years	prior
– GRN	mutations	asymmetry	(L	>	R)

Rohrer et	al,	Lancet	Neurol 2015;	14:	253–62



Summary
• FTD	rare,	important	cause	of	dementia
• Heterogeneous	pathology

– TDP-43,	tau,	overlap	with	Alzheimer’s	pathology

• Presents	with	changes	in	behaviour (bvFTD)	or	
language (PNFA,	SD)	or	both

• Clinical	overlaps:
– Alzheimer’s	disease	– Logopenic	progressive	aphasia
– Motor	neuron	disease

• C9orf72	repeat	expansion	
– Late	onset	psychosis
– Depression,	other	psychiatric	illnesses
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