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Clinicopathological Correlates in
Frontotemporal Dementia

John R. Hodges, FMedSci,1–3 R. Rhys Davies, MRCP,2 John H. Xuereb, MD,4 Barney Casey, PhD,5

Melissa Broe, PhD,5 Thomas H. Bak, MD,2 Jillian J. Kril, PhD,5 and Glenda M. Halliday, PhD1

The term frontotemporal dementia (FTD) encompasses a range of clinical syndromes that are believed not to map
reliably onto the spectrum of recognized pathologies. This study reexamines the relationships between clinical and patho-
logical subtypes of FTD in a large series from two centers (n � 61). Clinical subtypes defined were behavioral variant
FTD (n � 26), language variants (semantic dementia, n � 9; and progressive nonfluent aphasia, n � 8), and motor
variants (corticobasal degeneration, n � 9; and motor neuron disease, n � 9), although most cases presented with a
combination of behavioral and language problems. Unexpectedly, some behavioral cases (n � 5) had marked amnesia at
presentation. The pathological subtypes were those with tau-immunopositive inclusions (with Pick bodies, n � 20; or
without, n � 11), those with ubiquitin immunopositive inclusions (n � 16), and those lacking distinctive histology (n �
14). Behavioral symptoms and semantic dementia were associated with a range of pathologies. In contrast, other clinical
phenotypes had relatively uniform underlying pathologies: motor neuron disease predicted ubiquitinated inclusions,
parkinsonism and apraxia predicted corticobasal pathology, and nonfluent aphasia predicted Pick bodies. Therefore, the
pathological substrate can be predicted in a significant proportion of FTD patients, which has important implications for
studies targeting mechanistic treatments.

Ann Neurol 2004;56:399–406

Frontotemporal dementia (FTD) is the preferred term
for the spectrum of non-Alzheimer’s dementias charac-
terized by focal atrophy of frontal and anterior tempo-
ral regions. Recent epidemiological studies suggest that
FTD is the second commonest cause of dementia in
persons younger than 65 years.1 Interest in the disease
has increased greatly over the past decade since the
identification, in some familial cases, of mutations in
the gene for tau protein.2

Definitive diagnosis of FTD requires neuropatholog-
ical examination, and, to date, few clinicopathological
series have been reported.3,4 Unlike other dementia
syndromes, notably Alzheimer’s disease (AD), FTD en-
compasses considerable pathological heterogeneity.
Three broad subdivisions have been recognized, de-
pending on the profile of immunohistochemical stain-
ing and the pattern of intracellular inclusions.5–8 The
first subdivision is cases with tau-positive pathology;
these, in turn, comprise several subvariants: those with
classic argyrophilic, tau-positive, intraneuronal Pick
bodies (Pick’s disease [PiD]); those with tau gene mu-
tations (FTDP-17) and diffuse tau-positive neuronal

and astrocytic immunoreactivity; those characterized by
tau-positive astrocytic plaques and ballooned achro-
matic neurons (corticobasal degeneration [CBD]), and
those with tau-positive argyrophilic grain disease
(AGD). The second and third subdivisions are cases
with tau-negative, ubiquitin-positive inclusions in the
dentate gyrus and in the brainstem motor nuclei (FTD
with motor neuron inclusions [FTD-MND]) and de-
mentia lacking distinctive histology (DLDH).

Two major clinical presentations of FTD have been
recognized for some time and appear to depend on the
initial locus, but not the type, of neuropathology.9,10

In frontal or behavioral variant (fvFTD), the over-
whelming clinical problem is one of progressive per-
sonality change including disinhibition, loss of empa-
thy, change in eating patterns, ritualized or
stereotypical behavior, and apathy.11 The aphasic vari-
ant can be further subdivided into progressive fluent or
nonfluent aphasia, the focus of pathology being tem-
poral or frontal (perisylvian), respectively. In the fluent
form, there is progressive loss of the knowledge base
underlying language, leading many authorities to adopt
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the term semantic dementia (SD) to encapsulate this
syndrome.12,13 The nonfluent form is characterized by
breakdown in the phonological and syntactic compo-
nents of language.14,15 It has become increasingly ap-
parent that either behavioral or aphasic symptoms may
be associated with motor neuron disease, typically pre-
ceding the motor problems.16 Finally, there is growing
awareness of the overlap between the clinical features
of CBD (asymmetric parkinsonism, apraxia, myoclo-
nus, etc) and FTD.17 In summary, five main clinical
syndromes have been consistently associated with FTD
pathology: fvFTD, SD, progressive nonfluent aphasia
(PNFA), FTD-MND, and CBD.

Although the clinical, neuropsychological, and radio-
logical features of these syndromes have been described
in detail, several issues remain unresolved. First, the
proportion of FTD cases, defined by the gold standard
of neuropathology, conforming to the discrete clinical
categories is not known. Second, the degree to which
clinical and pathological FTD subforms co-occur is un-
clear. Third, with relevance for in vivo diagnosis, anal-
ysis of the clinical features in FTD by pathological sub-
form has not been attempted previously. Such issues
are likely to become increasingly important as therapies
targeting cellular pathology emerge. Their elucidation
requires the study of many cases, possible only with
cross-center collaboration.

This study aims to examine presenting clinical fea-
tures of a large series of pathologically proven FTD
and to identify any in vivo features that may assist in
diagnosing a particular pathological subform of FTD.

Subjects and Methods
Cases were selected from two neuropathological series of pa-
tients with dementia in Sydney, Australia, and Cambridge,
England. Both series were collected as part of multidisciplinary
research programs closely linked to specialist tertiary referral
dementia clinics.8 In both centers, every attempt was made to
enroll patients with dementia into the brain donor program
with a 90% success rate in obtaining “declarations of intent”
for brain tissue donation in life. Over a 10-year period (Janu-
ary 1992–2002), similar numbers of cases were collected at the
two centers (Sydney, 125; Cambridge, 105). The research pro-
grams were approved by the Human Ethics Committees of the
Universities of Sydney and New South Wales and the Adden-
brooke’s Hospital Local Ethics Committee.

In Sydney, the entire brain was fixed by suspension in
15% buffered formalin for two weeks. In Cambridge, autop-
sies were performed within 48 hours, and the cerebrum was
bisected with the left half fixed in formalin and the right half
frozen. The cerebrum was either embedded in agar and cut
into 3mm-thick coronal slices using a rotary slicer (Sydney)18

or hand cut coronally in 5mm slices (Cambridge).
Despite differences in whole-brain handling between the

centers, histopathological methods have been standardized
for this study. In both centers, tissue samples were taken
from the frontal (Brodmann area 9), temporal (area 20), pa-
rietal (area 39), occipital (areas 17 and 18), and anterior cin-

gulate (area 24) cortices, as well as from the hippocampus at
the level of the lateral geniculate nucleus, amygdala, anterior
and posterior basal ganglia (including the basal forebrain),
thalamus, hypothalamus, midbrain, pons, medulla oblongata,
and cerebellum. Sections from all regions were stained for
routine screening using currently recommended diagnostic
protocols for AD,19 dementia with Lewy bodies,20 progres-
sive supranuclear palsy,21 and multiple system atrophy.22

Standard stains used included hematoxylin and eosin, Congo
red, and the modified Bielschowsky silver stain, whereas im-
munohistochemistry was performed using antibodies against
ubiquitin (Z0458 diluted 1:200; Dako, Glostrup, Denmark),
tau (T5530 diluted 1:10,000; Sigma, St. Louis, MO, or
mAb 11.57 courtesy of Laboratory of Molecular Biology,
Cambridge, UK), and �-synuclein (18-0215, Zymed Labo-
ratories, San Francisco, CA; or SA3400 diluted 1:200, Af-
finiti Research Products, Mamhead, Exeter, UK). Cases were
excluded if they met pathological criteria for AD19 or de-
mentia with Lewy bodies20 or had macroscopic infarction or
significant subcortical pathologies, such as multiple system
atrophy22 or progressive supranuclear palsy.21

Neuropathological Classification
All cases were classified according to the presence or absence
of immunoreactive inclusions or staining patterns into two
broad categories (tau-positive cases and tau-negative cases,
see definitions below). Interrater reliability studies were un-
dertaken on 22 cases using percentage agreement (sensitivity)
and weighted kappa statistics to determine the level of diag-
nostic agreement.23

Tau-positive cases included (1) cases with classic PiD (Fig
1A) defined on the basis of silver- and tau-positive Pick bod-
ies in the cerebral cortex, amygdala, or hippocampus; and (2)
cases with tau-positive pathology but lacking classic Pick
bodies. These cases fell into two subgroups: (1) CBD (see
Fig 1B, C) characterized by the presence of cortical achro-
matic ballooned neurons, tau-positive glia, threads, and as-
trocytic plaques; and (2) AGD (see Fig 1D) characterized by
numerous tau-positive argyrophilic grains and coiled bodies
in the hippocampus and neocortex.

Tau-negative cases included (1) FTD-MND cases (see Fig
1E, F) characterized by ubiquitin-positive, tau-negative in-
clusions in brainstem motor nuclei and/or hippocampus; and
(2) cases lacking any of the above distinctive features with
neuronal loss, gliosis, and vacuolation in frontal and/or tem-
poral cortices, but no silver, tau, or ubiquitin-positive intra-
neuronal inclusions or pathology (DLDH, see Fig 1G).

Clinical Classification
A retrospective review of the full medical records was con-
ducted by one of two behavioral neurologists with expertise
in the dementias (Sydney, J.R.H.; Cambridge, R.R.D.), who
were unaware of the pathological diagnosis and had not been
involved in the patients’ management. Particular attention
was paid to the first clinical assessment and diagnosis, the
date of diagnosis, and onset of symptoms as reported by the
family (there was a discrepancy of up to 10 years). We re-
viewed all charts looking for clinical features characteristic of
one of the clinical variants of FTD9 at presentation, or
within 6 months of it: (1) changes in personality and social
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behavior, specifically apathy, disinhibition, stereotypic behav-
iors, alterations in food preference, and poor self-care; (2)
dysexecutive features, specifically poor planning, forethought,
reasoning, or organization; (3) disorders of language and
communication, including features of SD (fluent speech with

marked anomia and impaired word comprehension) or non-
fluent aphasia (disrupted speech output with phonological
and/or syntactic errors); (4) extrapyramidal motor signs, no-
tably rigidity, akinesia, or apraxia; (5) features of bulbar or
spinal motor neuron disease. Special note was also made of

Fig 1. Representative micrographs showing the histopathological features of tau-positive and tau-negative cases. (A) Tau immunohis-
tochemistry counterstained with cresyl violet in the hippocampal dentate gyrus of a Pick’s disease (PiD) case showing tau-positive
Pick bodies. (B, C) Tau immunohistochemistry counterstained with cresyl violet in the orbitofrontal cortex of a case with cortico-
basal degeneration (CBD) showing neuropil threads and astrocytic plaques (B). Tau-positive ballooned neurons and neuroglia are
also pathological features of CBD (C). (D) Tau immunohistochemistry counterstained with cresyl violet in the neocortex of a case
with AGD showing argyrophilic grains and a coiled body. (E, F) Ubiquitin (E) and tau (F) immunohistochemistry counterstained
with cresyl violet in the dentate gyrus of a case with FTD-MND showing ubiquitin-positive, tau-negative motor neuron inclusions.
(G) Hematoxylin and eosin–stained section from the inferior temporal lobe of a dementia lacking distinctive histology case. Severe
neuronal loss and gliosis are prominent features and microvacuolation is visible in layer II. These cases are unique in their absence
of silver-, tau- or ubiquitin-positive intraneuronal inclusions or pathology.
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features regarded as uncharacteristic of FTD including (1)
prominent complaints of poor memory; (2) psychotic symp-
toms (hallucinations or delusions); and (3) visuospatial fea-
tures such topographical disorientation.

Family history was regarded as positive if a first-degree rel-
ative had suffered from a disorder within the FTD spectrum.

Based on the five main clinical syndromes outlined in the
introduction, we classified cases into those with fvFTD, SD,
and PNFA according to the consensus criteria.9 Patients were
classified as FTD-MND if they presented with behavioral
changes and developed bulbar symptoms accompanied by
fasciculation within 12 months. Patients were classified as
CBD if their main symptoms included limb apraxia, gait dis-
turbance, or parkinsonism.24 Of note was a small subgroup
(n � 5) that could not be accommodated within this classi-
fication, all presenting with severe memory loss. As all sub-
sequently developed behavioral changes, they were grouped
with the fvFTD cases (further discussion below).

Statistical Analysis
Statview (Abacus, Berkeley, CA) was used to calculate all sta-
tistical analyses. Means and standard deviations were calcu-
lated for all variables, and a p value of less than 0.05 was
considered the level of significance.

Results
Reliability of Pathological Diagnosis
Interrater reliability of pathological diagnosis among the
FTD subtypes compared with other common dementia
syndromes has not been tested previously. To test the
reliability of diagnosis across centers, we selected 22 cas-
es: 18 FTD cases included in the study (8 from Sydney,
10 from Cambridge) and 4 cases not in the study (ex-
cluded because of other tau-positive dementia syn-
dromes, 2 from Sydney, 2 from Cambridge; 3 with AD,
1 with progressive supranuclear palsy). The percentage
agreement for a diagnosis of tau-positive FTD (N � 8)
was 100% and for tau-negative FTD (N � 10) was
100%. Incorporating excluded cases in the analysis gave
near perfect diagnostic agreement across all cases (� �
0.92). Of the 61 FTD cases included in the study, 31
had tau-positive inclusions (20 PiD, 9 CBD, 2 AGD)
and 30 were tau-negative (16 FTD-MND, 14 DLDH).

Demographic Details
Basic demographics for the 61 cases, divided according
to pathological subtype, are shown in Table 1. The
mean age at symptom onset, diagnosis, and death for
the total group were 58.5 (� 7.7), 61.5 (� 7.6), and
65.6 (� 8.7), respectively. In view of the relatively low
numbers in the individual subgroups, we compared
those with and without tau-positive pathology. The
tau-positive group were consistently older at all time
points, with significant differences in their age at diag-
nosis (64.3 � 6.8 vs 58.6 � 7.3; t [df59] � 3.14, p �
0.01) and death (69.4 � 8.1 vs 61.7 � 7.6, t[df59] �
3.8, p � 0.001). The difference at symptom onset
(60.3 � 7.3 vs 56.6 � 7.9, t[df59] � 1.8, p � 0.06)
failed to reach significance. Table 1 shows that this age
trend was maintained across each of the pathological
subtypes.

A breakdown of the age at diagnosis according to
pathological subgroup is shown in Figure 2. Of note is
the fact that 39 (64%) presented younger than age 65
years. The majority were between 50 and 69 (84%),
but six patients (10%) were older than 70 years at di-
agnosis. The total group contained a preponderance of
men (36) over woman (25). Comparison of the tau-
positive and tau-negative cases showed almost exactly
the same ratios of men to women: positive 18 to 13
and negative 17 to 13. Overall, 20 of the 61 patients
had a positive family history (33%); these were distrib-
uted evenly across pathological subtypes (see Table 1).

Clinical Details, Classification, and In Vivo
Diagnoses
Analysis of the presenting clinical features showed that
the commonest symptom overall was change in person-
ality or social conduct, present in 55 (90%) of cases.
Dysexecutive and language-related symptoms were also
very common, occurring in 54% and 56% of cases,
respectively. Surprisingly, reports of memory impair-
ment also were reported in most cases (57%) and, in a
small subgroup (n � 5, 8%), represented the dominant
presenting symptom. This group developed behavioral
changes over 1 to 4 years of follow-up, but these fea-

Table 1. Demographic Details according to Pathological Diagnosis

Characteristic PiD Tau-positive non PiD FTD-MND DLDH Total

N 20 11 16 14 61
Sex M/F 11/9 7/4 12/4 5/9 35/26
Age at symptom onset, yr

(standard deviation) 60.5 (6.9) 60.0 (8.1) 58.5 (7.2) 54.5 (8.3) 58.5 (7.7)
Age at diagnosis, yr 64.8 (6.4) 63.4 (7.8) 59.8 (7.4) 57.2 (7.4) 61.5 (7.6)
Age at death, yr 70.6 (7.7) 67.2 (8.7) 62.2 (8.0) 61.2 (7.3) 65.6 (8.7)
Positive family history 7 5 4 4 20 (33%)

PiD � Pick’s disease; FTD-MND � frontotemporal dementia with motor neuron inclusions; DLDH � dementia lacking distinctive histology.
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tures were absent at presentation. Extrapyramidal signs
were found in 30% of cases. Nine patients (15%) de-
veloped signs of, predominantly bulbar, MND within
12 months of presentation.

Major psychiatric symptoms (delusions and hallucina-
tions) were rare, occurring in only eight patients (13%).
Features of visuospatial or perceptual impairment such
as misreaching for objects, spatial disorientation, or per-
ceptual alterations were strikingly absent in the cohort.

The fact that most patients had a combination of
symptoms made it impossible to categorize on a straight-
forward inclusion-exclusion basis. Instead, consideration
of the dominant symptom(s) was required. The clinical
files were reviewed again with this in mind. The largest
subgroup comprised those with predominant behavioral
changes (fvFTD � 26, 42.6%). This subgroup included
the five patients in whom amnesia had been the domi-
nant symptom at presentation (see below). Nine patients
(14.75%) fulfilled diagnostic criteria for SD; eight
(13.1%) had PNFA. In both SD and PNFA subgroups,
behavioral features were relatively minor and consisted
mainly of apathy in PNFA and stereotypic behaviors in
SD. Nine (14.75%) were classified as FTD-MND and
nine (14.75%) as CBD. Most of FTD-MND and CBD
patients had mixed behavioral-dysexecutive-aphasic
symptoms (Table 2). Apart from the CBD group, extra-
pyramidal signs were unusual at presentation.

Because all cases had been evaluated in specialist
centers, we were interested in their clinician’s in vivo
diagnoses. All patients exhibiting classic features of SD
and PNFA had been diagnosed in life with progressive
aphasia. All nine with FTD-MND also received diag-
nosis as such within 12 months of presentation, al-
though they initially had mixed behavioral/language
symptoms and only subsequently developed bulbar and
upper limb signs of MND. Of the nine patients in the
CBD category, just three had been diagnosed with
CBD in life. Three had been considered to have FTD
or AD with unusually pronounced motor features.
Falls and gait instability were prominent, leading to a

diagnosis of progressive supranuclear palsy in the re-
maining three. Only five had marked apraxia at pre-
sentation, with mild apraxia in an additional three. Of
the 26 remaining fvFTD cases, 21 had received a di-
agnosis of fvFTD. Of particular interest is the sub-
group of five patients in whom amnesia was the pre-
senting symptom. In two cases, memory loss was
accompanied at presentation by apathy but no other
behavioral changes, and two had prominent dysexecu-
tive symptoms. In one, memory loss was isolated. In
these five cases, local specialist teams (understandably)
diagnosed AD and two had entered anticholinesterase
drug trials. All five later developed behavioral features,
and, in three, the diagnosis was later revised to fvFTD.

Clinicopathological Correlations
Comparison of pathological and clinical subtypes is
shown in Table 3. Considered in terms of the clinical
syndrome at presentation, clear trends emerge in three of
the five clinical groups. Of those with a clinical diagnosis
of FTD-MND, all nine (100%) had ubiquitin-positive
FTD-MND pathology. Of the nine patients with clini-
cal CBD, seven (77.7%) had all of the pathological hall-
marks of CBD, one had ubiquitin-positive (FTD-
MND) pathology, and one had AGD. Most patients
with PNFA (six of eight; 75%) had tau-positive PiD. In
contrast, the pathology in fvFTD and SD was unpre-
dictable. Of the 26 fvFTD patients, 14 (54%) had tau-
positive and 12 (46%) tau-negative pathology (see Table
3). A comparison of the age at diagnosis and at death of
the tau-positive and tau-negative fvFTD confirmed that
those with tau-positive pathology were significantly older
at the time of diagnosis (53.7 � 7.2 vs 61.7 � 6.0,
t[df24] � 3.2, p � 0.01) and at death (59.4 � 7.1 vs
69.3 � 6.9, t[df24] � 3.5, p � 0.01). The subgroup of
five cases with amnesia also had varied pathology (one
ubiquitin-positive, two DLDH, and two PiD).

Discussion
Most of the cases assessed in this survey of clinical and
pathological FTD subtypes presented with symptoms
recognized as falling within the FTD spectrum. A few
(n � 5) had isolated amnesia and thus resembled early
AD; the greater number, however, were notable for
manifesting combined behavioral, dysexecutive, and
language-related symptoms. The occurrence of com-
bined features in so many cases tends to undermine
current classifications based on inclusion-exclusion
checklists: patients may meet criteria for more than one
FTD variant. A heuristic approach, based on the dom-
inant symptom type in an individual patient, may be
more appropriate. For example, in this survey, cases
were readily identified as either SD or PNFA, although
most had concomitant behavioral symptoms. In the lit-
erature, whereas earlier reports focused on neurolin-
guistic and cognitive features in SD and PNFA,12,13

Fig 2. Age at presentation (by decade) of tau-positive and
tau-negative cases: tau-positive cases were older at presentation.
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recent surveys have shown a high prevalence of behav-
ioral changes, particularly in SD.11,25 Nonetheless, in
arguing against a clinical classification where behavioral
and aphasic variants of FTD are mutually exclusive,
the observed continuum of symptoms emphasizes the
coherence of the FTD concept.

A key finding was that, in many situations, the patho-
logical features of FTD can be predicted in life. Thus, all
patients with the syndrome of FTD-MND in life had
ubiquitin-positive FTD-MND pathology at postmortem
examination.26–28 Similarly, when clinical criteria for
CBD had been fulfilled, tau-positive CBD pathology
was overwhelmingly likely. A novel finding was that pa-
tients with PNFA tended to have tau-positive PiD pa-
thology. In contrast, the syndrome of SD often was as-
sociated with tau-negative pathology. Interestingly, four
of the SD patients had ubiquitin-positive FTD-MND
inclusions, although clinical features of MND had not
been evident in life.29 The pathology of fvFTD was un-
predictable; approximately equal numbers were tau-
positive (14) and tau-negative (12).

Patients classified from review of the case notes as
having CBD had all presented with prominent motor
features (apraxia and/or akinetic-rigid syndrome), but
only three cases were diagnosed with CBD in life.
Marked behavioral and cognitive symptoms led to a di-
agnosis of fvFTD in two and AD in one patient, al-
though the unusual degree of motor disturbance had

been documented. Falls and/or abnormalities of extraoc-
ular movements led to a diagnosis of progressive su-
pranuclear palsy in three others. It should be recalled,
however, that recruitment into the Cambridge and Syd-
ney brain banks started in the early 1990s, when the
syndrome of CBD was less well recognized, still less its
nonmotor features.30,31 CBD pathology was present in
seven of these nine patients (78%) with one each having
FTD-MND and DLDH. This degree of pathological
heterogeneity has been reported previously.32

Although the clinical features of AGD have not been
fully elucidated, there is evidence to support the inclu-
sion of AGD as a tauopathy based on its clinical,
pathological, and biochemical profile.33–36 Some pa-
tients demonstrate clinical and pathological features
(atrophy, neuronal loss, astrocytosis, and cortical mi-
crovacuolar change) consistent with FTD.33,37 This is
most commonly restricted to the temporal lobe,38 but
similar changes have been found diffusely.37 In addi-
tion, AGD has been shown to coexist with CBD and
other tauopathies with 41% of CBD and 19% of PSP
having AGD.34 In our series, one patient with argyro-
philic grains clinically had classic fvFTD, whereas the
other had features of CBD with some behavioral
changes, but without the pathological features of CBD.

Of considerable interest, the clinical syndromes of
CBD and PNFA both were associated with tau-positive
pathology. Recent clinical studies emphasize the clini-

Table 2. Distribution of Presenting Symptoms by Clinical Classification

Symptom fvFTD SD PNFA FTD-MND CBD Total

N 26 9 8 9 9 61
Behavior 21 6 6 9 8 55
Dysexecutive 17 0 0 9 7 33
Memory 16a 5 1 9 4 35
Aphasia 6 9 8 7 6 36
Extrapyramidal 5 0 1 3 9 18
MND 0 0 0 9 0 9
Psychosis 1 1 0 3 3 8

aPredominant feature in five case (see text).

fvFTD � frontal or behavioral variant of frontotemporal dementia; SD � semantic dementia; PNFA � progressive nonfluent aphasia; FTD-
MND � FTD with motor neuron inclusions; CBD � corticobasal degeneration.

Table 3. Correspondence between Clinical and Pathological Classification

PiD Tau-positive Non-PiD FTD-MND DLDH Total

fvFTD 11 3 2 10 26
SD 3 — 4 2 9
PNFA 6 1 — 1 8
FTD-MND — — 9 — 9
CBD — 7 1 1 9
Total 20 11 16 14 61

PiD � Pick’s disease; FTD-MND � frontotemporal dementia, with motor neuron inclusions; DLDH � dementia lacking distinctive histol-
ogy; fvFTD � frontal or behavioral variant of FTD; SD � sematic dementia; PNFA � progressive nonfluent aphasia; CBD � corticobasal
degeneration.
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cal overlap between these syndromes.39 Many patients
with CBD develop progressive language output disor-
der with prominent dysgraphia.40 Similarly, patients
with PNFA may develop apraxic difficulties.40 Previous
neuropathological studies in PNFA have emphasized
the lack of distinctive histopathology in most cases. In-
deed, Snowden and colleagues41 state, “all cases of pro-
gressive aphasia in our series have been associated with
microvacuolar change, rather than tau-positive inclu-
sion pathology.” In a review of primary progressive
aphasia (PPA), Mesulam42 asserted that the single most
common pathological process associated with PPA is
focal degeneration characterized by neuronal loss, glio-
sis, and mild spongiform changes within superficial
cortical layers, referred to as “dementia lacking distinc-
tive histological features.” Typical tau-positive argyro-
philic Pick bodies was said to occur in 20% of cases.
Direct comparisons are difficult, however, because of
differing terminologies: Mesulam’s term, PPA, corre-
sponds most closely to PNFA but may be applied to
some SD-like cases. A major problem is that most cases
were reported before the explosion of interest in the
molecular neuropathology of FTD and the widespread
use of immunohistochemical staining methods.

One surprising finding was the older age, both at di-
agnosis and at death, of the tau-positive cases. Those
with tau-positive pathology were, on average, 10 years
older than those with tau-negative pathology. A parallel
study of the same patient group has shown that survival
is also significantly longer in these tau-positive cases.8

This finding has implications for understanding the neu-
robiological basis of FTD and suggests that tau-positive
pathology may be related to a slower rate of cell death.

Another unexpected finding was the very high preva-
lence of memory symptoms reported by family mem-
bers. Close scrutiny of the FTD literature, however, sug-
gests that our finding of severe amnesia as an initial
feature is not without precedent. For instance, a case
study of a Japanese patient with a novel tau gene muta-
tion described an onset with amnesia and disorientation
without personality change.43 Two of six PiD cases re-
ported recently by Tsuchiya and colleauges44 presented
with amnesia and received clinical diagnoses of AD. A
recent clinicopathological study of FTD also emphasized
the high frequency of memory complaints.3 Similarly,
an analysis of presenting symptoms in 44 patients with
FTD (10 with pathological verification) showed that
memory loss was the commonest initial symptom (62%)
as reported by caregivers in response to the question,
“what was the first symptom of the illness?” In contrast,
29% reported speech disturbance and 35% personality
change as the first symptom.45 In AD, memory loss is
almost always reported as the first symptom. The con-
sensus report on FTD include early severe amnesia
among the exclusion criteria.9 Other features regarded as
excluding FTD,9 notably visuospatial and perceptual

symptoms, were indeed absent in our series, confirming
the functional integrity of posterior brain regions early
in the course of the disease.

In summary, patients with tau-positive pathology
tend to be older than those without tau pathology. In
fvFTD, pathology is unpredictable. In addition to the
established pathological correlates in the motor variants
of FTD, FTD-MND with tau-negative FTD-MND
inclusions and CBD with tau-positive pathology lack-
ing Pick bodies, we have found that patients with
PNFA tended to have pathological PiD. The study es-
tablishes that the pathological substrate can be pre-
dicted for a significant proportion of FTD cases: this
has important implications for studies targeting mech-
anistic treatments.

This work was supported by the Wellcome Trust (Clinical Training
Fellowship, 066511/2/01/2, R.R.D.), the Medical Research Council
(Programme Grant, G9724461, J.R.H.), and the National Health
and Medical Research Council of Australia (Project Grant, 301964,
157212, J.J.K., G.M.H.).

We thank all the families for their support and generous donation
of brain tissue, Drs H. Creasey and T. Broe for providing clinical
details, the laboratory staff at Prince of Wales Medical Research In-
stitute for laboratory assistance, and H. Cartwright for the figure
work. A. O’Sullivan and R. Hills provided invaluable help in ob-
taining and processing brain tissue; K. Dawson and L. McDonald
supported the families.

References
1. Ratnavalli E, Brayne C, Dawson K, Hodges JR. The prevalence

of frontotemporal dementia. Neurology 2002;58:1615–1621.
2. Goedert M, Crowther RA, Spillantini MG. Tau mutations

cause frontotemporal dementias. Neuron 1998;21:955–958.
3. Rosen HJ, Hartikainen KM, Jagust W, et al. Utility of clinical

criteria in differentiating frontotemporal lobar degeneration
(FTLD) from AD. Neurology 2002;58:1608–1614.

4. Raskovsky K, Salmon DP, Ho GJ, et al. Cognitive profiles dif-
fer in autopsy-confirmed frontotemporal dementia and AD.
Neurology 2002;58:1801–1808.

5. Dickson DW. Pick’s disease: a modern approach. Brain Pathol
1998;8:339–354.

6. Jackson M, Lowe J. The new neuropathology of degenerative
frontotemporal dementias. Acta Neuropathol 1998;91:127–134.

7. McKhann GM, Albert MS, Grossman M, et al. Clinical and
pathological diagnosis of frontotemporal dementia: report of
the Work Group on Frontotemporal Dementia and Pick’s Dis-
ease. Arch Neurol 2001;58:1803–1809.

8. Hodges JR, Davies R, Xuereb J, et al. Survival in frontotempo-
ral dementia. Neurology 2003;61:349–354.

9. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar
degeneration: a consensus on clinical diagnostic criteria. Neu-
rology 1998;51:1546–1554.

10. Hodges JR, Miller BL. The classification, genetics and neuro-
pathology of frontotemporal dementia (FTD). Introduction to
the special topic papers: part I. Neurocase 2001;7:31–35.

11. Bozeat S, Gregory CA, Lambon Ralph MA, Hodges JR. Which
neuropsychiatric and behavioural features distinguish frontal and
temporal variants of frontotemporal dementia from Alzheimer’s
disease? J Neurol Neurosurg Psychiatry 2000;69:178–186.

Hodges et al: FTD Subtypes 405



12. Hodges JR, Patterson K, Oxbury S, Funnell E. Semantic
dementia: progressive fluent aphasia with temporal lobe atro-
phy. Brain 1992;115:1783–1806.

13. Snowden JS, Goulding PJ, Neary D. Semantic dementia: a
form of circumscribed cerebral atrophy. Behav Neurol 1989;2:
167–182.

14. Nestor PJ, Graham NL, Fryer TD, et al. Progressive non-fluent
aphasia is associated with hypometabolism centered on the left
anterior insula. Brain 2003;126:2406–2418.

15. Grossman M. Frontotemporal dementia: a review. J Int Neu-
ropsychol Soc 2002;8:566–583.

16. Bak T, Hodges JR. Motor neurone disease, dementia and apha-
sia coincidence, co-occurrence or continuum? J Neurol 2001;
248:260–270.

17. Kertesz A, Martinez-Lage P, Davidson W, Munoz DG. The
corticobasal degeneration syndrome overlaps progressive aphasia
and frontotemporal dementia. Neurology 2000;55:1368–1375.

18. Broe M, Hodges JR, Schofield E, et al. Staging disease severity
in pathologically confirmed cases of frontotemporal dementia.
Neurology 2003;60:1005–1011.

19. The National Institute on Aging and Reagan Institute Working
Group on Diagnostic Criteria for the Neuropathological Assess-
ment of Alzheimer’s Disease. Consensus recommendations for
the postmortem diagnosis of Alzheimer’s disease. Neurobiol Ag-
ing 1997;18:S1–S2.

20. McKeith IG, Galasko D, Kosaka K, et al. Clinical and patho-
logical diagnosis of dementia with Lewy bodies (DLB): report
of the Consortium on Dementia with Lewy Bodies (CDLB)
international Workgroup. Neurology 1996;47:1113–1124.

21. Dickson DW. Neuropathologic differentiation of progressive
supranuclear palsy and corticobasal degeneration. J Neurol
1999;246(suppl 2):6–15.

22. Lantos PL, Papp MI. Cellular pathology of multiple system
atrophy: a review. J Neurol Neurosurg Psychiatry 1994;57:
129–133.

23. Landis JR, Koch GG. An application of hierarchical kappa-type
statistics in the assessment of majority agreement among mul-
tiple observers. Biometrics 1977;33:363–374.

24. Litvan I, Agid Y, Goetz C, et al. Accuracy of the clinical diag-
nosis of corticobasal degeneration: a clinicopathologic study.
Neurology 1997;48:119–125.

25. Bathgate D, Snowden JS, Varma A, et al. Behaviour in fronto-
temporal dementia, Alzheimer’s disease and vascular dementia.
Acta Neurol Scand 2001;103:367–378.

26. Okamoto K, Hirai S, Yamazaki T, et al. New ubiquitin-positive
intraneuronal inclusions in the extra-motor cortices in patients
with amyotrophic lateral sclerosis. Neurosci Lett 1991;129:
233–236.

27. Yaguchi M, Okamoto K, Nakazato Y. Frontotemporal demen-
tia with cerebral intraneuronal ubiquitin-positive inclusions but
lacking lower motor neuron involvement. Acta Neuropathol
2003;105:81–85.

28. Mackenzie IRA, Feldman H. The relationship between extramo-
tor ubiquitin-immunoreactive neuronal inclusions and dementia
in motor neuron disease. Acta Neuropathol 2003;105:98–102.

29. Rossor MN, Revesz T, Lantos PL, Warrington EK. Semantic
dementia with ubiquitin-positive tau-negative inclusion bodies.
Brain 2000;123:267–276.

30. Gibb WRG, Luthert PJ, Marsden CD. Corticobasal degenera-
tion. Brain 1989;112:1171–1192.

31. Rinne JO, Lee MS, Thompson PD, Marsden CD. Corticobasal
degeneration: a clinical study of 36 cases. Brain 1994;117:
1183–1196.

32. Boeve BF, Maraganore DM, Parisi JE, et al. Pathological het-
erogeneity in clinically diagnosed corticobasal degeneration.
Neurology 1999;54:795–800.

33. Tsuchiya K, Mitani K, Arai T, et al. Argyrophilic grain disease
mimicking temporal Pick’s disease: a clinical, radiological, and
pathological study of an autopsy case with a clinical course of
15 years. Acta Neuropathol 2001;102:195–199.

34. Togo T, Cookson N, Dickson DW. Argyrophilic grain disease:
neuropathology, frequency in a dementia brain bank and lack of
relationship with apolipoprotein E. Brain Pathol 2002;12:45–52.

35. Jellinger KA. Dementia with grains (argyrophilic grain disease).
Brain Pathol 1998;8:377–386.

36. Togo T, Sahara N, Yen S-H, et al. Agyrophilic grain disease is
a sporadic 4-repeat tauopathy. J Neuropathol Exp Neurol 2002;
61:547–556.

37. Maurage C-A, Sergeant N, Schraen-Maschke S, et al. A diffuse
form of agyrophilic grain disease: a new variant of four-repeat
tauopathy different from limbic argyrophilic grain disease. Acta
Neuropathol 2003;106:575–583.

38. Braak H, Braak E. Argyrophilic grain disease: frequency of oc-
currence in different age categories and neuropathological diag-
nostic criteria. J Neural Transmission 1998;105:801–819.

39. Graham NL, Patterson K, Bak T, Hodges JR. Language func-
tion and dysfunction in corticobasal degeneration. Neurology
2003;61:493–499.

40. Kertesz A, Munoz DG. Pick’s disease and Pick complex. New
York: Wiley-Liss, 1998.

41. Snowden JS, Neary D, Mann D. Frontotemporal lobar
degeneration: frontotemporal dementia, progressive aphasia, se-
mantic dementia. New York: Churchill Livingstone, 1996.

42. Mesulam MM. Primary progressive aphasia. Ann Neurol 2001;
49:425–432.

43. Hayashi S, Toyoshima Y, Hasegawa M, et al. Late-onset fron-
totemporal dementia with a novel exon 1 (Arg5His) tau gene
mutation. Ann Neurol 2002;51:525–530.

44. Tsuchiya K, Ikeda M, Hasegawa K, et al. Distribution of cere-
bral cortical lesions in Pick’s disease with Pick bodies: a clini-
copathological study of six autopsy cases showing unusual clin-
ical presentations. Acta Neuropathol 2001;102:553–571.

45. Binetti G, Locascio JJ, Corkin S, et al. Differences between
Pick disease and Alzheimer disease in clinical appearance and
rate of cognitive decline. Arch Neurol 2000;57:225–232.

406 Annals of Neurology Vol 56 No 3 September 2004


