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Abstract

Background Pick’s disease (PiD) is a unique subtype of frontotemporal lobar degeneration characterized pathologically by
aggregates of 3-Repeat tau. Few studies have examined the clinical variability and disease progression in PiD. We describe
the clinical features, neuropsychological profiles and coexistent pathologies in 21 cases of autopsy-confirmed PiD.
Methods This study was a retrospective analysis of patients with Pick’s disease evaluated at Mayo Clinic, Rochester or
Jacksonville (1995-2018), and identified through an existing database.

Results Twenty-one cases with sufficient clinical data were identified. Behavioral variant FTD (bvFTD; 12/21) was the most
common phenotype, followed by primary progressive aphasia (PPA; 7/21), corticobasal syndrome (CBS; 1/21) and amnestic
dementia (1/21). Median age at disease onset was 54 years, with PPA cases (median =52 years) presenting earlier than bvFTD
(median =59). Median disease duration (onset—death) overall was 10 years and did not differ significantly between bvFTD
(median=9.5 years) and PPA (median =13). Age at death was not significantly different in PPA (median =66) compared to
bvFTD (median=68.5). A third of the cases (n="7/21) demonstrated pure PiD pathology, while the remainder showed co-
existent other pathologies including Alzheimer’s type (n=6), cerebral amyloid angiopathy (n =3), combined Alzheimer’s
and amyloid angiopathy (n=4), and Lewy body disease (n=1).

Conclusions Our study shows that bvFTD and PPA are the most common clinical phenotypes associated with PiD, although
rare presentations such as CBS were also seen. Coexisting non-Pick’s pathology was also present in many cases. Our study
highlights the clinical and pathologic heterogeneity in PiD.
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Introduction

Frontotemporal dementia (FTD) refers to a spectrum of clin-
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30-33 amino acid repeats in the microtubule binding domain
of the tau (known as a 3R tauopathy). Select few studies
have examined the clinical features of patients with PiD.
The largest clinical series of autopsy-confirmed PiD to date
reported that the most common clinical phenotypes of PiD
were behavioral variant FTD (bvFTD) and language variant
FTD [3, 4], but the small number of well-studied autopsied
cases leaves uncertainty with respect to the clinical presenta-
tions and clinical course of PiD. Since FTLD-motor neuron
disease (MND), which is characterized by FTD-TDP-43, and
a language predominant phenotype predicts shorter survival
than behavioral predominant phenotype [5], we aimed to
investigate differences in disease duration in PiD. The objec-
tive of our study was to describe the clinical phenotypes,
neuropsychologic profiles, and co-existent pathology in
autopsy-confirmed cases of PiD.

Methods
Study patients

This study, which was a retrospective review of the Mayo
Clinic, Rochester, MN and Jacksonville, FL pathology data-
base, identified 21 cases of PiD from 1995 to 2018. The
clinical notes were reviewed, and the following data were
extracted for each case: sex, age at disease onset (estimated
based on the patient’s medical records), age at clinical pres-
entation, disease duration, and age at death. Current diag-
nostic criteria for bvFTD and primary progressive aphasia
(PPA) [6, 7] were applied to the clinical evaluations retro-
spectively. Presence or absence of core and supporting fea-
tures (bvFTD or PPA presentation) were determined based
on available clinical information. Patients with PPA presen-
tation were further categorized into one of the established
PPA subtypes [7, 8].

Neuropsychological analysis

Neuropsychological profiles at presentation were obtained
from the chart where available. Global cognitive function
was assessed with the Mattis Dementia Rating Scale [9].
Executive function was measured with the Controlled Oral
Word Association Test (COWAT) [10] and Trail Making
Test part B [11]. Language function was assessed with
the Boston Naming Test [12] and Category Fluency [13].
Learning and memory were assessed with Auditory—Verbal
Learning Test (AVLT) [14] learning over trials and delayed
recall. Visuospatial functioning was assessed with the Judge-
ment of Line Orientation [15]. All scores were converted to
scaled scores based (mean=10; SD 3) on the Mayo Older
Adult Normative Studies (MOANS) [16]. For participants
below the MOANS age range (56 and above), the lowest age
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group was used to determine their scaled score. Cognitive
impairment was defined as greater than one standard devia-
tion below the mean, which equates to a scaled score of <6.
In some cases, neuropsychological testing was not reported,
because either it could not be completed due to the severity
of cognitive impairment upon presentation or it was unavail-
able in the medical record.

Pathology protocols

Postmortem investigations adhered to established institu-
tional laboratory and pathology protocols for brain bank-
ing and neuropathological investigation. All pathological
analysis was completed by neuropathologists. Brains were
collected at autopsy, weighed and fixed in 10% formalin,
before dissection. Tissue samples were taken from a variety
of neocortical areas including the superior frontal gyrus,
motor cortex, temporal cortex, parietal and calcarine cortex,
as well as anterior cingulate gyrus, hippocampus, amygdala,
entorhinal cortex, nucleus basalis of Meynert, and basal gan-
glia. Pick bodies were detected with immunohistochemistry,
with antibodies to tau (ATS8), 3R-tau, 4R-tau or silver stains
(Bielschowsky and Gallyas silver stains). Tissue samples
were also studied with hematoxylin/eosin stain, alpha-
synuclein and, TDP-43. Presence of co-pathologies was
abstracted from pathology reports.

Statistical methods

Group differences for continuous clinical and demographic
data were compared using nonparametric ¢ tests including
Wilcoxon rank sum test. Binary data were analyzed using
Chi-square tests (Fisher’s exact for cells if there were cells
with small numbers). Significance was set at p <0.05. Statis-
tical analyses were performed using JMP software (version
14.1.0; SAS Institute Inc., Cary, NC). Given small numbers,
results are reported as median, minimum, and maximum.

Results
Frequency of phenotypes

Behavioral variant frontotemporal dementia: Behavioral
variant FTD was diagnosed in 12 of 21 (57%) cases at pres-
entation. Ten cases (48%) met criteria for probable bvFTD,
retrospectively. Two cases had no neuroimaging data avail-
able, and they both met criteria for possible bvFTD by clini-
cal criteria. Behavioral disinhibition was present in 11 of 12
cases on presentation. Stereotyped or compulsive behaviors
were present in 7 of 12 cases. Early apathy was present in
8 of 12 cases. Five of 12 cases had loss of empathy upon
presentation, and hyperorality was present in 6 cases. An
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overall dysexecutive neuropsychological profile was present
in 8 of the 12 cases on presentation. Five of 12 cases also
developed aphasia features over the course of their disease.
Primary progressive aphasia: Primary progressive apha-
sia was diagnosed in 7 of the 21 cases of Pick’s disease
(33%). Three cases met diagnostic criteria for semantic vari-
ant PPA (svPPA) and 3 for agrammatic PPA (agPPA). All
three agPPA cases had apraxia of speech (AOS). One of
the seven cases did not have sufficient clinical information
to identify a subtype and was PPA-unclassified (PPA-U).
Three of the seven cases developed behavioral changes over
years of follow-up and 1 case developed progressive motor
features resembling a progressive supranuclear palsy pheno-
type during later stages. CBS phenotype: One patient pre-
sented with corticobasal syndrome (CBS). Age of onset in
this patient was 69 years. This patient had asymmetric pos-
tural tremor, limb apraxia, and limb rigidity. There was also
vertical supranuclear gaze palsy in this patient. Amnestic
phenotype: One patient presented with progressive amnesia
clinically thought to be Alzheimer’s dementia. Visuospatial
and language impairment appeared later. Behavioral deficits
were not present.

Demographic data

The median age of disease onset was 54 years (range 46,
77). Age at symptom onset was earlier in patients with
PPA compared to bvFTD presentation (52 vs 59; p=0.03).
Age at presentation was also noted to be slightly earlier in
PPA cases, but this did not reach statistical significance
(p=0.19). Median disease duration overall was 10 years
and did not differ significantly between bvFTD and PPA
cases. Age at death was not significantly different between
bvFTD and PPA (Table 1). There was no family history of
dementia in the 11 bvFTD cases, while 2 of the 7 PPA cases
had a family history of dementia. There was no family his-
tory of motor neuron disease or parkinsonism in any case.

None had mutations in common FTLD genes (MAPT, GRN
and C9orf72).

Neuropsychological profile

The neuropsychological results at the time of initial clini-
cal presentation for 15 of the 21 cases are summarized in
Table 2. Of participants for whom neuropsychological test-
ing was available, five individuals were below the MOANS
age range (1 bvFTD, 4 PPA). There was large variability
in time from symptom onset to neuropsychological testing.
Formal neuropsychological testing could not be completed
in 2 of 12 bvFTD and 3 of 7 PPA cases (2 agPPA and 1
svPPA) due to the severity of cognitive impairment.

One bvFTD and one PPA patient showed intact func-
tioning on a global measure of cognition (DRS-2) during
baseline testing. On measures of executive functioning, five
patients were impaired on a test of attention and set shifting
(Trails B), and eight demonstrated impaired lexical fluency
(COWAT). Both PPA cases who completed language testing
were impaired on measures of semantic fluency and audi-
tory comprehension, and one was impaired on confrontation
naming. Five bvFTD patients had impaired semantic fluency,
three had impaired naming, and one had impaired auditory
comprehension. Of those tested for whom AVLT data were
available, four bvFTD cases showed impaired learning and
five had impaired recall (with four unable to recall any of
the words). One PPA patient who completed the AVLT had
average performance. The single cases of CBS and AD both
demonstrated impaired memory. Performance on a measure
of visuospatial abilities (line orientation) was intact in all
cases.

Pathological subtypes

Of the 21 cases with Pick’s disease, 7 (33%) cases had pure
Pick’s pathology, while the other 14 cases had additional

Table 1 Demographic characteristics in 21 cases of autopsy-confirmed Pick’s disease

Phenotype TOTAL Range bvFTD (n=12) Range PPA (n=17) Range CBS (n=1) Amnestic
(n=21) Median Median phenotype
Median (n=1)

Sex (n) F'M 9/12 4/8 4/3 0/1 1/0

Onset age, years 54 46-77 59¢ 51-69 52¢ 46-63 69 77

Presentation age, years 60 48-80 64° 55-72 52° 49-67 72 80

Time to presentation, years 4 0-7 5 2-6 3 0-7 3 3

Disease duration, years 10 6-21 9.5¢ 8-18 13°¢ 6-15

Age at death, years 68 53-85 68.5¢ 62-83 66¢ 57-73 76 85

AD Alzheimer’s disease, bvFTD behavioral variant frontotemporal dementia, PPA primary progressive aphasia, CBS corticobasal syndrome

“Difference in age of onset between bvFTD and PPA (p =0.03), Wilcoxon nonparametric test

b¢d No significant difference in age at presentation, disease duration and age at death between bvFTD and PPA (p=0.19, 0.38 and 0.09 respec-

tively), Wilcoxon nonparametric test
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pathologies (Fig. 1). The most common co-existent pathol-
ogy was Alzheimer disease type pathology. Four cases with
Alzheimer’s-type pathology also had cerebral amyloid angi-
opathy (CAA). Three cases had CAA without Alzheimer’s
type pathology coexisting with Pick’s disease. Most cases
had low levels of Alzheimer-type pathology, while only two
cases showed intermediate level of Alzheimer-type pathol-
ogy (CBS and amnestic phenotype). The individual with the
amnestic phenotype had both severe Pick’s pathology com-
bined with Alzheimer-type pathology (Alzheimer disease
neuropathologic changes: A2, B3, C3) at autopsy. The CBS
case had coexistent limbic Lewy body pathology in addition
to Alzheimer’s disease pathology (Alzheimer disease neu-
ropathologic changes: A2, B3, C3). There was no statistical
difference in disease duration between cases with pure PiD
and those with co-pathology.

Table 3 summarizes the clinical phenotypes of autopsy-
confirmed Pick’s disease described in the literature. So far,
there have been two other case series dedicated to describ-
ing phenotypes in Pick’s disease [3, 4]. Other studies have

Fig.1 Coexistence of other
neurodegenerative patholo-
gies in primary pathological
Pick’s disease cases (N=21).
Co-pathology frequencies are
depicted in numbers (percent-
age in parenthesis) for all 21
cases where Pick’s disease was
the primary diagnosis. Amyloid
was the most common second-
ary pathology. Abbreviations:
AD = Alzheimer’s disease,
CAA =cerebral amyloid
angiopathy, LBD =Lewy body
disease

n=3 (14%)

described Pick’s disease as part of pathological studies of
language disorders, hippocampal atrophy or case studies [17,
18].

Discussion

This study highlights the phenotypic diversity of PiD. This
series also highlights coexistent pathologies associated
with clinical phenotypes in autopsy-confirmed PiD, a rare
neurodegenerative condition. The most common clinical
phenotypes were bvFTD and PPA, although one case of
CBS and an amnestic phenotype were also observed. Pre-
dicting pathology with antemortem clinical syndromes can
be challenging in rare conditions. Overall, the spectrum
of clinical syndromes observed in this autopsy series was
similar to those reported by Piguet et al. [3]. CBS pheno-
type, although rare, has been reported previously, present in
conjunction with a language variant PPA [4, 19]. Interest-
ingly, in one previous study and ours, the CBS phenotype

n=7 (33%) = Pure Pick's

M Pick's with AD

& Picks with AD+ CAA

M Pick's with AD + LBD

Table 3 Published Pick’s
disease case series and

reported distribution of clinical
phenotypes at presentation

Pick's + CAA
Study bvFTD  PPA Other
Mayo Clinic Series (n=21) 7 (svPPA =3; agPPA =3, unclassifiable=1) 2 (CBS=1;
amnes-
tic=1)
Piguet et al. 2011 (n=21) 13 8 (svPPA =3, agPPA =4; unclassifiable=1) 0
Irwin et al. 2016 (n=21) 20 1 (agPPA=1) 0
Total (n=63) 45 16 (svPPA =6; agPPA =7; unclassifiable =2) 2

bvFTD behavioral variant frontotemporal dementia, PPA primary progressive aphasia, svPPA semantic
variant primary progressive aphasia, agPPA agrammatic primary progressive aphasia, CBS corticobasal

syndrome
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was accompanied by a secondary pathologic finding of cor-
tical Lewy bodies. Although this is a rare presentation of
PiD, it may have treatment implications such as response
to levodopa or donepezil, which should be explored in the
future. Early memory complaint as a presenting feature of
PiD was noted in a large series in Europe that also examined
hippocampal pathology exclusively [18].

Among the PPA subtypes, both semantic variant PPA
and agPPA were observed which is consistent with previ-
ous studies [3]. Our data in combination with previously
reported series of PiD suggest there is no clear association
of Pick’s pathology with specific subtypes of primary pro-
gressive aphasia. In a study of 69 PPA patients, 2 semantic
PPA cases, 4 agPPA cases, and 2 mixed PPA cases had a
pathological diagnosis of Pick’s disease [20]. While svPPA
is most commonly associated with FTLD-TDP-43 Type C
pathology [20], our study shows that PiD pathology may
produce this phenotype of PPA. Prior studies have shown
that the presence of AOS is a strong predictor of tau pathol-
ogy [21]. In this study, AOS was found to be present in all
three patients with agPPA. While AOS is typically seen with
4R tauopathies such as corticobasal degeneration or pro-
gressive supranuclear palsy, 3R Pick’s pathology has been
reported [21] and should be considered as an additional eti-
ology in the differential diagnosis. Therefore, while clini-
cal diagnosis can suggest a pathologic substrate, biomark-
ers which are highly specific for tauopathy subtypes may
be necessary adjuncts when considering FTD patients for
proteinopathy-specific interventions.

In this series, age of onset was earlier in the PPA cases
compared to bvFTD cases. Conversely, a previous study
assessing the incidence and epidemiology of a heterogenous
group of FTLD syndromes and pathologies found that PPA
cases had the oldest age at diagnosis [22]. Other series spe-
cific to PiD found no difference in the age of onset. This
could be due to the retrospective nature of our study where
symptom onset was estimated from chart review or the wide
phenotypic variability of a rare disease. No difference in age
at death and disease duration was detected between bvFTD
and PPA cases. This finding contrasts with previous reports
which indicate bvFTD survival is significantly shorter than
PPA [3]. In our series, both behavioral and language phe-
notypes of PiD revealed a wide range of disease duration
(Table 1). Whether pathology or phenotype predicts sur-
vival in PiD is still unclear, but other studies have provided
support to the hypothesis that underlying pathology pre-
dicts survival in neurodegenerative conditions [23]. Mean
survival time in sporadic FTLD-TDP has been reported at
7.9 years, but with a wide range of 2—18 years [24]. Mean
survival of FTLD-tau has been reported to be approximately
9 years [25]. Another study previously studying survival
differences between tau-positive and tau-negative FTLD
showed decreased survival in tau-positive pathology [26].
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A recent meta-analysis of survival in FTD showed no dif-
ference between phenotypes except FTD-MND, which had
shorter survival although pathologies were heterogenous
[27]. Based on available literature, there may be no survival
difference among the common clinical subtypes of PiD.
Survival data in rare causes of neurodegeneration are weak-
ened by confounding variables and small sample sizes. Spe-
cifically, in this study we are unable to risk adjust patients
for medical comorbidities that may have affected disease
duration.

The neuropsychological profiles of PiD patient subtypes
(PPA and bvFTD) were supportive of the clinical diagnosis
and quite variable in severity. In cases of bvFTD, neuropsy-
chological testing generally showed deficits in executive and
memory functions. In the PPA cases, neuropsychological
testing demonstrated difficulty with naming and category
fluency. Overall, interpretation of neuropsychological data
and defining patterns in these cases is limited by the vari-
ability in the number of years from onset to testing as well
as smaller subset of patients with available data.

We found co-pathology existed in up to 67% of our cases.
Other studies have examined and reported the existence
of Alzheimer-type pathology in PiD in the hippocampus,
but not in similar proportions [18]. Another autopsy series
examining concomitant pathologies in neurodegenerative
conditions reported that pure PiD is more common among
tauopathies [28]. We did not observe any cases with con-
comitant TDP-43 pathology in our series as reported previ-
ously [29, 30]. Cortical Lewy body pathology was observed
in one case, and it has previously been reported in PiD with
bvFTD, PPA and pure parkinsonian phenotypic presenta-
tions [4, 31]. Our case with Lewy body pathology presented
with a CBS phenotype and also had Alzheimer-type pathol-
ogy. Previously reported CBS phenotypes in PiD had shown
pure Pick’s disease and with Lewy bodies [4, 19]. Our case
series suggests that complex neurodegenerative dementias
can have variable phenotypes when multiple pathologies are
present. Our observations are similar to larger studies on
clinicopathological specificity of FTLD [28].

Conclusion

In summary, our series underscores both clinical and patho-
logical heterogeneity in a rare neurodegenerative condition
such as PiD. Although PiD most commonly presents with
bvFTD and PPA phenotypes, CBS and amnestic syndromes
can also be observed, and PiD should be considered in the
differential diagnosis of these syndromes. Unlike FTLD-
MND, disease duration did not appear to be different
between the various phenotypes in our series and a larger
series looking at survival is warranted. Coexistence of Alz-
heimer’s type pathology in PiD was common in our series,
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highlighting the need for specific biomarkers in neurodegen-
erative conditions that increase with age.
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