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Proposed research criteria for prodromal
behavioural variant frontotemporal dementia

Megan S. Barker,* Reena T. Gottesman,? Masood Manoochehri,* Silvia Chapman,*
Brian S. Appleby,* Danielle Brushaber,* ®Katrina L. Devick,* Bradford C. Dickerson,’
Kimiko Domoto-Reilly,® Julie A. Fields,” Leah K. Forsberg,® Douglas R. Galasko,’

Nupur Ghoshal,° Jill Goldman,»? Neill R. Graff-Radford,'* Murray Grossman,*?
Hilary W. Heuer,*® Ging-Yuek Hsiung,'* David S. Knopman,? John Kornak,**
Irene Litvan,’ Ian R. Mackenzie,'® ®Joseph C. Masdeu,'” Mario F. Mendez,'®*°

Belen Pascual,’” Adam M. Staffaroni,'® Maria Carmela Tartaglia,?° ®Bradley F. Boeve,?
Adam L. Boxer,'® Howard J. Rosen,'® Katherine P. Rankin,'* Stephanie Cosentino,*??*
Katya Rascovsky'? and Edward D. Huey">?? on behalf of the ALLFTD Consortium

At present, no research criteria exist for the diagnosis of prodromal behavioural variant frontotemporal dementia
(bvFTD), though early detection is of high research importance. Thus, we sought to develop and validate a pro-
posed set of research criteria for prodromal bvFTD, termed ‘mild behavioural and/or cognitive impairment in
bvFTD’ (MBCI-FTD).

Participants included 72 participants deemed to have prodromal bvFTD; this comprised 55 carriers of a pathogenic
mutation known to cause frontotemporal lobar degeneration, and 17 individuals with autopsy-confirmed frontotem-
poral lobar degeneration. All had mild behavioural and/or cognitive changes, as judged by an evaluating clinician.
Based on extensive clinical workup, the prodromal bvFTD group was divided into a Development Group (n=22) and
a Validation Group (n =50). The Development Group was selected to be the subset of the prodromal bvFTD group for
whom we had the strongest longitudinal evidence of conversion to bvFTD, and was used to develop the MBCI-FTD
criteria. The Validation Group was the remainder of the prodromal bvFTD group and was used as a separate sample
on which to validate the criteria. Familial non-carriers were included as healthy controls (n = 165). The frequencies of
behavioural and neuropsychiatric features, neuropsychological deficits, and social cognitive dysfunction in the pro-
dromal bvFTD Development Group and healthy controls were assessed.

Based on sensitivity and specificity analyses, seven core features were identified: apathy without moderate-severe
dysphoria, behavioural disinhibition, irritability/agitation, reduced empathy/sympathy, repetitive behaviours (simple
and/or complex), joviality/gregariousness, and appetite changes/hyperorality. Supportive features include a neuro-
psychological profile of impaired executive function or naming with intact orientation and visuospatial skills,
reduced insight for cognitive or behavioural changes, and poor social cognition. Three core features or two core fea-
tures plus one supportive feature are required for the diagnosis of possible MBCI-FTD; probable MBCI-FTD requires
imaging or biomarker evidence, or a pathogenic genetic mutation.

The proposed MBCI-FTD criteria correctly classified 95% of the prodromal bvFTD Development Group, and 74% of the
prodromal bvFTD Validation Group, with a false positive rate of <10% in healthy controls. Finally, the MBCI-FTD cri-
teria were tested on a cohort of individuals with prodromal Alzheimer’s disease, and the false positive rate of diagno-
sis was 11-16%. Future research will need to refine the sensitivity and specificity of these criteria, and incorporate
emerging biomarker evidence.
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behavioural variant frontotemporal dementia; prodromal; mild behavioural impairment; mild cognitive
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ARTFL = Advancing Research and Treatment for Frontotemporal Lobar Degeneration;
(bv)FTD = (behavioural variant) frontotemporal dementia; CDR = Clinical Dementia Rating; ESFTLD = Examination of
the Earliest Symptoms and Biomarkers of Frontotemporal Lobar Degeneration in MAPT Carriers;
FTLD = frontotemporal lobar degeneration; GDS = Geriatric Depression Scale; LEFFTDS = Longitudinal Evaluation of
Familial Frontotemporal Dementia Subjects; MBCI-FTD = mild behavioural and/or cognitive impairment in behav-
ioural variant frontotemporal dementia; MoCA = Montreal Cognitive Assessment; NACC = National Alzheimer’s
Coordinating Center; RSMS = Revised Self-Monitoring Scale; SNQ = Social Norms Questionnaire

Introduction

Detecting the earliest clinical features of neurodegenerative dis-
eases is important for appropriate clinical trial enrolment and op-
timal patient care. Clinical prodromes of dementia due to
Alzheimer’s disease and dementia with Lewy bodies have been
previously defined, with published diagnostic criteria for mild cog-
nitive impairment (MCI) due to Alzheimer’s disease,’ and pro-
dromal dementia with Lewy bodies.? To date, no formal criteria
have been generated for prodromal behavioural variant frontotem-
poral dementia (bvFTD).

Frontotemporal dementia (FTD) is the fourth most common de-
mentia, and disproportionately affects younger individuals. The
median onset is during the sixth decade,® though onset may be as
early as the third decade.* Between 15-30% of all FTD cases follow

an autosomal dominant pattern of inheritance. The majority of
genetic FTD is caused by mutations in the microtubule-associated
protein tau (MAPT) or progranulin (GRN) genes, or a hexanucleotide
repeat expansion in chromosome 9 open reading frame 72
(C90rf72), though a number of other disease-causing mutations
have been decribed.”> MAPT, GRN and C9orf72 mutations are highly
penetrant.® Carriers of autosomal dominant pathogenic muta-
tions represent a valuable cohort for characterizing the disease
prodrome because disease onset is, to some degree, predictable,
allowing the earliest stages of disease to be tracked.”®
Furthermore, neuropathology in genetic mutation carriers can
be predicted. Sporadic cases of bvFTD tend to come to the
attention of specialists after the prodromal phase, and require
autopsy data (neuropathological evaluation) to confirm disease
pathology.



Proposed criteria for prodromal bvFTD

The behavioural variant is the most frequent clinical phenotype of
sporadic and genetic FTD, and is characterized by changes in be-
haviour, social conduct, and personality.>’® In the most recent
bvETD diagnostic criteria, Rascovsky et al.’® specify that the earliest
symptoms (presenting within the first 3 years of the illness) in-
clude apathy, behavioural disinhibition, loss of sympathy or em-
pathy, and perseverative behaviours. Likewise, in genetic
mutation carriers destined to develop FTD, apathy and disinhib-
ition are reported to be among the first behavioural symptoms.*""?
Psychotic symptoms, such as hallucinations and delusional
beliefs, have also been reported in the years prior to diagnosis, par-
ticularly in C9orf72 expansion carriers.'*°

The neuropsychological profile of bvFTD tends to be dysexecu-
tive (i.e. deficits in higher-order cognitive skills such as reasoning,
planning, abstraction, word generation), with relative preservation
of episodic memory and visuospatial functions.'*'® However, early
changes have been documented in the domains of language, at-
tention, memory, and social cognition, as well as executive func-
tion.”®*1771  Informant- and patient-reported memory
complaints are also common in preclinical bvFTD.*** Cognitive
changes may precede behavioural symptoms in a subset of
patients who go on to develop bvFTD.*

To date, the earliest clinical features of bvFTD have been described
in small cohorts, but no diagnostic criteria exist. Early detection
will likely optimize treatment efficacy, and is important for early
counselling and guidance, as well as the implementation of man-
agement strategies. Parallel lines of research have described be-
havioural symptoms (‘mild behavioural impairment’) in
prodromal neurodegenerative diseases, not specifically FTD, and a
checklist is available?! that operationalizes the most recent mild
behavioural impairment criteria.”?> However, these criteria were
not developed with bvFTD as the focus.?* Thus, the aim of the cur-
rent study was to develop research diagnostic criteria for pro-
dromal bvFTD, in a cohort of early symptomatic (‘prodromal’)
individuals carrying a MAPT, GRN, or C9orf72 pathogenic mutation
that progressed to overt bvFTD, as compared to healthy control
subjects, defined here as non-mutation carrier family members.
We then aimed to validate the criteria on a separate group, which
included pathogenic mutation carriers and/or individuals with
pathology-confirmed frontotemporal lobar degeneration (FTLD) on
autopsy, all of whom had received a clinical diagnosis indicative of
a behavioural phenotype (bvFTD or ‘mild behavioural impair-
ment’). Finally, we tested the criteria in a group of individuals with
pathology-confirmed Alzheimer’s disease, who were seen during
their prodromal disease stage, to establish the specificity of the cri-
teria to FTD. In these criteria, we have opted to use the term ‘mild
behavioural and/or cognitive impairment in bvFTD’ (MBCI-FTD), to
acknowledge that both behavioural/neuropsychiatric symptoms
and cognitive impairments might be present during the disease
prodrome.

Materials and methods

We used data from the Advancing Research and Treatment for
Frontotemporal Lobar Degeneration (ARTFL; US4 NS092089) and
Longitudinal Evaluation of Familial Frontotemporal Dementia
Subjects (LEFFTDS; U01 AG045390) North American consortia [now
the ARTFL LEFFTDS Longitudinal Frontotemporal Lobar
Degeneration consortium (ALLFTD; U19 AG063911)] (January 2020
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data freeze), the National Alzheimer’s Coordinating Center (NACC;
U24 AG072122), and the Examination of the Earliest Symptoms and
Biomarkers of FTLD in MAPT Carriers (ESFTLD; R01 NS076837)
study based at Columbia University. Participants in the ARTFL/
LEFFTDS studies are evaluated yearly at one of 18 sites across
North America, with a standardized clinical evaluation including a
neurological exam, neuropsychological testing, informant inter-
views, blood draw, brain MRI scan, and optional lumbar puncture.
Full study procedures, including genotyping of FTLD-associated
genes, have been published elsewhere.?*>? Similarly, the
Alzheimer’s Disease Research Centers (ADRCs) that contribute
data to NACC evaluate participants longitudinally and collect clin-
ical, neuropsychological, and diagnostic data using the Uniform
Data Set (UDS). A subset of participants receive a neuropathologic-
al evaluation at autopsy. Full descriptions of NACC, UDS, and
neuropathological evaluation are available elsewhere.®*3¢ The
current study used data from 31 ADRCs, collected between 2005
and 2018. The ESFTLD study is a longitudinal study of families
with known pathogenic MAPT mutations, with similar assess-
ments to ARTFL/LEFFTDS; study procedures are described else-
where.'*%®  The = ARTFL/LEFFTDS/ALLFTD study, NACC
participating ADRCs, and ESFTLD study received ethical approval,
and all participants or their surrogates provided informed written
consent.

To define the prodromal features of bvFTD, we selected partici-
pants from the ARTFL/LEFFTDS, ESFTLD, and NACC datasets, with
either (i) a confirmed pathogenic FTLD-associated genetic muta-
tion as a proxy for FTLD neuropathology; or (ii) pathologically-con-
firmed FTLD on autopsy. All participants included in this group
were assigned a behavioural clinical phenotype (bvFTD or ‘mild be-
havioural impairment’) at some point during their participation in
the study; thus, those with pure or predominant primary progres-
sive aphasia, amyotrophic lateral sclerosis, or parkinsonian syn-
dromes were excluded. Participants were defined as ‘prodromal’
based on the clinician-assigned Clinical Dementia Rating (CDR®)
Dementia Staging Instrument plus NACC FTLD Behaviour and
Language Domains (CDR® + NACC FTLD) global score. This score is
calculated after rating impairment (0 =none, 0.5 =questionable/
very mild, 1 =mild, 2 = moderate, 3 = severe) across eight domains:
Memory, Orientation, Judgement and Problem Solving,
Community Affairs, Home and Hobbies, Personal Care,*
Behaviour, and Language.*® Domain ratings are combined using an
algorithm to calculate the CDR®+NACC FTLD global score (0-3),%
which is sensitive to changes in early FTLD.?”**® The first visit at
which a CDR®+NACC FTLD global score of 0.5 was assigned, indi-
cating very mild features consistent with ‘questionable’ or pro-
dromal dementia, was considered the ‘prodromal visit’. At this
evaluation, none of the prodromal bvFTD group met Rascovsky et
al.*® criteria for bvFTD based on clinician-recorded symptoms; this
was to ensure that all participants could be validly deemed
‘prodromal’.

From the ARTFL/LEFFTDS dataset, n = 38 prodromal pathogenic
mutation carriers were included. In addition, three MAPT mutation
carriers from the Columbia University ESFTLD study and 14 genetic
mutation carriers from NACC were included, rendering a final pro-
dromal genetic mutation carrier sample of n=55 (MAPT =20,
GRN =7, C9orf72 =17, C90rf72 + GRN = 1, unspecified mutation = 10).
From NACC, 17 participants with pathology confirmed FTLD, who
had ultimately received a clinical diagnosis of bvFTD and who
were seen by a clinician during their prodromal disease stage,
were also identified for inclusion. These participants were
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presumed to be sporadic, as no known genetic mutation was
recorded. In total, the prodromal bvFTD sample was n=72 (see
Supplementary Fig. 1 for full details). Staff evaluating the partici-
pants were blinded to genetic status whenever possible. This was
not always possible if the participant was referred from a clinical
setting in which they had been evaluated by a member of the re-
search team, or if the research participant self-disclosed. In these
cases, effort was taken to preserve the blinding of other staff
members.

Healthy control participants were defined as familial non-carriers
(participants with a known FTLD-associated genetic mutation in
the family but who were not carriers themselves). Healthy controls
were drawn from the ARTFL/LEFFTDS dataset (n=165), because
this study had the most comprehensive assessments available.
Healthy controls were older than 30 years, to match the prodromal
bvFTD group in age (Supplementary Fig. 1).

A cohort of n=301 individuals with pathology-confirmed
Alzheimer’s disease were drawn from the NACC dataset. All partic-
ipants were evaluated by a clinician during their prodromal dis-
ease phase, at which point they received a global CDR® of 0.5 and a
diagnosis of MCI due to presumed Alzheimer’s disease (47% sin-
gle-domain amnestic MCI, 47% multiple-domain amnestic MCI,
6% non-amnestic MCI). On autopsy, all individuals in this group
had intermediate or high Alzheimer disease neuropathological
changes based on NIA-AA criteria,*** and 38% had evidence
of Lewy body pathology [5% brainstem-predominant, 22%
limbic (transitional) or amygdala predominant, 11% neocortical
(diffuse)].

Participants underwent detailed clinical evaluation, and additional
measures were obtained via interview with informants.
Assessments included the NACC UDS and FTLD module.** All clini-
cians, study personnel, patients, and informants were blind to
study aims at the time of the evaluations.

Standard clinician forms

The clinician forms included the following features to be eval-
uated: apathy/withdrawal/inertia, depressed mood, psychosis (vis-
ual/auditory hallucinations, abnormal/false/delusional beliefs),
behavioural disinhibition, irritability, agitation, personality
change, REM sleep behaviour disorder, anxiety, hyperorality, loss
of sympathy or empathy, and ritualistic or compulsive behaviours.
All features were marked as present or absent by the clinician at
the evaluation.

Behavioural/neuropsychiatric questionnaires

The Neuropsychiatric Inventory Questionnaire (NPI-Q)** was com-
pleted with the informant and includes the following items: apathy/
indifference, depression/dysphoria, delusions, hallucinations, disin-
hibition, irritability/lability, agitation/aggression, anxiety, night
time behaviours, elation/euphoria, motor disturbance, and appe-
tite/eating changes. All features were marked as present (mild,
moderate or severe) or absent. The 15-item version of the Geriatric
Depression Scale (GDS),*> a measure of depressive symptoms,
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especially dysphoria, was administered to participants. The
Interpersonal Reactivity Index*® (Empathic Concern and Perspective
Taking subscales) was included as a measure of informant-reported
empathy.

Clinical notes

A goal of the study was to capture features that are beyond the
scope of the current bvFTD diagnostic criteria. In the ARTFL/
LEFFTDS dataset, the richest source of this information was free
text clinical notes [e.g. Clinical Global Impressions of Change form
(CGI-C)]. The CGI-C is a structured interview such that the patient
and the informant answer the same questions regarding behav-
ioural and cognitive changes.* Clinical notes were available for 26
participants from the prodromal bvFTD group. Each study site that
contributed participants to the prodromal bvFTD group provided
at least one CGI-C clinical note. Based on the most frequently
endorsed features in these notes, as well as the bvFTD literature,
the following features were extracted: apathy, disinhibition, irrit-
ability, loss of empathy/sympathy, repetitive behaviours [simple
(e.g. pacing) and complex (e.g. rituals)], hyperorality, depression,
sleep problems, joviality/gregariousness, delusions, hallucina-
tions, emotional blunting, and reduced insight. Features were con-
sidered ‘present’ if they were reported by the informant, subject,
or clinician. Reduced insight was marked as ‘present’ if the inform-
ant reported behavioural or cognitive problems that were not
endorsed by the patient. Retrospective coding of the free text clin-
ical notes was completed by two independent raters (M.S.B and
R.T.G), with an interrater reliability of 0.89; disagreements were
adjudicated by a third rater (M.M.). Raters were not blind to study
objectives, but were instructed to be comprehensive in identifying
features noted in the free text, with little a priori guidance as to the
specific features themselves. The goal was to identify features that
may be missed on the standardized clinician and informant forms,
which only capture a relatively narrow range of symptoms.

All participants completed a standardized neuropsychological as-
sessment (NACC UDS v. 1.1, 1.2, 2.0 or 3.0 batteries).>****3 The
Craft Story or Logical Memory immediate and delayed recall scores
measured verbal episodic memory. The Benson Complex Figure
copy and delayed recall assessed visuospatial skills and non-ver-
bal episodic memory, respectively. The Montreal Cognitive
Assessment (MoCA)*® cube drawing or Mini-Mental State
Examination (MMSE) pentagon drawing tests®® assessed visuo-
spatial skills when the Benson Figure copy was not available. The
Multilingual Naming Test (MINT) or Boston Naming Test (BNT, 30-
item odd) measured visual confrontation naming. The Digit or
Number Span Forward and Backward tests gauged auditory atten-
tion and working memory, respectively. Verbal initiation and gen-
eration were measured with verbal fluency tasks, with both
category (animals) and letter (F, L) cues. Trail Making A measured
psychomotor speed, and Trail Making B assessed set-shifting, a
facet of executive function. The MoCA or MMSE provided a brief
global assessment of cognition.

Questionnaires from the NACC FTLD module assessing social cog-
nition were administered to all ARTFL/LEFFTDS and Columbia
ESFTLD study participants. The Social Norms Questionnaire (SNQ),
which gauges awareness of social expectations,’® was completed
by the participant. Two types of errors can be made on the SNQ:
breaking a social norm (‘break score’, e.g. saying it is okay to eat
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pasta with your fingers) and over-adhering to social norms (‘over-
adhere score’, e.g. saying it is not okay to eat ribs with your fin-
gers). The SNQ is based on mainstream North American culture.
The Revised Self-Monitoring Scale (RSMS), a questionnaire that
measures socioemotional sensitivity,”? was completed by the
informant.

We aimed to first develop a set of criteria, and then validate and
test the proposed criteria. Thus, the study was broadly separated
into a development phase and a validation and testing phase.
Subsets of the prodromal bvFTD and healthy control groups were
included in both the development and validation phases, while
the Alzheimer’s cohort was used only in the testing phase.

In order to develop and validate the MBCI-FTD criteria, we divided
the prodromal bvFTD cohort (n=72) into a Development Group
(n=22) and a Validation Group (n = 50) (Fig. 1). The purpose of cre-
ating these groups was to define a cohort to use to develop the cri-
teria (Development Group) in which we had the highest
confidence that the features observed and reported were part of a
bvFTD prodrome, and a separate more heterogeneous cohort on
which to validate the criteria (Validation Group). All participants
included in the Development Group showed clear longitudinal dis-
ease progression towards bvFTD (clinical details are provided in
Supplementary Table 1). In brief, the Development Group included
participants with all of the following: (i) at least one follow-up visit
subsequent to their prodromal visit; (ii) evidence of disease pro-
gression following their prodromal visit, as measured by an in-
crease in the CDR®+NACC FTLD Sum of Boxes score; (iii) an
increase over time in behavioural symptoms consistent with
bvFTD; and (iv) a minimum of three Rascovsky et al.’® BVvFTD diag-
nostic criteria features present at their most recent study visit, two
of which had to be predominant features of the clinical presenta-
tion. Participants from NACC were not included in the
Development Group as the available measures were more limited
(see Supplementary Table 2 for the specific assessment measures
available in each study, and for the n’s drawn from each study).
The final Development Group included n =22 prodromal bvFTD
participants from the ARTFL/LEFFTDS and Columbia ESFTLD stud-
ies (MAPT =12, GRN = 2, C9orf72 = 7, C90rf72 + GRN = 1; Fig. 1).

The Validation Group included: (i) the remainder of the pro-
dromal bvFTD group from ARTFL/LEFFTDS who (a) only had a sin-
gle study visit; or (b) had multiple study visits, but the evaluation
at follow-up visits did not meet behavioural criteria for the
Development Group (i.e. clinician indicated a bvFTD phenotype
but explicit documentation of the Rascovsky et al.'® diagnostic cri-
teria was not available); or (ii) participants drawn from the NACC
dataset. The inclusion of the Validation Group as an independent
(i.e. no overlapping subjects) validation sample was based on the
assumption that the vast majority would go on to meet full
Rascovsky et al.’® diagnostic criteria for bvFTD at some point dur-
ing their disease course, but with less certainty than the
Development Group. The final Validation Group included n =50
prodromal bvFTD participants from ARTFL/LEFFTDS and NACC
(MAPT =8, GRN =5, C90rf72 =10, unspecified mutation = 10, pre-
sumed sporadic = 17; Fig. 1).
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Half of the healthy control group was randomly selected as a com-
parison for the prodromal bvFTD Development Group, to be used
in developing the criteria (Healthy Control Group 1; n = 82) (Fig. 1).

From the clinician forms, informant forms, and clinical notes, a
list of potential behavioural or neuropsychiatric features was cre-
ated: apathy/withdrawal/indifference, disinhibition, irritability/la-
bility, agitation, reduced empathy or sympathy, depression,
anxiety, psychosis (delusions or hallucinations), repetitive behav-
iours, sleep disturbances, elation/euphoria, appetite changes/
hyperorality, joviality/gregariousness, reduced insight, and emo-
tional blunting. All features were either ‘present’ or ‘absent’ per
clinician or informant rating. In the case of the Interpersonal
Reactivity Index, reduced empathy was considered ‘present’ if the
participant was rated > 1.5 standard deviations (SD) below age-
and sex-specific means (see Supplementary Table 3 for cut-off
scores). In constructing this list, the following a priori decisions
were made: (i) apathy was only considered present if there was no
evidence of moderate-severe dysphoria as reported on the GDS
(>6/15), to allow the MBCI-FTD criteria to distinguish between
major depressive disorder and bvFTD; (ii) informant-reported irrit-
ability was included in analyses if it reached a moderate level, to
maximize specificity against neurologically healthy controls in
whom mild irritability is common (this decision was supported
post hoc by the clinical notes in which examples of moderate-se-
vere irritability and labile mood were frequent); and (iii) personal-
ity change was excluded from current analyses as its definition
was determined to be too broad to be useful in the context of crite-
ria (decided by clinical consensus).

Impairments on neuropsychological tests were coded as ‘pre-
sent’ or ‘absent’ based on non-linear age-, sex- and education-
adjusted z-scores,”® and impairment was defined as z < -1.5. With
regard to the social cognition assessment, the questionnaires are
designed to have substantial variability in performance below the
normal range; thus, Youden’s ] index was calculated to identify op-
timal cut-off scores that would discriminate between the pro-
dromal bvFTD and control groups. Impairment was defined as
performance below the Youden cut-off (Supplementary Fig. 2).

Once a set of criteria had been developed, we aimed to establish
their utility, by testing whether they were able to correctly classify
a separate cohort of prodromal bvFTD participants (Validation
Group), and healthy controls (Healthy Control Group 2; n = 83), as
well as a cohort of individuals with prodromal Alzheimer’s disease
(Alzheimer’s Test Group; n=301). The Validation Group of pro-
dromal bvFTD participants allowed us to determine whether the
criteria were generalizable to a more heterogenous prodromal
bvFTD cohort, including presumably sporadic cases. Testing the
criteria in the healthy controls and prodromal Alzheimer’s disease
allowed us to determine whether the criteria would correctly clas-
sify non-FTD individuals.

All statistical analyses were performed using JASP version 0.11.1.0
or custom scripts in Python version 3.6. Analyses conducted to es-
tablish the criteria used data from the prodromal bvFTD
Development Group and Healthy Control Group 1 only. Analyses
conducted to validate and test the criteria used data from the pro-
dromal bvFTD Validation Group, Healthy Control Group 2, and the
Alzheimer’s Test Group only.

To assess whether the prodromal bvFTD Development Group
was demographically different from Healthy Control Group 1 (used
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Prodromal bvFTD participants: n =72
Development Group*» Validation Group*"
(n=22) (n = 50)
MAPT CYorf72 | GRN MAPT CYorf72 GRN U;ﬁz‘;f ::d Presumed sporadic
(n=12) n=17) (n=2) (n=8) (n=10) (n=5) (n=10) (n=17)
Non bvFTD participants: n = 466
Healthy Control | Healthy Control Alshaiies Test Grod
Group 1* Group 2* (n=301)
(n=182) (n=183) =

Figure 1 Schematic depicting data used in the development and validation/testing phases of the study. Grey shaded boxes represent the participants
included in the development phase, unshaded boxes represent the participants included in the validation and testing phase. The prodromal bvFTD
participants were assigned to the Development Group based on longitudinal evidence of disease progression and strong evidence of phenoconver-
sion to bvFTD (see ‘Materials and methods’ section). Healthy controls were randomly assigned to Healthy Control Group 1 and Healthy Control
Group 2. *ARTFL/LEFFTDS study data. "Columbia ESFTLD study data. *NACC data. The prodromal bvFTD Development Group included one additional
participant not depicted in the subgroups of the figure, who carries both a GRN mutation and a C9orf72 repeat expansion.

in the development phase of the criteria) and from the prodromal
bvFTD Validation Group, we conducted two-tailed independent
groups t-tests to compare age, education, and disease severity (as
measured by the CDR®+NACC FTLD Sum of Boxes, where applic-
able), and two-proportions z-tests to compare sex and handedness
(o0 =0.05).

All candidate features, including behavioural/neuropsychiatric
features, neuropsychological impairments, and social cognition
impairments, were dichotomous (present versus absent). We cal-
culated sensitivity and specificity for each feature using 2 x 2
matrices. Sensitivity is the proportion of the prodromal bvFTD
group who had the feature present [sensitivity = true positives /
(true positives + false negatives)]. Specificity is the proportion of
healthy controls who did not display the feature [specificity = true
negatives / (true negatives + false positives)]. Confidence intervals
(95% CI) are reported.

Finally, sensitivity and specificity were calculated for the crite-
ria as a whole, first on the Development Group and Healthy
Control Group 1, and then on the Validation Group, Healthy
Control Group 2, and the Alzheimer’s Test Group.

ARTFL/LEFFTDS data are available upon request from the ALLFTD
Executive Committee at https://www.allftd.org/. Columbia ESFTLD
study data are available upon request from the corresponding au-
thor (E.D.H). NACC data are available upon request at https://nacc
data.org/. Sensitive genetic information prevents public archiving
of the ARTFL/LEFFTDS and ESFTLD datasets.

Results

All prodromal bvFTD participants and healthy controls were 31-
80years old; group means spanned 49-56years (Table 1). The
Alzheimer’s Test Group was older on average (mean = 80.5 years),
as would be expected. All groups were highly educated on average
(15-16years of education). Over 97% of prodromal bvFTD

participants and healthy control subjects, and 92% of the
Alzheimer’s Test Group, self-identified as white/Caucasian.

Statistical comparisons were conducted to assess demographic
differences between the prodromal bvFTD Development and
Validation Groups (Table 2). The groups appeared similarly distrib-
uted with respect to age, education, and disease severity (per
CDR®+NACC FTLD Sum of Boxes). The balance of males to females
appeared consistent across groups (0.45 versus 0.68), as did hand-
edness (0.91 versus 0.85). There was a statistically significant
higher proportion of MAPT mutation carriers in the Development
Group than the Validation Group (0.55 versus 0.16); this is
addressed in the ‘Validation and testing phase’ results section.

As the two groups involved in the development of the criteria, stat-
istical comparisons were conducted to test for demographic differ-
ences between the Development Group and Healthy Control Group
1 (Table 2). The groups appeared similarly distributed in education.
The Development Group was estimated to be slightly older, P =
0.020, but this difference of ~7 years (56 versus 49 years) was not
considered clinically meaningful. The sex balance was reasonably
consistent across groups (0.45 versus 0.36), as was handedness
(0.91 versus 0.84).

Table 3 presents the frequencies, as well as sensitivity and specifi-
city, of the behavioural and neuropsychiatric features in the pro-
dromal bvFTD Development Group, reported on the clinician and
informant forms (n = 22), and frequencies of the features extracted
from the clinical notes [available for 68% (n=15) of the
Development Group]. The most frequent clinician-rated features
were apathy (59%), disinhibition (55%), irritability (41%), and
reduced empathy/sympathy (50%). Likewise, apathy (64%),
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Table 1 Demographic and clinical characteristics of the prodromal bvFTD group (including Development and Validation Groups),
healthy controls (Healthy Control Groups 1 and 2), and the Alzheimer’s Test Group

Total prodromal Development  Validation Healthy Control Healthy Control Alzheimer’s Test
bvFTD group Group Group Group 1 Group 2 Group
(n=72) (n=22) (n=50) (n=82) (n=83) (n=301)
Genetic status, n (%) N/A N/A N/A
MAPT 20 (28%) 12 (55%) 8 (16%)
GRN 7 (10%) 2 (9%) 5 (10%)
C9orf72 17 (24%) 7 (32%) 10 (20%)
C9orf72 + GRN 1(1%) 1(5%) 0 (0%)
Unspecified 10 (14%) 0 (0%) 10 (20%)
mutation
Presumed sporadic 17 (24%) 0 (0%) 17 (34%)
Age
Mean (SD) 56.53 (11.31) 56.18 (11.17)  56.68 (11.48) 49.41 (12.09) 51.59 (11.08) 80.49 (9.87)
Range 32-80 36-80 32-76 31-80 32-76 35-100
Education
Mean (SD) 15.11 (2.30) 15.23 (2.41) 15.06 (2.27) 15.07 (2.55) 16.02 (2.40) 15.94 (3.06)2
Range 12-21 12-20 12-21 11-20 12-20 2-25
Sex (M:F) 44:28 10:12 34:16 30:52 38:45 152:149
Handedness (R:L:A) 62:9:1 20:2:0 42:7:1 69:9:3° 71:8:4 268:24:8°
CDR®+NACC FTLD Sum of Boxes
Mean (SD) 2.00 (0.94) 1.89 (0.87) 2.05 (0.98) 0.16 (0.52) 0.07 (0.37) 1.43 (0.93)°
Range 0.5-3.5 0.5-3.5 0.5-3.5 0.0-3.0 0.0-3.0 0.5-4.5¢

Age and education are reported in years. Genetic status refers to FTLD-associated genetic mutations. CDR® + NACC FTLD Sum of Boxes score calculated by summing the six
CDR® domain rating scores, plus two supplemental domains of behaviour and language. M = male; F = female, self-reported. R = right-handed; L = left-handed; A =

ambidextrous.
2Education values missing for three participants in the Alzheimer’s Test Group.

Traditional CDR® sum of boxes score, calculated by summing only the six CDR® domain rating scores, appropriate for Alzheimer’s disease.
‘Handedness was unknown for one healthy control and one participant in the Alzheimer’s Test Group.

Table 2 Statistical comparisons of demographic and clinical characteristics in the prodromal bvFTD Development and Validation

Groups, and Healthy Control Group 1

Mean difference 95% CI Lower, upper P-value
Development Group versus Validation Group
Age -0.50 -6.31,5.31 0.865
Education 0.17 -1.01,1.35 0.778
Sex -0.23 -0.50, 0.05 0.122
Handedness 0.07 -0.12,0.26 0.681
CDR®+NACC FTLD Sum of Boxes -0.16 -0.65, 0.32 0.501
Proportion of MAPT mutation carriers 0.28 0.12,0.65 0.002
Development Group versus Healthy Control Group 1
Age 6.77 1.10,12.44 0.020
Education 0.15 -1.05,1.34 0.800
Sex 0.09 -0.17,0.35 0.608
Handedness 0.07 -0.10, 0.24 0.645

Italic text denotes statistically significantly difference between groups at o = 0.05. Development Group comprised n = 22 prodromal bvFTD participants, Validation Group com-
prised n = 50 prodromal bvFTD participants, Healthy Control Group 1 comprised n = 82 familial non-carrier controls.

disinhibition (55%), irritability (64%), and reduced empathy/sym-
pathy (50%), were the most frequent informant-endorsed features.
Agitation was endorsed similarly highly by informants (55%), but
in only 5% of cases by clinicians. This may be due to differences in
how the question is worded; the clinician form defines agitation as
‘trouble sitting still’ and/or ‘shouting/kicking/hitting’, while the in-
formant form asks about being ‘hard to handle’ or ‘resistive to
help’. In addition, agitation might present differently in home ver-
sus clinical settings, clinicians and caregivers may differently clas-
sify a given behaviour (e.g. if a patient becomes agitated if stopped
from performing a repetitive behaviour), or clinicians may have a
higher threshold of what constitutes agitation. In the clinical

notes, apathy and disinhibition were endorsed in two-thirds of the
Development Group, and irritability in one-third. Overall, when
combining clinician and informant reports, apathy, disinhibition,
irritability, and reduced empathy/sympathy had good sensitivity
and specificity, with each reported in >70% of the prodromal
bvFTD Development Group and <13% of healthy control subjects
(Table 3).

Results were less clear for mood symptoms. Depression was
moderately endorsed by clinicians (23%) and informants (41%), but
self-reported depressed mood/dysphoria was minimal (GDS). In
fact, the GDS mean was 2.8/15 (SD = 2.95), with only one individual
from the prodromal bvFTD Development Group scoring >6, and
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Table 3 Behavioural and neuropsychiatric features of the prodromal bvFTD Development Group and Healthy Control Group 1

Clinician  Informant Clinical Total number in Sensitivity Specificity
indicated report notes Development [95% CI] [95% CI]
n=22 n=22 n=15 Group with feature n = 22
Apathy/withdrawal/indiffer- 13 (59%) 14 (64%) 10 (67%) 18 (82%) 0.82[0.60,0.95]  0.94[0.86,0.98]
ence without dysphoria
Disinhibition 12 (55%) 12 (55%) 10 (67%) 18 (82%) 0.82[0.60,0.95]  0.91[0.83,0.96]
Irritability/lability 9 (41%) 14 (64%) 5 (33%) 16 (73%) 0.73[0.50,0.89]  0.90 [0.82, 0.96]
Agitation 1(5%) 12 (55%) N/A 13 (59%) 0.59[0.36,0.79]  0.93[0.85,0.97]
Reduced empathy or sympathy 11 (50%) 11 (50%) 7 (47%) 16 (73%) 0.73[0.50,0.89]  0.88[0.79, 0.94]
Depression 5 (23%) 9 (41%) 0(0%) 10 (45%) 0.45[0.24,0.68]  0.69[0.58,0.79]
Anxiety 2 (9%) 10 (45%) 1(7%) 10 (45%) 0.45[0.24,0.68]  0.74[0.64,0.83]
Psychosis (delusions + 3 (14%) 2 (9%) 3 (20%) 3 (14%) 0.14 [0.03,0.35]  0.99 [0.93, 1.00]
hallucinations)
Repetitive behaviours (simple 4 (18%) 4 (18%) 3 (20%) 8 (36%) 0.36[0.17,0.59]  0.95[0.88.0.99]
+ complex)
REM sleep disorder/night time 0 (0%) 8 (36%) 1(6%) 8 (36%) 0.36[0.17,0.59]  0.72[0.61,0.81]
behaviours
Elation/euphoria N/A 5 (23%) N/A 5 (23%) 0.23[0.08,0.45]  0.98[0.91, 1.00]
Appetite changes/hyperorality 1(5%) 8 (36%) 2 (13%) 9 (41%) 0.41[0.21,0.64]  0.91[0.83,0.96]
Joviality/gregariousness N/A N/A 7 (47%) 7/15% (47%) 0.47 [0.21, 0.73] N/A
Reduced insight N/A N/A 9 (60%) 9/15% (60%) 0.60 [0.32, 0.84] N/A
Emotional blunting N/A N/A 1(7%) 1/152 (7%) 0.07 [0.00, 0.32] N/A

Feature may be endorsed by clinician, informant or patient to be included in the ‘Total’ column. ‘Without dysphoria’ refers to a lack of moderate-to-severe dysphoria per self-
report on the GDS. CI = confidence interval, binomial calculation, lower and upper bounds shown. Prodromal bvFTD Development Group comprised n = 22 with clinician and
informant report data (MAPT =12, GRN = 2, C90rf72 =7, C90rf72+GRN = 1) and n = 15 with clinical notes (MAPT = 10, GRN = 1, C9orf72 = 3, C9orf72 + GRN = 1). Informant report
was based on the Neuropsychiatric Inventory Questionnaire (NPI-Q) except in the case of empathy/sympathy, which was based on the Interpersonal Reactivity Index (IRI) total
score; sensitivity and specificity for the IRI subscale scores are: Empathic Concern = 0.27, 0.89; Perspective Taking = 0.45, 0.93. Clinical notes were based on both patient and in-
formant report, as well as clinical impression. Specificity calculated in Healthy Control Group 1, n = 82. N/A = not available.

“Clinical notes are the only source of information for this feature, n = 15.

two scoring 6, commensurate with mild depression.*> Notably,
reports of depressed mood were absent from all free text clinical
notes. Anxiety was moderately commonly endorsed by informants
(45%), but clinician endorsement was only 9%, and was only men-
tioned in one clinical note. These discrepancies highlight the diffi-
culty in parsing out neuropsychiatric features; for example, a
patient who is pacing might be seen as anxious by family members
despite denying feelings of anxiety, or an apathetic patient who
watches television all day may be described as depressed by family
members but is not experiencing dysphoria. Since anxiety and de-
pression had low specificity, with symptoms reported in 25-30% of
healthy controls, we decided that these features did not adequate-
ly discriminate between the groups.

Other features present in the Development Group included ap-
petite changes or hyperorality (41%), elation/euphoria (23%), and
repetitive behaviours (simple, e.g. pacing; or complex, e.g. ritualis-
tic behaviours) (36%). Although sensitivity was lower than other
features, specificity was excellent, with each feature present in
<10% of healthy controls. Night time behaviours (e.g. awakening
during night) were noted relatively frequently by informants and
in the clinical notes (36%); REM sleep behaviour disorder was not
noted in any of the participants. However, night time behaviours
had poor specificity, occurring in 28% of control subjects. Contrary
to expectations,”® psychosis was rare in our sample.
Hallucinations were reported in only two participants in the pro-
dromal bvFTD Development Group (9%), and those same two par-
ticipants plus one other reported delusions (14%) (n = 2 MAPT, n =
1 C9orf72).

Several additional features were extracted from the clinical
notes: reduced insight, joviality/gregariousness, and emotional
blunting. Interestingly, reduced insight was present in 60% of the
group for whom we had clinical notes, which was almost as fre-
quent as reports of apathy and disinhibition in the clinical notes

(Table 3). Joviality/gregariousness was endorsed in 47%. Emotional
blunting was only noted in one individual. Specificity analyses
could not be conducted on these data as clinical notes were not
available for healthy controls. However, due to the value and rich-
ness of this information, we opted to include these data to ensure
we were not missing any features that would optimize the sensi-
tivity of the criteria.

Table 4 presents the neuropsychological deficits in the prodromal
bvFTD Development Group. Executive dysfunction was defined as
clinical impairment (z < -1.5) on either Trails B time or Letter flu-
ency, or >2 errors on Trails B.>®> This was the most common do-
main of impairment, occurring in 50% of the Development Group.
The second most frequent impairment was in naming, which was
present in 45%. Semantic generation impairments (animal fluency)
were present in 41% of the Development Group. Episodic memory
impairments (delayed free recall) were present more frequently in
the verbal domain (36%) than the non-verbal domain (18%).
Psychomotor speed was clinically slowed in 36% of the
Development Group. Simple auditory attention was intact in the
majority (impairments in 9%), while working memory impair-
ments were present in 23%. Interestingly, 23% of the prodromal
bvFTD Development Group scored below the clinical z-score cut-
off in the visuospatial domain, but inspection of the raw scores
revealed that no one scored less than 13/17, indicating that visuo-
spatial skills were largely preserved. Orientation remained intact
(>5/6) in everyone in the prodromal bvFTD Development Group.

For the SNQ, a Break score of >2 and an over-adhere score of >3
optimally discriminated between the groups. An optimal cut-off of
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Table 4 Neuropsychological characteristics of the prodromal bvFTD Development Group and Healthy Control Group 1

Cognitive domain Neuropsychological Number in Development Sensitivity Specificity
tests used Group with impairment n = 22 [95% CI] [95% CI]

Executive function Trails B time, Trails B errors, 11 (50%) 0.50[0.28,0.72] 0.74 [0.64, 0.83]
letter fluency (F, L)

Naming MINT or BNT 10 (45%) 0.45 [0.24, 0.68] 0.79 [0.69, 0.87]

Semantic generation Category fluency (animals) 9 (41%) 0.41[0.21, 0.64] 0.91[0.83, 0.96]

Attention Number span forward 2 (9%) 0.09 [0.01, 0.29] 0.95 [0.88, 0.99]

Working memory Number span backward 5(23%) 0.23[0.08, 0.45] 0.88[0.79, 0.94]

Visuospatial skills Benson Figure copy 5 (23%) 0.23 [0.08, 0.45] 0.93 [0.85, 0.97]

Verbal episodic memory Craft Story or Logical Memory 8 (36%) 0.36 [0.17,0.59] 0.86 [0.77,0.93]
delayed recall

Nonverbal episodic Benson Figure delayed recall 4 (18%) 0.18 [0.05, 0.40] 0.88[0.79, 0.94]

memory
Psychomotor speed Trails A 8 (36%) 0.36 [0.17,0.59] 0.86 [0.77,0.93]
Orientation MoCA orientation 0 (0%) 0.0 [0.0,0.15]* 1.0 [0.96, 1.0]*

Impairment defined as at least 1.5 SD below mean (z

< -1.5), based on age-, sex- and education adjusted norms.?® Exceptions include: Trails B errors where impairment was

defined as >2 errors; orientation where impairment was defined as <5/6 on MoCA orientation questions. CI = confidence interval, binomial calculation, lower and upper
bounds shown. Development Group comprised n =22 prodromal bvFTD participants (MAPT =12, GRN =2, C9orf72 =7, C9orf72+GRN = 1). Specificity calculated in Healthy

Control Group 1, n = 82. BNT = Boston Naming Test; MINT = Multilingual Naming Test.

20ne-sided 97.5% CI.

Table 5 Social cognition questionnaire results in the prodromal bvFTD Development Group and Healthy Control Group 1

Number in Development Sensitivity Specificity Youden’s ]
Group with impairment [95% CI] [95% CI]
n=22
SNQ
Break score (>2) 6 (27%) 0.27 [0.11, 0.50] 0.96 [0.90, 0.99)] 0.235
Over-adhere score (>3) 12 (54%) 0.54 [0.32,0.76] 0.76 [0.65, 0.84] 0.292
RSMS Total (< 36) 12/20% (60%) 0.60 [0.36, 0.81] 0.86 [0.76, 0.93] 0.495

Impairment defined based on Youden cut-off. CI = confidence interval, binomial calculation, lower and upper bounds shown. Development Group comprised n = 22 prodromal
bvFTD participants (MAPT = 12, GRN = 2, C9orf72 = 7, C90rf72 + GRN = 1). Specificity calculated in Healthy Control Group 1, n = 82.
#n = 20 from the Development Group had RSMS data (MAPT = 12, GRN = 2, C90rf72 = 5, C90rf72 + GRN = 1).

<36 was identified for the RSMS, which is largely consistent with
scores obtained in known bvFTD cohorts.>*

SNQ over-adhere errors were more frequent than break errors
in the Development Group (54% and 27%, respectively). However,
break errors had much higher specificity (0.96) than over-adhere
errors (0.76) (Table 5). The RSMS was frequently below the Youden
cut-off in the prodromal bvFTD Development Group (60%), and
specificity was reasonable (0.86).

In creating the MBCI-FTD criteria, we prioritized specificity over
sensitivity, because we aimed to develop a diagnostic tool rather
than a screening test. Thus, for inclusion as a core feature of the
criteria, specificity was required to be >0.85. We also required the
feature to be present in at least 30% (sensitivity >0.3); any feature
less frequent was considered to potentially lack clinical utility.
Several behavioural/neuropsychiatric features met these require-
ments and were included as core features: apathy without dys-
phoria, disinhibition, irritability/lability, loss of empathy/
sympathy, repetitive behaviours, joviality/gregariousness, and ap-
petite changes. Agitation was combined with irritability for parsi-
mony. Similarly, informant-reported elation/euphoria was
combined with joviality/gregariousness, because the question-
naire asks about acting excessively happy, similar to the clinical
reports of joviality. Table 6 provides final sensitivity and specificity
values for each feature.

With regard to the neuropsychological profile, from a clinical
utility perspective, we were interested in finding the profile that
was characteristic of the Development Group. The most frequent
impairments were in executive function and naming (~50%). This
is consistent with existing literature, including sporadic cases.'®*
However, executive function and naming deficits were also present
in 21-26% of healthy controls, indicating low specificity. Therefore,
this neuropsychological profile was included as a supportive feature
rather than a core feature. In line with bvFTD diagnostic criteria,™
visuospatial skills appeared intact in the Development Group.
Everyone in the prodromal bvFTD Development Group also had in-
tact time/place orientation. Thus, the deficit in executive function
and/or naming needs to be in the context of relatively preserved
orientation and visuospatial skills to fit the MBCI-FTD neuropsycho-
logical profile criterion (sensitivity = 0.73, specificity = 0.60; Table 6).

Despite reasonable sensitivity and specificity, impairments on
animal fluency, verbal episodic memory, and psychomotor speed
were not included in the MBCI-FTD criteria, due to poor specificity
against other neurodegenerative diseases. Category fluency and
episodic memory are compromised in early Alzheimer’s disease
dementia,>®” while psychomotor speed problems are characteris-
tic of dementia with Lewy bodies. We also note that the semantic
and verbal episodic memory weaknesses present in the prodromal
bvFTD Development Group may be inflated due to an overrepre-
sentation of MAPT mutation carriers in this group.'®°%°

In terms of social cognition, both the SNQ break score (>2) and
RSMS total score (<36) had reasonably high specificity (>0.85).
These were combined into an ‘impaired social cognition’ criterion,
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Table 6 Evaluation of the MBCI-FTD features in the prodromal bvFTD Development and Validation Groups and healthy controls

Criteria development Criteria validation
Number in Sensitivity Specificity Number in Sensitivity Specificity
Development Group [95% CI] [95% CI] Validation Group [95% CI] [95% CI]
with feature n = 22 with feature n =50
Core Features
Apathy without dysphoria 18 (82%) 0.82[0.60,0.95]  0.94 [0.86, 0.98] 27 (54%) 0.54[0.39,0.68]  0.97 [0.91, 0.99]
Disinhibition 18 (82%) 0.82[0.60,0.95]  0.91[0.83, 0.96] 26 (52%) 0.52[0.37,0.66]  0.95 [0.88, 0.99]
Irritability/lability/agitation 17 (77%) 0.77 [0.55,0.92]  0.87 [0.77,0.93] 26 (52%) 0.52[0.37,0.66] 0.91[0.83,0.96]
Reduced sympathy or empathy 16 (73%) 0.73[0.50,0.89]  0.88[0.79, 0.94] 17 (34%) 0.34[0.21,0.49] 0.84[0.75,0.91]
Repetitive behaviours 8 (36%) 0.36[0.17,0.59]  0.95 [0.88. 0.99] 16 (32%) 0.32[0.20,0.47] 0.94 [0.86, 0.98]
(simple + complex)
Joviality/gregariousness 10 (45%) 0.45[0.24,0.68]  0.98[0.91, 1.00] 11 (22%) 0.22[0.12,0.36]  1.00 [0.96, 1.0]
Appetite changes/hyperorality 9 (41%) 0.41[0.21,0.64] 0.91[0.83,0.96] 20 (40%) 0.40[0.26,0.55]  0.94 [0.86, 0.98]
Supportive Features
Neuropsychological profile 16 (73%) 0.73[0.50,0.89]  0.60 [0.48, 0.70] 20 (40%) 0.40[0.26,0.55]  0.75 [0.64, 0.84]
Reduced insight 9/15% (60%) 0.60 [0.32, 0.84] N/A 8/11° (73%) 0.73[0.39, 0.94] N/A
Poor social cognition 13 (59%) 0.59[0.36,0.79]  0.87 [0.77, 0.93] 9/23° (39%) 0.39[0.20,0.61]  0.81[0.70, 0.88]
Overall: Meet MBCI-FTD criteria 21 (95%) 0.95[0.77,1.00]  0.90 [0.82, 0.96] 37 (74%) 0.74[0.60, 0.85] 0.93 [0.85, 0.97]

Features defined as per development phase. Development Group comprised n=22 prodromal bvFTD participants (MAPT =12, GRN =2, C9orf72=7, C9orf72+GRN =1),
Validation Group comprised n = 50 prodromal bvFTD participants (MAPT = 8, GRN = 5, C9orf72 = 10, unspecified mutation = 10, presumed sporadic = 17). Specificity calculated in

Healthy Control Group 1 (n = 82) for criteria development, and Healthy Control Group 2 for criteria validation (n = 83). CI =

confidence interval, binomial calculation, upper and

lower bounds shown. n =2 participants in the Development Group were aged 70+ years at the time of their prodromal visit; with these participants excluded, the overall
results did not change [sensitivity = 0.95 (19/20)]. n = 10 participants in the Validation Group were aged 70+ years at the time of their prodromal visit; with these participants
excluded, the overall results did not meaningfully change [sensitivity = 0.75 (30/40)]. N/A = not available.

#0ne-sided 97.5% CI.

®Insight measure available for n = 15 participants in the Development Group (MAPT = 10, GRN = 1, C90rf72 = 3, C90rf72 + GRN = 1) and n = 11 participants in the Validation Group

(MAPT =4, GRN = 3, C90rf72 = 4).

“Social cognition assessed in n = 23 participants in the Validation Group (MAPT = 8, GRN = 5, C90rf72 = 10).

defined as impaired appreciation of social expectations or reduced
socio-emotional sensitivity upon assessment (sensitivity =0.59,
specificity = 0.87; Table 6). Though these social cognition question-
naires show reasonable diagnostic potential, we decided that since
they are not widely used in clinical settings, this criterion should
be included as a supportive feature. Further, we have opted to use
the term ‘social cognition’ to define this criterion, but acknowledge
that this is a broad umbrella term covering a complex, multi-di-
mensional domain. In the current study our measurement tools
allowed us to examine the ability to understand social norm viola-
tions (SNQ) and the ability to detect and respond to people’s subtle
social cues in real life situations (RSMS), but we did not examine
other facets of social cognition such as emotion processing or the-
ory of mind. Thus, for consistency with the literature we use
the term ‘social cognition’, but note that in the MBCI-FTD criteria
this is specifically operationalized per Appendix I.

Finally, reduced insight was included due to the frequency with
which it was reported in the clinical notes, approaching that of ap-
athy and disinhibition. However, reduced insight was included as
a supportive feature rather than a core feature, since we could not
calculate specificity.

Depression, anxiety, and sleep problems were endorsed in 25-30%
of healthy control subjects, so were not considered specific enough
for inclusion in the MBCI-FTD criteria. Hallucinations and delusions
were present in too few individuals in the Development Group to be
considered a feature, although we note that psychosis may be present
in a subset. Similarly, emotional blunting was only explicitly reported
in one individual and was therefore not included; it may be thatitis a
difficult characteristic to capture with existing measures.

We propose a set of criteria for MBCI-FTD (Table 7, features defined
in Appendix I). The core features include: apathy without

moderate-severe dysphoria, behavioural disinhibition, irritability/
agitation, reduced empathy/sympathy, repetitive behaviours (simple
and/or complex), joviality/gregariousness, and appetite changes/
hyperorality. Supportive features include a neuropsychological profile
of executive dysfunction or impaired naming in the context of pre-
served visuospatial skills and orientation, reduced insight for cogni-
tive or behavioural changes, and impaired social cognition.
Importantly, any MBCI-FTD supportive feature has to be paired with
the presence of at least two core features. Multiple supportive fea-
tures cannot replace core features for diagnosis. Thus, three core fea-
tures or two core features plus one supportive feature are required for
a diagnosis of MBCI-FTD (Table 7). Overall, the proposed MBCI-FTD
criteria correctly classify 95% (21/22) of the Development Group, with
a false positive rate in Healthy Control Group 1 of 10% (8/82)
(sensitivity = 0.96, specificity = 0.90). The decision to require three fea-
tures for diagnosis was based on a sensitivity-specificity trade-off:
decreasing the number of features required to two resulted in
decreased specificity (i.e. higher false positive rate in healthy controls,
> 20%).

We opted to include two levels of certainty in the MBCI-FTD
diagnosis framework: ‘possible’ and ‘probable’. Possible MBCI-FTD
may be diagnosed based on behavioural and cognitive features alone,
while a pathogenic mutation or biomarker is required for a diagnosis
of probable MBCI-FTD. Possible MBCI-FTD is intended to capture cases
in which biomarkers or genetic testing may be unavailable, and we
felt it was appropriate to acknowledge this lower level of certainty in
diagnosis. This framework is largely in line with the Rascovsky et al.*°
bvFTD diagnostic criteria, although there is no ‘definite’ certainty level
for MBCI-FTD, because, even if a genetic mutation is present, the na-
ture of this prodromal phase is that it is somewhat ‘questionable’.

When evaluated on the prodromal bvFTD Validation Group
and Healthy Control Group 2, the criteria correctly classified 74%
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Definition of MBCI-FTD

A clinical syndrome defined by the presence of persistent and progressive decline in behaviour and/or cognition for more than six months based

on observation or history provided by knowledgeable informant.
1. Must be present to diagnose MBCI-FTD

A. Concern regarding behavioural and/or cognitive change from previous functioning, per informant, clinician, or patient
B. Preserved instrumental activities of daily living (unless due to physical impairment, e.g. motor neuron disease or parkinsonism)

C. >18yearsold
2. Possible MBCI-FTD

At least three of the following core features (A-G) are sufficient, and must represent a change from previous behaviour, to diagnose possible

MBCI-FTD

A. Apathy without moderate-severe dysphoria
B. Behavioural disinhibition

C. Irritability or agitation

D. Loss of empathy or sympathy

E. Repetitive behaviours (either E1 or E2)

E1. Simple: Aberrant motor behaviour, or restlessness (e.g. pacing, fidgeting, tapping)
E2. Complex: Perseverative, compulsive or ritualistic behaviour (e.g. rigidity, rituals, hoarding)

F. Joviality or gregariousness
G. Appetite changes/hyperorality

If only two of the above core features (A-G) are present, then at least one of the following (H or I or J) must also be present to diagnose Possible

MBCI-FTD:

H. Neuropsychological deficits in context of intact or relatively preserved time/place orientation and visuospatial skills (one of H1I-H2 must

be present)

H1. Clinical impairment or clinically significant decline on executive tasks (e.g. verbal generation, set-shifting, etc.)
H2. Clinical impairment or clinically significant decline on naming tests

I. Reduced insight for at least one aspect of behavioural or cognitive change

J. Impairments on standardized measures of social cognition (one of J1-J2 must be present)

J1. Reduced understanding or awareness of social expectations
J2. Low socioemotional sensitivity
3. Probable MBCI-FTD

Both of the following (A-B) must be present to diagnose Probable MBCI-FTD:

A. Meets criteria for Possible MBCI-FTD

B. Genetic or biomarker evidence of FTLD (at least one of B1-B3 must be present)

B1. Presence of a known pathogenic mutation
B2. Imaging evidence of FTD
B2.1 Frontal and/or anterior temporal atrophy on MRI or CT

B2.2 Frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPECT

B3. Other plasma/CSF biomarkers indicative of FTLD pathology
4. Exclusionary criteria for MBCI-FTD

A. History of sudden onset or other medical conditions severe enough to account for symptoms (e.g. cerebrovascular, infectious, toxic, inflam-
matory, or metabolic disorders, traumatic brain injury or brain tumour)
B. Plasma or CSF or molecular imaging biomarkers more consistent with Alzheimer’s disease than FTLD

C. Meets diagnostic criteria for Probable bvFTD

(37/50) of the Validation Group as MBCI-FTD, with a false positive
rate of 7% (6/83) (sensitivity = 0.74, specificity =0.93) in healthy
controls. Evaluating the specific MBCI-FTD features on the
Validation Group and Healthy Control Group 2 yielded the results
in Table 6, and the results broken down by mutation status and
type are available in Supplementary Table 4. In brief, the criteria
classified 63% (5/8) of MAPT mutation carriers, 100% (5/5) of GRN
mutation carriers, 70% (7/10) of C9orf72 expansion carriers, 8/10
(80%) of mutation carriers with an unspecified mutation, and 12/17
(71%) of presumed sporadic cases as MBCI-FTD, indicating that
they are not strongly biased in favour of one genetic mutation, and
are applicable to presumably sporadic cases. We highlight that we
were not able to assess social cognition or insight in the NACC par-
ticipants (Supplementary Table 2), so the sensitivity results in the
Validation Group are likely artificially lowered, as 31/50 partici-
pants were from NACC. We also conducted an informal post hoc re-
view of the available data for all prodromal bvFTD Validation
Group participants, to assess whether any clinical features were

‘missed’ in the relatively smaller Development Group sample.
Upon this review, no clinical features were candidates for post hoc
inclusion in the criteria, as none were present in >20% of the
Validation Group.

When tested in the Alzheimer’s Test Group (n = 301), the MBCI-
FTD criteria correctly classified 84-89% of participants (false posi-
tive rate of 11-16%; specificity = 0.84-0.89). Ranges are provided as
the Alzheimer’s group data were from NACC, and social cognition
and insight were not assessed in this group. The upper limit of the
false positive rate is a conservative estimate, as it assumes both
lack of insight and impaired social cognition would be present in
all participants. Finally, we divided the Alzheimer’s Test Group
into those with and without Lewy body pathology. In the
Alzheimer’s disease without Lewy body group (n = 178) the criteria
correctly classified 84-89% (false positive rate of 9-13%; specific-
ity =0.87-0.91), and in the Alzheimer’s disease with Lewy body
group (n =114) the criteria correctly classified 80-86% (false posi-
tive rate of 14-20%; specificity = 0.80-0.86). Finally, it is possible
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that Lewy body pathology would have only contributed to the clin-
ical presentation in participants with neocortical (diffuse) Lewy
bodies, as all participants had Braak stage >3.°° In this subset
(n=32), 78-87% were correctly classified by the MBCI-FTD criteria
(false positive rate of 13-22%,; specificity = 0.78-0.87).

Discussion

In this study, we developed and tested a proposed set of diagnostic
criteria for MBCI-FTD, representing the clinical prodrome of
bvFTD. We emphasize that all features must represent a change
from previous functioning, per informant report or multiple
evaluations.

Unsurprisingly, the criteria bear strong similarity to the
Rascovsky et al.'® bvFTD diagnostic criteria. However, we encour-
age clinicians to impose a somewhat lower threshold for accepting
a feature as ‘present’ for MBCI-FTD diagnosis. Rascovsky et al.*’
specified that symptoms should be ‘persistent’ or ‘recurrent’, but
with patients in the very earliest symptomatic stages it is difficult
to have confidence that a feature has been ‘persistent’, or existed
over a period of time. Nevertheless, features should be represented
by more than single or rare events, so repeated behaviours, even if
mild or questionable, should be included (except in the case of ir-
ritability/agitation, which should be significant or moderate, per
Appendix I).

There are several other key differences between the Rascovsky
et al.’® criteria and the MBCI-FTD criteria worth highlighting. First,
the apathy criterion in MBCI-FTD was only considered ‘present’
when it occurred in the absence of moderate-severe dysphoria.
This was an a priori decision, as early bvFTD is often misdiagnosed
as depression.®’ A handful of participants in the prodromal bvFTD
Validation Group did display moderate-severe dysphoria, so this
should not be an exclusion criterion, but we hope that requiring
the presence of apathy to be qualified by a lack of dysphoria will
aid in differentiating early bvFTD from depression. Further, recent
evidence indicates that apathy and anhedonia are correlated but
separable symptoms in FTD.®? In the current study we did not
measure anhedonia, but future research should assess the related
symptoms of dysphoria, apathy, and anhedonia in bvFTD, and
how dissociable they are during the prodromal phase. It may be
that anhedonia is a key early feature, perhaps even more relevant
than apathy.

Another feature not typically associated with early bvFTD is ir-
ritability/agitation, though this was one of the most frequently
reported features in our prodromal bvFTD group. Indeed, review-
ing the clinical notes revealed multiple descriptions of patients
being ‘quick to anger’ and ‘flying off the handle’. This is an inter-
esting finding that should be investigated; it may be that this fea-
ture peaks during the prodrome, before a more blunted emotional
presentation predominates.

Reduced insight into behavioural or cognitive changes was pre-
sent in both previous iterations of the FTD criteria (Lund/
Manchester; Neary et al.’), but was removed from the Rascovsky et
al.’® criteria. We included it as a supportive feature for two main
reasons. First, although we could only obtain this information
from the clinical notes, it was almost as common as apathy and
disinhibition, indicating that it is an important feature. Second, in-
sight or concern may be a key feature in discriminating bvFTD
from psychiatric disorders, such that insight is generally reduced
in the former and preserved in the latter.®® Features such as a lack
of insight or lack of concern, for which we have some evidence of
clinical utility and specificity, should be prospectively objectively
measured in FTD cohorts. If a reliable informant is not available,
the clinician should exercise caution in making inferences about
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insight. We also note that although insight is intact in some
patients, those with poor insight might be unreliable in their
reports of neuropsychiatric symptoms. Self-report, affected by in-
sight, is the gold standard method of assessment for several im-
portant neuropsychiatric symptoms, including mood (e.g.
dysphoria), anxiety, and obsessions. The interaction between in-
sight and self-reported neuropsychiatric symptoms in bvFTD is an
important direction for future prospective research.

In line with Rascovsky et al.'® we found a dysexecutive neuro-
psychological profile to be most characteristic of the prodromal
bvFTD Development Group. Naming impairments were also fre-
quently observed, while time/place orientation and visuospatial
skills remained intact. If multiple assessments are available, a
clinically significant decline in executive functioning or naming
may be judged by a clinical neuropsychologist as sufficient for the
patient to meet this criterion. Unlike the Rascovsky et al.’® and
Neary et al.’ criteria, the relative preservation of episodic memory
is not an MBCI-FTD requirement. Inspection of the neuropsycho-
logical testing revealed amnestic impairments in a subset of par-
ticipants, and there are many reports of memory problems in early
bvFTD.”*”?° Memory complaints are common in early bvFTD,™
but may not necessarily be reflective of true amnesia (e.g. word
finding difficulties are often reported as memory problems, even if
they reflect language dysfunction). We included the neuropsycho-
logical profile as a supportive feature, given its relatively low speci-
ficity. Additional neuropsychological tests of executive function
and language (e.g. Hayling Test,** spontaneous speech), or clinical
use of more sensitive cognitive tests (e.g. NIH-EXAMINER),*® would
perhaps allow for a better defined neuropsychological profile more
specific to bvFTD.

With regard to social cognition: quantifying social cognitive
deficits in bvFTD remains a flourishing research endeavour. It is
challenging because there is wide variability in the general popula-
tion, leading to difficulty establishing normative cut-offs; recent
studies suggest that longitudinal changes on tests such as the
RSMS may be more informative than a score at a single point in
time.>* In addition, many tests are highly specific to certain cul-
tures, rendering poor generalizability. In the current study, we
only had access to a limited set of questionnaires, and therefore,
in the MBCI-FTD criteria, we suggest that reduced social cognition
can be at least partially captured by tests gauging understanding
of social expectation violations or sensitivity to socio-emotional
cues. However, we did not have any measures gauging other
aspects of social cognition such as emotion processing, or indeed
any non-questionnaire tests of social cognition, many of which are
useful in quantifying social cognitive deficits in bvFTD. Examples
include the Social Cognition and Emotional Assessment (SEA or
mini-SEA),°®” The Awareness of Social Inference Test,®*7° or
Theory of Mind tests (e.g. Frith-Happé animations’*’?). We leave
open the possibility that the social cognition criterion (Criterion 2:
J) may in the future include objective impairments in other facets
of social cognition, or on other measures capturing the aspects of
social cognition examined in the current study.

Unexpectedly, hallucinations or delusions did not appear to be
a feature of prodromal bvFTD in our cohort. Psychotic features are
relatively common in FTD patients with C9orf72 or GRN muta-
tions, **%73>7% and psychosis may precede other FTD symptoms by
years.”®8%#1 However, in the Development Group only three partic-
ipants reported delusions and/or hallucinations. Even in the
Validation Group, which was more heterogeneous than the
Development Group, none of the participants experienced halluci-
nations, and only two (4%) had delusional thoughts. This should
be explored further, and regional differences should be taken into
account (e.g. UK versus USA). The presence of adult-onset
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psychotic features should not necessarily guide clinicians away
from an FTD workup.

We emphasize that the ideal definitions of the neuropsychi-
atric/behavioural features remain unknown, and different instru-
ments define features differently. Broad features may end up as a
‘catch all’ for many behavioural changes: for example, disinhib-
ition may include gambling, reckless driving, approaching strang-
ers, offensive joking, wearing malodorous clothing, and stealing.
In some cases, focal features may be included under the umbrella
of the broader feature (e.g. excessive joviality classified as disin-
hibition). We separated out features where we could, as a move-
ment away from broad definitions and towards more specific, and
potentially more clinically useful, definitions of pathological be-
haviour. Refining definitions will aid in distinguishing FTD from
psychiatric disorders (e.g. disinhibition in bipolar disorder is differ-
ent from disinhibition in FTD),®? as well as other neurodegenera-
tive disorders, as neuropsychiatric features are common across
neurodegenerative diseases.®?*5* Similarly, more refined operation-
al definitions (e.g. apathy versus anhedonia®?) may aid the devel-
opment of precise measures of these features, and indeed more
accurate clinicopathological correlations.

These preliminary criteria come with caveats regarding their
sensitivity and specificity. First, the relatively small Development
Group sample size, and the limited availability of the clinical
notes, opens the possibility that some features were ‘missed’. We
attempted to mitigate this by conducting full reviews of all avail-
able data in the whole prodromal bvFTD group, but the possibility
remains. The sample size also contributed to uncertainty in the
estimated sensitivity values (i.e. wide confidence intervals). Thus,
it will be of high importance to establish the sensitivity of these
criteria in larger cohorts of prodromal bvFTD, such as the GENFI
study, and particularly in sporadic disease. Our sample of pre-
sumed sporadic bvFTD cases was small because we required
pathological confirmation of FTLD and a clinical evaluation during
the disease prodrome, and such cases are rare. Nonetheless, the
results were promising as the criteria performed well in classifying
this sample (71%). Furthermore, although we established the spe-
cificity of the criteria against prodromal Alzheimer’s disease, a lon-
ger-term goal should be to establish their utility in differentiating
between prodromal bvFTD and other rarer neurodegenerative dis-
eases, as well as primary psychiatric disorders. Positive and nega-
tive predictive value of these criteria will need to be prospectively
determined in various clinical settings. We were bound by the
available data in this study, and that led to a dichotomous present
versus absent scoring system,; it is possible that an ‘uncertain’ rat-
ing might have improved the sensitivity of the criteria.

It is also worth highlighting that there is significant overlap in
clinical features between FTLD phenotypes, and that the bounda-
ries between diagnostic categories are often blurred; for example,
disinhibition and social cognitive dysfunction are commonly pre-
sent in primary progressive aphasia and progressive supranuclear
palsy, and motor dysfunction (e.g. parkinsonism) may develop in
bvFTD.®* The MBCI-FTD criteria were developed using patients
who went on to be diagnosed with bvFTD per the Rascovsky et al.*®
criteria, but there is a high chance that the MBCI-FTD criteria will
diagnose individuals who will ultimately also end up with other
FTLD disorders. Thus, although we use the term ‘bvFTD’ in discus-
sing this prodromal state, as this is the currently accepted termin-
ology in the field, we expect the criteria to be applicable to
individuals exhibiting the behavioural syndrome associated with
FTD, and not necessarily limited to the subset who will receive a
‘pure’, categorical diagnosis of bvFTD.

BRAIN 2022: 145; 1079-1097 | 1091

Finally, we were not able to evaluate the role of biomarkers in
this study, and the biomarker criterion (Criterion 3: B3) is intended
to capture a wide range of biomarkers that may become available
in the future. As biomarker research continues to rapidly advance,
these criteria can undergo revision, and clinical feature require-
ments may be relaxed; for example, two clinical features may be
sufficient for an MBCI-FTD diagnosis in the context of strong bio-
marker evidence. This is a proposition especially worth consider-
ing for clinical trial enrolment when a genetic mutation is present
(see Supplementary Table 5 for sensitivity and specificity analyses
of the criteria when two features are required).

We have proposed the first preliminary diagnostic criteria for
prodromal bvFTD, or MBCI-FTD, leveraging data from one of the
largest prodromal bvFTD cohorts reported to date. The criteria cor-
rectly classified 95% of the prodromal bvFTD group on which they
were developed, and 74% of a separate, more heterogeneous co-
hort (Validation Group). False positive rates were low, in both
healthy controls (7-10%) and individuals with prodromal
Alzheimer’s disease (11-16%). These criteria represent a step to-
wards defining a clinical prodrome of bvFTD, and will be valuable
for clinical trial enrolment, and for early diagnosis and counsel-
ling. Future research should prioritize validation in other, larger
cohorts.
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Definition and operationalization of each feature included in the proposed MBCI-FTD criteria.

Feature

MBCI-FTD criterion definition
Important that each of these features represents a change from previous functioning

Apathy without moderate-severe dysphoria

Behavioural disinhibition

Irritability/agitation

Repetitive behaviours (simple and complex)

Joviality/gregariousness

Appetite changes/hyperorality

Reduced empathy or sympathy

Apathy is defined as a lack of interest in or indifference towards usual or previously

rewarding activities (e.g. the patient may no longer be interested in hobbies), reduced
interest in the activities of others, a loss of motivation, a lack of spontaneity,
decreased initiation of activities or social interactions (e.g. the patient may require
prompting to finish a task, does not begin or sustain conversations with family or
friends), social withdrawal, a loss of drive. This criterion should not be considered
present if the patient reports moderate-severe dysphoria (per self-report or self-com-
pleted questionnaire, such as the Geriatric Depression Scale or the Beck Depression
Inventory). We strongly caution against using caregiver or informant reports of de-
pression here, because a lack of motivation may be interpreted by family members as
depressed mood.

Behavioural disinhibition may occur in or out of the social context, and may manifest

as: impulsive, rash or careless actions (e.g. extreme spending, gambling, reckless
driving, stealing, sharing confidential information such as a credit card number, talk-
ing to strangers as though they are friends, touching strangers), socially inappropri-
ate behaviour (e.g. using inappropriate coarse or rude language, inappropriate
laughing, offensive jokes, sexually-explicit or hurtful comments), a loss of manners
or decorum (e.g. cutting in line, belching, picking teeth), or a disregard for personal
hygiene (e.g. wearing stained clothing). Behavioural disinhibition applies even if one
understands and regrets an action. Note that if the patient is displaying excessive
joviality, this should not be counted under disinhibition but rather as its own feature.

Irritable or agitated patients tend to be overreactive, labile, impatient, or ‘cranky’. They

may be resistant to help and hard to handle at times, and may shout at family mem-
bers or others, or even hit or kick. Patients experiencing irritability or agitation may
have difficulty coping with delays or waiting for planned activities. Caregivers might
describe labile patients as being ‘quick to anger’ or ‘flying off the handle’. Mild irrit-
ability that does not represent a significant decline or change in behaviour should
not be included here. This is distinct from pseudobulbar affect, which is not part of
this criterion.

Repetitive behaviours may be simple or complex in nature. Simple perseverative behav-

iours might include: tapping, pacing, fidgeting, wrapping string, handling buttons or
other small objects, rubbing, clapping, humming, rocking, lip pursing, lip smacking,
picking or scratching, throat clearing. Complex perseverative behaviours include
compulsive and/or ritualistic behaviours. Examples include: collecting objects, hoard-
ing, counting, cleaning rituals, walking fixed routes, lining up objects in a particular
order, checking.

Patients who display joviality or gregariousness may be described as being more jocu-

lar, outgoing, friendly, or jolly than usual. The patient may act excessively happy or
be overly sociable, and may appear to ‘feel too good’.

In the MBCI-FTD criteria, appetite changes may be present in either direction [hyper-

phagia (overeating), or hypophagia (undereating)], as per the Neuropsychiatric
Inventory. However, based on clinical experience, we highlight that hyperphagia is
the more common appetite change in prodromal bvFTD, and it is rare for a prodromal
bvFTD patient to be hypophagic, unless there is concomitant amyotrophic lateral
sclerosis (ALS). Appetite changes may manifest as an increased preference for certain
types of food, particularly sweet foods or carbohydrates, or may display rigid food
preferences. Patients may engage in binge eating, and in some cases gain significant
amounts of weight. (Note, however, that in cases of ALS weight loss may be
observed.). Patients may increase their consumption of alcohol or cigarettes.
Hyperorality, or the tendency to want to put objects in the mouth, may also be
observed.

Reduced empathy or sympathy is defined as a reduced ability to read others’ emotional

cues or understand another’s point of view. It may manifest as a diminished respon-
siveness to others’ feelings or needs, or a lack or personal warmth. Patients may ap-
pear indifferent to the feelings of others, or display a lack of regard for others’
distress (affective empathy). The ability to take the perspective of others is an import-
ant aspect of empathy (cognitive empathy), and therefore patients who have diffi-
culty ‘seeing things from someone else’s point of view’ are considered to have poor
empathy. Reduced social engagement is also a common presentation of reduced

(continued)
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Continued

Feature MBCI-FTD criterion definition
Important that each of these features represents a change from previous functioning

empathy, though care should be taken to ensure that this is not simply due to apathy
(a lack of motivation to engage). Caregivers may report that the patient who lacks
empathy is ‘emotionally distant’. In terms of gathering this information in a clinical
context, we strongly suggest that reduced empathy or sympathy is ascertained from
clinical interview with a caregiver or informant. Questionnaires (such as the
Interpersonal Reactivity Index Empathic Concern or Perspective Taking subscale)
may be used for informant report, but we highlight that scores should be interpreted
against appropriate normative data.

Reduced insight Reduced insight can be ascertained by a discrepancy between the reports of caregivers
or informants and patients themselves. The patient may exhibit poor insight for cog-
nitive changes, behavioural changes, or both. Patients with motor symptoms (e.g.
from ALS) may deny or minimize these symptoms. A lack of insight into any behav-
ioural or cognitive change is enough for this feature to be present. Importantly, the
clinician should make a judgement on the reliability of the informant; if the inform-
ant has very little contact with the patient, or if it appears they may be overestimat-
ing symptoms because of their own mental state (e.g. high stress or anxiety over
diagnosis), their report may be given less weight. If no informant is available, clini-
cians should be careful in marking this criterion as present.

Neuropsychological profile The neuropsychological profile of MBCI-FTD is defined as a clinical impairment on ex-
ecutive function tests (e.g. set-shifting, letter fluency, cognitive inhibition, abstract
reasoning, planning, etc.) or naming tests, in the context of intact or relatively pre-
served time/place orientation and visuospatial skills. If there is an impairment or
relative weakness in orientation or visuospatial functioning, this criterion is not met.
We acknowledge that although in the MBCI-FTD criteria a clinical impairment on at
least one test is required (demographically-adjusted z-score < -1.5), clinically signifi-
cant relative impairments, especially if observed across multiple tests within the
same domain, should not be discounted. Likewise, change from previous cognitive
functioning or from estimated prior functioning should be considered. However, this
judgment should only be made by trained clinical neuropsychologists. We also cau-
tion against using screening tests, such as the Mini-Mental State Examination, as the
sole tool to determine the neuropsychological profile of the patient. Finally, given the
pervasiveness of executive dysfunction, and its tendency to affect performance in
other cognitive domains (e.g. complex figure drawing, memory testing), we strongly
advise that this criterion be applied based on the judgment of a clinical neuropsych-
ologist, and not subject or informant complaints.

Poor social cognition The ‘poor social cognition’ criterion should only be applied if there is meaningfully
reduced performance on a validated measure of social cognition. In developing the
MBCI-FTD criteria, we examined only two aspects of social cognition: understanding
of social expectations and socioemotional sensitivity. Reduced understanding of so-
cial expectations refers to a lack of ‘social semantic knowledge’, or a lack of know-
ledge of the contexts in which certain behaviours are appropriate, and specifically
refers to a tendency to break social rules. For example, indicating that it is acceptable
to laugh when someone else trips and falls. The endorsement of breaking multiple
social norms is particularly specific to FTD. In the current study we have used the
Social Norms Questionnaire, but note that this instrument is highly specific to North
American culture and is not necessarily suitable for use outside North America un-
less it is adapted. Poor socioemotional sensitivity refers to a sensitivity and respon-
siveness to subtle emotional expressions during face-to-face interactions, for
example having the ability to control how one comes across to others depending on
the impression they want to give. Socioemotional sensitivity can be measured with
the Revised Self-Monitoring Scale. We highlight that it is likely that there are other
aspects of social cognition (e.g. theory of mind) that will prove to be useful for this cri-
terion, and we strongly recommend that future studies consider using other social
cognition tools in the context of the MBCI-FTD criteria. This criterion will benefit
from future refinement, and we intend for this criterion to encompass impairments
on social cognition tasks beyond the two tests we had access to in the current study
Caution is recommended when assessing social cognition, as this ability varies wide-
ly in the general population; therefore, special care must be taken to ensure that this
represents a change from previous functioning.

The presence of behavioural/neuropsychiatric features can be ascertained by clinical interview and with questionnaires, such as the Neuropsychiatric Inventory,® the Frontal
Behavioral Inventory,? the Frontal Systems Behavior Scale,® or the Cambridge Behavioural Inventory.*
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listed below. Full details are provided in the Supplementary
material.

Tatiana Foroud, Daniel Kaufer, Walter Kremers, Gabriel Leger,
Chiadi Onyike, Aaron Ritter, Erik D. Roberson, Sandra Weintraub.

References

1. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild
cognitive impairment due to Alzheimer’s disease:
Recommendations from the National Institute on Aging-
Alzheimer’s Association workgroups on diagnostic guidelines
for Alzheimer’s disease. Alzheimers Dement. 2011;7(3):270-279.

2. McKeith IG, Ferman TJ, Thomas AJ, et al.; for the prodromal DLB
Diagnostic Study Group. Research criteria for the diagnosis of
prodromal dementia with Lewy bodies. Neurology. 2020;94(17):
743-755.

3. Erkkinen MG, Kim M-O, Geschwind MD. Clinical neurology and
epidemiology of the major neurodegenerative diseases. Cold
Spring Harb Perspect Biol. 2018;10(4):a033118.

4. Snowden JS, Neary D, Mann D. Autopsy proven sporadic fronto-
temporal dementia due to microvacuolar-type histology, with
onset at 21 years of age. ] Neurol Neurosurg Psychiatry. 2004;75(9):
1337-1339.

5. Greaves CV, Rohrer JD. An update on genetic frontotemporal
dementia. ] Neurol. 2019;266(8):2075-2086.

6. Onyike CU, Diehl-Schmid J. The epidemiology of frontotempo-
ral dementia. Int Rev Psychiatry. 2013;25(2):130-137.

7. Jiskoot LC, Dopper EGP, den Heijer T, et al. Presymptomatic cog-
nitive decline in familial frontotemporal dementia: A longitu-
dinal study. Neurology. 2016;87(4):384-391.

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

9. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar
degeneration: A consensus on clinical diagnostic criteria.
Neurology. 1998;51(6):1546-1554.

10. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised
diagnostic criteria for the behavioural variant of frontotemporal
dementia. Brain. 2011;134(Pt 9):2456-2477.

11. Tavares TP, Mitchell DGV, Coleman KK, et al. Early symptoms
in symptomatic and preclinical genetic frontotemporal lobar
degeneration. ] Neurol Neurosurg Psychiatry. 2020;91(9):975-984.

12. Malpetti M, Jones PS, Tsvetanov KA, et al. Apathy in presympto-
matic genetic frontotemporal dementia predicts cognitive de-
cline and is driven by structural brain changes. Alzheimers
Dement. 2020;17(6):969-983.

13. Kertesz A, Ang LG, Jesso S, et al. Psychosis and Hallucinations in
FTD with CO9ORF72 mutation: A detailed clinical cohort. Cogn
Behav Neurol Off] Soc Behav Cogn Neurol. 2013;26(3):146-154.

14. Snowden JS, Rollinson S, Thompson JC, et al. Distinct clinical
and pathological characteristics of frontotemporal dementia
associated with C9ORF72 mutations. Brain. 2012;135(3):693-708.

15. Solje E, Aaltokallio H, Koivumaa-Honkanen H, et al. The pheno-
type of the C9ORF72 expansion carriers according to revised cri-
teria for bvFTD. PLoS ONE. 2015;10(7):e0131817.

16. Harciarek M, Cosentino S. Language, executive function and so-
cial cognition in the diagnosis of frontotemporal dementia syn-
dromes. Int Rev Psychiatry Abingdon Engl. 2013;25(2):178-196.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

BRAIN 2022: 145; 1079-1097 | 1095

Cheran G, Wu L, Lee S, et al. Cognitive indicators of preclinical
behavioral variant frontotemporal dementia in MAPT carriers. ]
Int Neuropsychol Soc. 2019;25(2):184-194.

Jiskoot LC, Panman JL, van Asseldonk L, et al. Longitudinal cog-
nitive biomarkers predicting symptom onset in presympto-
matic frontotemporal dementia. ] Neurol. 2018;265(6):1381-1392.
Ranasinghe KG, Rankin KP, Lobach IV, et al. Cognition and
neuropsychiatry in behavioral variant frontotemporal demen-
tia by disease stage. Neurology. 2016;86(7):600-610.

Korhonen T, Katisko K, Cajanus A, et al. Comparison of pro-
dromal symptoms of patients with behavioral variant fronto-
temporal dementia and Alzheimer disease. Dement Geriatr Cogn
Disord. 2020;49(1):98-99.

Ismail Z, Agliera-Ortiz L, Brodaty H, et al.; NPS Professional
Interest Area of the International Society of to Advance
Alzheimer’s Research and Treatment (NPS-PIA of ISTAART).
The Mild Behavioral Impairment Checklist (MBI-C): A rating
scale for neuropsychiatric symptoms in pre-dementia popula-
tions. J Alzheimers Dis JAD. 2017;56(3):929-938.

Ismail Z, Smith EE, Geda Y, et al.; ISTAART Neuropsychiatric
Symptoms Professional Interest Area. Neuropsychiatric symp-
toms as early manifestations of emergent dementia:
Provisional diagnostic criteria for mild behavioral impairment.
Alzheimers Dement ] Alzheimers Assoc. 2016;12(2):195-202.
Taragano F, Allegri R, Krupitzki H, et al. Mild behavioral impair-
ment and risk of dementia. J Clin Psychiatry. 2009;70(4):584-592.
Boeve B, Bove J, Brannelly P, et al.; LEFFTDS Consortium. The
longitudinal evaluation of familial frontotemporal dementia
subjects protocol: Framework and methodology. Alzheimers
Dement ] Alzheimers Assoc. 2020;16(1):22-36.

Heuer HW, Wang P, Rascovsky K, et al.; ARTFL and LEFFTDS
consortia. Comparison of sporadic and familial behavioral vari-
ant frontotemporal dementia (FTD) in a North American cohort.
Alzheimers Dement. 2020;16(1):60-70.

Kornak ], Fields ], Kremers W, et al; ARTFL/LEFFTDS
Consortium. Nonlinear Z-score modeling for improved detec-
tion of cognitive abnormality. Alzheimers Dement Diagn Assess
Dis Monit. 2019;11:797-808.

Miyagawa T, Brushaber D, Syrjanen J, et al.; ARTFL/LEFFTDS
Consortium. Use of the CDR® plus NACC FTLD in mild FTLD:
Data from the ARTFL/LEFFTDS consortium. Alzheimers Dement ]
Alzheimers Assoc. 2020;16(1):79-90.

Miyagawa T, Brushaber D, Syrjanen J, et al. Utility of the global
CDR® plus NACC FTLD rating and development of scoring rules:
Data from the ARTFL/LEFFTDS Consortium. Alzheimers Dement ]
Alzheimers Assoc. 2020;16(1):106-117.

Olney NT, Ong E, Goh S-YM, et al.; ARTFL and LEFFTDS consor-
tia. Clinical and volumetric changes with increasing functional
impairment in familial frontotemporal lobar degeneration.
Alzheimers Dement ] Alzheimers Assoc. 2020;16(1):49-59.

Ramos EM, Dokuru DR, Van Berlo V, et al.; ARTFL/LEFFTDS con-
sortium. Genetic screening of a large series of North American
sporadic and familial frontotemporal dementia cases.
Alzheimers Dement. 2020;16(1):118-130.

Rosen HJ, Boeve BF, Boxer AL. Tracking disease progression in
familial and sporadic frontotemporal lobar degeneration:
Recent findings from ARTFL and LEFFTDS. Alzheimers Dement ]
Alzheimers Assoc. 2020;16(1):71-78.

Staffaroni AM, Cobigo Y, Goh S-YM, et al.; ARTFL/LEFFTDS con-
sortium. Individualized atrophy scores predict dementia onset
in familial frontotemporal lobar degeneration. Alzheimers
Dement ] Alzheimers Assoc. 2020;16(1):37-48.

Beekly DL, Ramos EM, Lee WW, et al.; NIA Alzheimer’s Disease
Centers. The National Alzheimer’s Coordinating Center (NACC)


https://academic.oup.com/brain/article-lookup/doi/10.1093/brain/awab365#supplementary-data
https://academic.oup.com/brain/article-lookup/doi/10.1093/brain/awab365#supplementary-data

1096 | BRAIN 2022: 145; 1079-1097

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

database: The Uniform Data Set. Alzheimer Dis Assoc Disord.
2007;21(3):249-258.

Besser L, Kukull W, Knopman DS, et al.; Neuropsychology Work
Group, Directors, and Clinical Core leaders of the National
Institute on Aging-funded US Alzheimer’s Disease Centers.
Version 3 of the National Alzheimer’s coordinating center’s uni-
form data set. Alzheimer Dis Assoc Disord. 2018;32(4):351-358.
Morris JC, Weintraub S, Chui HC, et al. The Uniform Data Set
(UDS): Clinical and cognitive variables and descriptive data
from Alzheimer Disease Centers. Alzheimer Dis Assoc Disord.
2006;20(4):210-216.

Besser LM, Kukull WA, Teylan MA, et al. The Revised National
Alzheimer’s Coordinating Center’s neuropathology form-avail-
able data and new analyses. ] Neuropathol Exp Neurol. 2018;77(8):
717-726.

Cheran G, Silverman H, Manoochehri M, et al. Psychiatric symp-
toms in preclinical behavioural-variant frontotemporal demen-
tia in MAPT mutation carriers. J Neurol Neurosurg Psychiatry.
2018;89(5):449-455.

Dominguez-Vivero C, Wu L, Lee S, et al. Structural brain
changes in pre-clinical FTD MAPT mutation carriers. ]
Alzheimers Dis JAD. 2020;75(2):595-606.

Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new
clinical scale for the staging of dementia. Br J Psychiatry ] Ment
Sci. 1982;140:566-572.

Knopman DS, Kramer JH, Boeve BF, et al. Development of meth-
odology for conducting clinical trials in frontotemporal lobar
degeneration. Brain. 2008;131(Pt 11):2957-2968.
Montine TJ, Phelps CH, Beach TG, et al;
Association. National institute on aging-Alzheimer’s associ-
ation guidelines for the neuropathologic assessment of
Alzheimer’s disease: A practical approach. Acta Neuropathol
(Berl)). 2012;123(1):1-11.

Hyman BT, Phelps CH, Beach TG, et al. National institute on
aging-Alzheimer’s Association guidelines for the neuropatho-
logic assessment of Alzheimer’s disease. Alzheimers Dement ]
Alzheimers Assoc. 2012;8(1):1-13.

Weintraub S, Besser L, Dodge HH, et al. Version 3 of the
Alzheimer Disease Centers’ neuropsychological test battery in
the Uniform Data Set (UDS). Alzheimer Dis Assoc Disord. 2018;
32(1):10-17.

Alzheimer’s

. Kaufer DI, Cummings JL, Ketchel P, et al. Validation of the NPI-

Q, a brief clinical form of the neuropsychiatric inventory. J
Neuropsychiatry Clin Neurosci. 2000;12(2):233-239.doi:
10.1176/jnp.12.2.233

Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): Recent
evidence and development of a shorter version. Clin Gerontol J
Aging Ment Health. 1986;5(1-2):165-173.

Davis MH. Measuring individual differences in empathy:
Evidence for a multidimensional approach. J Pers Soc Psychol.
1983;44(1):113-126.

Schneider LS, Olin JT, Doody RS, et al. Validity and reliability of
the Alzheimer’s Disease Cooperative Study-clinical global im-
pression of change. The Alzheimer’s disease cooperative study.
Alzheimer Dis Assoc Disord. 1997;11 (Suppl 2):522-S32.
Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal
Cognitive Assessment, MoCA: A brief screening tool for mild
cognitive impairment. ] Am Geriatr Soc. 2005;53(4):695-699.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res. 1975;12(3):189-198.

Ganguli M, Sun Z, McDade E, et al. That’s inappropriate! Social
norms in an older population-based cohort. Alzheimer Dis Assoc
Disord. 2018;32(2):150-155.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

M. S. Barker et al.

Lennox RD, Wolfe RN. Revision of the self-monitoring scale. J
Pers Soc Psychol. 1984;46(6):1349-1364.

Shinagawa S, Nakajima S, Plitman E, et al. Psychosis in fronto-
temporal dementia. J Alzheimers Dis. 2014;42(2):485-499.

Stuss DT, Bisschop SM, Alexander MP, Levine B, Katz D,
Izukawa D. The trail making test: A study in focal lesion
patients. Psychol Assess. 2001;13(2):230-239.

Toller G, Ranasinghe K, Cobigo Y, et al.; the ARTFL/LEFFTDS
Consortium. Revised Self-Monitoring Scale: A potential end-
point for frontotemporal dementia clinical trials. Neurology.
2020;94(22):e2384-e2395.

Chan AS, Butters N, Salmon DP, McGuire KA. Dimensionality
and clustering in the semantic network of patients with
Alzheimer’s disease. Psychol Aging. 1993;8(3):411-419.

Martin A, Fedio P. Word production and comprehension in
Alzheimer’s disease: The breakdown of semantic knowledge.
Brain Lang. 1983;19(1):124-141.

Monsch AU, Bondi MW, Butters N, et al. A comparison of cat-
egory and letter fluency in Alzheimer’s disease and
Huntington'’s disease. Neuropsychology. 1994;8(1):25-30.

Barker MS, Manoochehri M, Rizer SJ, et al.; ALLFTD consortium.
Recognition memory and divergent cognitive profiles in pro-
dromal genetic frontotemporal dementia. Cortex. 2021;139:
99-115.

Poos JM, Jiskoot LC, Leijdesdorff SMJ, et al. Cognitive profiles dis-
criminate between genetic variants of behavioral frontotempo-
ral dementia. J Neurol. 2020;267(6):1603-1612.

McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and man-
agement of dementia with Lewy bodies. Neurology. 2017;89(1):
88-100.

Woolley JD, Khan BK, Murthy NK, Miller BL, Rankin KP. The
diagnostic challenge of psychiatric symptoms in neurodegener-
ative disease; rates of and risk factors for prior psychiatric diag-
nosis in patients with early neurodegenerative disease. J Clin
Psychiatry. 2011;72(02):126-133.

Shaw SR, El-Omar H, Roquet D, et al. Uncovering the prevalence
and neural substrates of anhedonia in frontotemporal demen-
tia. Brain. 2021;144(5):1551-1564.

Ducharme S, Dols A, Laforce R, et al. Recommendations to dis-
tinguish behavioural variant frontotemporal dementia from
psychiatric disorders. Brain. 2020;143(6):1632-1650.

Burgess PW, Shallice T. The Hayling and Brixton test manual.
Thames Valley Test Company; 1997.

Staffaroni AM, Bajorek L, Casaletto KB, et al.; on behalf of the
ARTFL/LEFFTDS consortium. Assessment of executive function
declines in presymptomatic and mildly symptomatic familial
frontotemporal dementia: NIH-EXAMINER as a potential clinic-
al trial endpoint. Alzheimers Dement. 2020;16(1):11-21.

Bertoux M, Delavest M, de Souza LC, et al. Social cognition and
emotional assessment differentiates frontotemporal dementia
from depression. ] Neurol Neurosurg Psychiatry. 2012;83(4):
411-416.

Funkiewiez A, Bertoux M, de Souza LC, Lévy R, Dubois B. The
SEA (social cognition and emotional assessment): A clinical
neuropsychological tool for early diagnosis of frontal variant of
frontotemporal lobar degeneration. Neuropsychology. 2012;26(1):
81-90.

McDonald S, Bornhofen C, Shum D, Long E, Saunders C,
Neulinger K. Reliability and validity of The Awareness of Social
Inference Test (TASIT): A clinical test of social perception.
Disabil Rehabil. 2006;28(24):1529-1542.

Shany-Ur T, Poorzand P, Grossman SN, et al. Comprehension of
insincere communication in neurodegenerative disease: Lies,
sarcasm, and theory of mind. Cortex J Devoted Study Nerv Syst
Behav. 2012;48(10):1329-1341.



Proposed criteria for prodromal bvFTD

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kumfor F, Honan C, McDonald S, Hazelton JL, Hodges JR, Piguet
O. Assessing the “social brain” in dementia: Applying TASIT-S.
Cortex ] Devoted Study Nerv Syst Behav. 2017;93:166-177.

Synn A, Mothakunnel A, Kumfor F, et al. Mental states in mov-
ing shapes: Distinct cortical and subcortical contributions to
theory of mind impairments in dementia. ] Alzheimers Dis. 2018;
61(2):521-535.

White SJ, Coniston D, Rogers R, Frith U. Developing the Frith-
Happé animations: A quick and objective test of Theory of Mind
for adults with autism. Autism Res Off ] Int Soc Autism Res. 2011,
4(2):149-154.

Ducharme S, Bajestan S, Dickerson BC, Voon V. Psychiatric pre-
sentations of C9orf72 mutation: What are the diagnostic impli-
cations for clinicians? ] Neuropsychiatry Clin Neurosci. 2017;29(3):
195-205.

Hall D, Finger EC. Psychotic symptoms in frontotemporal de-
mentia. Curr Neurol Neurosci Rep. 2015;15(7):46.

Le Ber I, Camuzat A, Hannequin D, et al.; French research net-
work on FTD/FTD-MND. Phenotype variability in progranulin
mutation carriers: A clinical, neuropsychological, imaging and
genetic study. Brain. 2008;131(Pt 3):732-746.

Shinagawa S, Naasan G, Karydas AM, et al. Clinicopathological
study of patients with C9ORF72-associated frontotemporal de-
mentia presenting with delusions. ] Geriatr Psychiatry Neurol.
2015;28(2):99-107.

Silverman HE, Goldman JS, Huey ED. Links between the C90rf72
repeat expansion and psychiatric symptoms. Curr Neurol
Neurosci Rep. 2019;19(12):93.

Naasan G, Shdo SM, Rodriguez EM, et al. Psychosis in neurode-
generative disease: Differential patterns of hallucination and
delusion symptoms. Brain. 2021;144(3):999-1012.

Benussi A, Premi E, Gazzina S, et al.; Genetic FTD Initiative (GENFI).
Progression of behavioral disturbances and neuropsychiatric

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

BRAIN 2022: 145; 1079-1097 | 1097

symptoms in patients with genetic frontotemporal dementia.
JAMA Netw Open. 2021;4(1):e2030194.

Block NR, Sha §J, Karydas AM, et al. Frontotemporal dementia
and psychiatric illness: Emerging clinical and biological links in
gene carriers. AmJ Geriatr Psychiatry. 2016;24(2):107-116.
Kaivorinne A-L, Bode MK, Paavola L, et al. Clinical characteris-
tics of C9ORF72-linked frontotemporal lobar degeneration.
Dement Geriatr Cogn Disord Extra. 2013;3(1):251-262.

Huey ED. A critical review of behavioral and emotional disin-
hibition. ] Nerv Ment Dis. 2020;208(4):344-351.

Cummings JL. The role of neuropsychiatric symptoms in re-
search diagnostic criteria for neurodegenerative diseases. AmJ
Geriatr Psychiatry. 2021;29(4):375-383.

Barker MS, Silverman HE, Fremont R, Manoochehri M,
Cosentino S, Huey ED. “Everything hurts!” Distress in semantic
variant primary progressive aphasia. Cortex. 2020;127:396-398.
Murley AG, Coyle-Gilchrist I, Rouse MA, et al. Redefining the
multidimensional clinical phenotypes of frontotemporal lobar
degeneration syndromes. Brain. 2020;143(5):1555-1571.
Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi
DA, Gornbein J. The Neuropsychiatric Inventory:
Comprehensive assessment of psychopathology in dementia.
Neurology. 1994;44(12):2308-2308.

Kertesz A, Nadkarni N, Davidson W, Thomas A. The Frontal
Behavioral Inventory in the differential diagnosis of frontotem-
poral dementia. ] Int Neuropsychol Soc. 2000;6(4):460-468.

Stout JC, Ready RE, Grace ], Malloy PF, Paulsen JS. Factor analysis
of the frontal systems behavior scale (FrSBe). Assessment. 2003;
10(1):79-85.

Bozeat S, Gregory CA, Ralph MA, Hodges JR. Which neuro-
psychiatric and behavioural features distinguish frontal and
temporal variants of frontotemporal dementia from
Alzheimer’s disease? ] Neurol Neurosurg Psychiatry. 2000;69(2):
178-186.



	tblfn1
	tblfn61
	tblfn62
	tblfn63
	tblfn5
	tblfn6
	tblfn7
	tblfn8
	tblfn9
	tblfn10
	tblfn11
	tblfn12
	tblfn31
	tblfn13
	tblfn14
	app1
	tblfn15

