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Abstract

INTRODUCTION: Here we set out to create a symptom-led staging system for the

canonical semantic and non-fluent/agrammatic variants of primary progressive apha-

sia (PPA), which present unique diagnostic and management challenges not well

captured by functional scales developed for Alzheimer’s disease and other dementias.

METHODS: An international PPA caregiver cohort was surveyed on symptom devel-

opment under six provisional clinical stages and feedback was analyzed using a

mixed-methods sequential explanatory design.

RESULTS: Both PPA syndromes were characterized by initial communication dys-

function and non-verbal behavioral changes, with increasing syndromic convergence

and functional dependency at later stages. Milestone symptoms were distilled to
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create a prototypical progression and severity scale of functional impairment: the PPA

Progression Planning Aid (“PPA-Squared”).

DISCUSSION: This work introduces a symptom-led staging scheme and functional

scale for semantic and non-fluent/agrammatic variants of PPA. Our findings have

implications for diagnostic and care pathway guidelines, trial design, and personalized

prognosis and treatment for PPA.

KEYWORDS

frontotemporal dementia, primary progressive aphasia, primary progressive non-fluent/
agrammatic aphasia, progression planning aid, semantic dementia, staging

Highlights

∙ We introduce new symptom-led perspectives on primary progressive aphasia (PPA).

∙ The focus is on non-fluent/agrammatic (nfvPPA) and semantic (svPPA) variants.

∙ Foregrounding of early and non-verbal features of PPA and clinical trajectories is

featured.

∙ We introduce a symptom-led staging scheme for PPA.

∙ We propose a prototype for a functional impairment scale, the PPA Progression

Planning Aid.

1 INTRODUCTION

Primary progressive aphasias (PPA) are language-led dementias that

pose challenges for diagnosis and management.1–9,10 Information on

the evolving daily-life impact of PPA is limited:9 there is no clear

“roadmap” for the development of deficits/disability and care plan-

ning for patients and families.4,5 While the value of clinical staging in

neurodegenerative diseases is widely acknowledged,9,11–14 assessing

disease burden objectively in dementia is problematic, the pathophys-

iological milestones of disease progression are often unknown, and

there is wide individual variation in phenotypic expression. All these

challenges are amplified in PPA, reflecting the complexity of language

functions, a comparative lack of reliable in vivo progression biomarkers

andmarked phenotypic heterogeneity.2,3,15–17

The canonical syndromes of PPA comprise the non-

fluent/agrammatic variant (nfvPPA), ledby impaired speechproduction

and/or agrammatism; the semantic variant (svPPA), led by breakdown

of vocabulary and semantic memory for non-verbal objects and

concepts; and the logopenic variant (lvPPA), presenting with anomia

and reduced verbal short-term memory.15,18 This formulation masks

considerable variability, and excludes a substantial minority of cases

not meeting criteria for a canonical syndrome, even early in the

illness.2,3,6,19 Clinical experience suggests that patients with these

conditions transition through differentiable stages of impairment and

functional disability:20 a “stage” here constituting a constellation of

problems, developing as part of a sequence that is broadly similar

among patients with each subtype. Early, there is often loss of facility

with structured verbal exchanges and subtle changes in social behav-

ior, while late-stage disease tends to exhibit motor and other physical

impairments, often accompanied by profound behavioral changes.6,8,10

Clinical experience further suggests that the sequence of impairments

follows a trajectory that differs among syndromes.10,21

Existing staging instruments rest primarily on concepts of disease

impact formulated by clinicians, rather than the lived experience of

patients and caregivers. Moreover, concepts of clinical progression

underpinning these instruments have often been informed by expe-

rience with the most common dementia, Alzheimer’s disease (AD).

Standard instruments11,22 do not assess language and communication

functions sufficiently for staging PPA. Clinical severity rating scales

more relevant to PPA—notably the Frontotemporal Dementia Rating

Scale (FRS),12 ClinicalDementiaRating+NationalAlzheimer’sDisease

Coordinating Center Frontotemporal Lobar Degeneration scale,23,24

and Progressive Aphasia Severity Scale (PASS)25—do not cover the

full gamut of symptoms associated with these syndromes. The FRS,

for example, lacks granularity for assessing communication functions

while the PASS does not include non-language symptoms, which may

dictate the functional impact of evolving PPA.6,7,10,26–28 Whereas

lvPPA is most often underpinned by AD pathology and shows exten-

sive convergence with other AD variants,28–30 nfvPPA and svPPA

are usually associated with non-AD pathologies in the frontotemporal

dementia spectrum and have phenotypic features that are not encom-

passed by staging schemes oriented to AD. Accordingly, nfvPPA and

svPPA are our focus in this study.

Here we set out to generate a databank with granular detail about

symptom evolution in these PPA syndromes; and to derive from this

a clinical staging scheme and a prototypical, symptom-led, functional

impairment rating scale, the PPA Progression Planning Aid (“PPA-

Squared”). We envisaged this enterprise as synthesizing “top-down”
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HARDY ET AL. 3

expertise of researchers and clinicians and “bottom-up” perspectives of

thosewith lived experience of PPA (Figure 1). Datawere collected from

a large, international cohort of English-speaking patients with PPA and

primary caregivers. Following previous approaches,31–33 caregivers

completed a detailed survey on symptom development in PPA, tap-

ping their lived experience. Acknowledging the important roles of both

quantitative and qualitative feedback, we adopted a mixed-methods

sequential explanatory design.34 Our guiding objectiveswere to obtain

from the surveys a detailed picture of the evolution of svPPA and

nfvPPA, based on lived experience; to collate survey data into succinct

descriptions of different “stages” of illness evolution; to capture quali-

tatively caregivers’ impressions of illness impact and trajectory and the

value of the staging exercise; and to distill the survey data into a pro-

gression and severity rating scale of daily life functional impairment,

highlighting clinical milestones of illness evolution.

2 METHODS

2.1 Exploratory survey

An initial putative list and ordering of PPA symptoms was proposed by

two of the authors (C.J.D.H. and J.D.W.), based on clinical observations

in the Dementia Research Centre PPA cohort, detailed review of case

notes for patients with PPA attending the Specialist Cognitive Disor-

ders Clinic at the National Hospital for Neurology and Neurosurgery,

University College London, and a narrative review of the published

literature on PPA (summarized in the Introduction). Symptoms cov-

ered domains of verbal communication (A) and non-verbal functioning

(non-verbal thinking and personality, B1; personal care andwell-being,

B2). Using an online survey hosted on the Opinio platform, qualita-

tive feedback on the symptoms was gathered from 84 caregivers for

people with a canonical syndrome of PPA who were registered with

the United Kingdom national PPA Support Group.35 Data were col-

lected between October 2018 and January 2019, and respondents

comprised 41 caregivers of people with svPPA, and 43 with nfvPPA;

all had had longstanding personal contact with the patients whose ill-

ness they described. Based on this survey, we expanded the list of

symptoms and created a provisional six-stage framework for ordering

symptoms of functional impairment in svPPA and nfvPPA separately,

ranging from stage 1 (least severe) to 6 (most severe). To aid care-

givers in responding, we added descriptions of the daily life impacts for

each stage, broadly basedon theReisbergGlobalDeteriorationScale11

(Table S1 in supporting information) as well as descriptors used previ-

ously in stages for another rare dementia, posterior cortical atrophy;36

see Table S2 and Table S3 in supporting information.

2.2 Consolidation of the provisional stages

The provisional stages for each PPA syndrome were next entered

into another online, mixed-methods “consolidation” survey, designed

to allow us to refine the provisional staging framework. This second

RESEARCH INCONTEXT

1. Systematic review: We conducted a narrative literature

review using traditional (e.g., PubMed) sources andmeet-

ing abstracts. While staging instruments are available for

primary progressive aphasia (PPA), these rest primarily

on concepts of disease severity and evolution formulated

by clinicians, rather than the lived experience of patients

and caregivers.

2. Interpretation: Our findings argue for a fresh consensus

on diagnostic and management guidelines for seman-

tic (svPPA) and non-fluent/agrammatic (nfvPPA) variants,

to take account of important emerging themes in the

clinical phenotyping of these patients, and highlight the

importance of learning from people with lived experi-

ence of these conditions, in conjunction with clinical and

research-derived observations.

3. Future directions: We propose a symptom-led staging

scheme and functional scale for svPPA and nfvPPA: the

PPA Progression Planning Aid (“PPA-Squared”). We hope

this work will aid clinical care and motivate multidimen-

sional, international collaborations to take the essential

(and challenging) next steps toward validation.

survey was refined for comprehensibility and presentation based on

feedback from the exploratory survey and published guidelines for

online research survey design,37 and was again hosted on the Opinio

platform. This voluntary surveywas distributed via e-mail to caregivers

comprising members of the UK PPA Support Group and PPA support

groups inMelbourne and Sydney, Australia. Both current and bereaved

caregivers were surveyed, to allow us to include information about

late-stage disease, and data were collected between February 2020

and April 2020 for UK PPA Support Group respondents and between

January 2021 and May 2021 for Australian support group respon-

dents. All caregivers had again had longstanding personal contact with

the patients whose illness they described.

At the top of the survey, caregiver respondents first identified the

major syndromic diagnosis for which they were filling out the sur-

vey and provided information about their relationship to the patient,

and the patient’s age currently, at symptom onset, when first assessed

medically, and when diagnosed. The symptom labels presented to

respondents in the consolidation survey are given in full in Tables S2

and S3. Customized symptom lists were presented under each stage

according to the syndromic PPA diagnosis with which the respondent

self-identified at the top of the survey; this was to ensure respondent

caregivers were able to focus on symptoms most relevant to “their”

syndrome, while keeping their taskmanageable. A given PPA stage will

be defined by a particular conjunction of symptoms; however, there

was no prior “ground truth” to determine the correct conjunction for

each stage. For each symptom, survey respondents were therefore
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4 HARDY ET AL.

F IGURE 1 Development of the Primary Progressive Aphasia Progression Planning Aid (PPA−Squared). The figure illustrates the different
sources of information incorporated in PPA-Squared. Data were synthesized from “top-down” sources to characterize what was known from a
clinician/researcher perspective (i.e., clinician-led interpretation of patient records, histories, and neuropsychological test scores) and from
“bottom-up” sources to capture crucial information from those with lived experience of the conditions (i.e., patient/caregiver-derived symptoms
collected on surveys, and organized, prioritized, and amended to reflect their lived experience of disease progression).We present two levels of
illness description that clinicians and people with lived experience of PPAmay find useful: the initial six stage ordering with a granular overview of
specific symptoms (see Figures 2 and 3); and the PPA-Squared (Table 3), a distillation of the survey data to create a clinically applicable staging
scheme for clinician scoring of illness progression and severity, under the same broad functional domains presented in the figures.

asked to indicate whether, based on proximity to other symptoms and

the overarching stage description (Table S1), the symptombegan at the

stage to which it was provisionally assigned, if it began at an earlier

or a later stage (and which one), or if it was absent altogether (i.e., the

respondent did not recognize that symptom as ever having been expe-

rienced over the course of the patient’s illness to date). We assumed

that respondents for patients who were earlier in the course of their

illness would not recognize most symptoms assigned provisionally to

later PPA stages;moreover,wewished to avoid causing distress by con-

fronting respondents with symptoms they might not have anticipated.

Respondentswere therefore able todiscontinue this first sectionof the

survey at any point. The point at which the respondent discontinued

this section of the survey was taken to indicate that patient’s current

PPA stage. Participants were able to review and edit their responses at

any point via a “Back” button.

In the next section of the survey, respondents were presented with

a representative list of symptoms present (1) in the other PPA variant

(sampling each of the domains A, B1, and B2), and (2) (principally as an

internal “control,” to asses response bias) in a staging system for a clin-

ically distinct, “visual” dementia (posterior cortical atrophy [PCA])36:

for each of these symptoms, caregivers were again asked to indicate

whether the symptomwaspresent, and if so, towhich stage it should be

assigned. They were additionally given the opportunity to make addi-

tional comments about symptoms not covered elsewhere in the survey,

and their impressions of the staging system in its current form, for the

purpose of qualitative analysis.

2.3 Validation of diagnosis

To allow us to estimate the overall validity of syndromic diagnoses as

listed by caregivers in the consolidation survey, survey respondents

recruited from the UK PPA Support Group were given the option of

including their name when they completed the survey. When this was

volunteered, we were able to cross-check whether that caregiver–

patient dyad had previously participated in the PPA research program

at Queen Square and if they had, to check that the diagnosis listed in

the survey for that person livingwithPPAwas corroboratedbydetailed

neuropsychological and neuroimaging data in the research database.

2.4 Analysis of clinical and demographic data

Clinical anddemographic datawereanalyzedusing JASPversion0.16.2

and Stata version 14.2. Groups (i.e., variants) were compared using

analyses of variance for continuous variables and Fisher exact tests for

categorical variables.

2.5 Quantitative analysis of survey responses

For each symptom in the consolidation survey, we calculated the

percentage of respondents who had declared that symptom to be

“present,” regardless of PPA subtype or stage; a symptomwas retained

only if a majority (at least 50%) of caregivers who provided a response

to a given symptom reported it was present at some stage. In addi-

tion, we calculated the percentage of respondents who considered

each symptom had been assigned to the correct stage. If a majority

of respondents considered a symptom should be reassigned to an ear-

lier or later stage, it was reassigned accordingly. When a symptomwas

assigned to more than one stage (e.g., the majority was tied across

two stages), it was retained only at the earlier stage for which it first

achieved criterion (because in general, the earliest appearance of a

symptom is most informative for signaling disease progression and/or
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HARDY ET AL. 5

planning care needs). We assessed the “confidence” of stage assign-

ment for each symptom as the proportion of respondents for that

symptom in agreement with the final stage to which the symptom was

assigned.

2.6 Qualitative analysis of survey responses

Caregiver comments on the exploratory and consolidation surveys

were analyzed qualitatively using framework analysis.38,39 A tentative

framework was proposed by one of the authors (C.J.D.H.) after famil-

iarization with the whole dataset. This initial coding framework was

then applied to a subsample of 20% of the dataset, which was then

reviewed by another author (E.H.); discrepancies or differing inter-

pretations were reviewed and discussed. Based on this consensus, a

thematic framework was developed using tables of data in Microsoft

Excel (v2016) and applied to the full survey dataset.

2.7 Generation of a prototype functional
impairment scale for PPA

We used the clinical stages defined in the caregiver surveys to derive

a prototype functional impairment scale (the PPA Progression Plan-

ning Aid, “PPA-Squared”) for svPPA and nfvPPA, incorporating key

symptoms relevant to daily life functioning over the course of the ill-

ness. Symptoms comprising this scalewere categorizedunder the same

three broad functional domains presented in Figures 2 and 3 (com-

munication; non-verbal thinking and personality; personal care and

well-being). Symptoms were selected on the basis that they signaled

significant illness transitions or “milestones” relevant to occupational

and social activities, personal needs, and other important aspects

of daily life functioning. Ordering of symptoms was guided by the

six-stage survey staging scheme; however, in addition to symptom

progression the scale was designed to capture changes in symptom

severity that might develop at varying points in the illness for differ-

ent functional domains and in different individuals. Thus, we organized

the PPA-Squared scale under different “levels” of symptom severity,

allowing each functional domain to be scored separately. The corre-

spondence of these levels to the overall illness stages from the survey

is further elaborated below. In addition, mindful of future clinical

applications, in compiling the scale we distilled the original symptom

descriptors (as presented to caregivers; see Table S1) to succinct labels.

2.8 Ethical approval

Data for this study from UK PPA Support Group members were

collected under the Rare Dementia Support (RDS) Impact Study pro-

tocol, which has been published separately.40 Ethical approval was

granted by the University College London Research Ethics Commit-

tee (8545/004: Rare Dementia Support [RDS] Impact Study). Addi-

tional local site approval for support group members in Sydney was

granted by the South Eastern Sydney Local Health District HREC

(2020/ETH02530). All survey respondents gave informed consent, in

accordance with Declaration of Helsinki guidelines. Survey data were

downloaded from the online platform and stored within the Univer-

sity College London Data Safe Haven to protect against unauthorized

access.

2.9 Data availability

Thedata that support the findings of this study are available on request

from the corresponding author. The data are not publicly available as

they include information that could compromise the privacy of the

research participants.

3 RESULTS

The final stages are presented in Figure 2 for svPPA and Figure 3 for

nfvPPA. The raw data supporting the stage assignments are presented

in Tables S2 (for svPPA) and Table S3 (for nfvPPA). Demographic and

clinical characteristics of patients whose data were provided for the

caregiver consolidation survey are summarized in Table 1. Themes,

subthemes, and illustrative caregiver comments from the qualitative

framework analysis are presented in Table 2. Prototype functional

impairment rating scales for svPPA and nfvPPA are given in Table 3.

3.1 Demographic and clinical characteristics

The survey was accessed a total of 206 times. Respondents included

37 caregivers for people with lvPPA, not further considered here. In

addition, data were excluded for the following (not mutually exclusive)

reasons: no response provided beyond agreeing to take part, n = 84;

respondent indicated that the person for whom they were answering

the survey did not have a canonical PPA variant, n = 3; data directly

duplicated a previous response, n = 3; the respondent was a profes-

sional caregiver, n = 1; and/or the person completing the survey had

a diagnosis of PPA themselves, n= 7. After exclusions, responses were

received from 27 primary caregivers acting for people with svPPA, and

46 for people with nfvPPA.

Diagnostic groups for surveyed respondents did not differ signif-

icantly in age at symptom onset (F[1,69] = 1.34, P = 0.252), age at

first visit to general practitioner (GP; F[1,68] = 0.63, P = 0.431), delay

seeking medical advice (calculated as age at first visit to GP minus

age at symptom onset; F[1,67] = 1.74, P = 0.192), age at diagnosis

(F[1,67]= 0.46, P= 0.502), time to diagnosis (calculated as age at diag-

nosis minus age at symptom onset; F[2,100] = 1.67, P = 0.196), age

when survey completed (F[1,46] = 0.24, P = 0.624), relationship sta-

tus (Fisher exact P = 0.790), or stage at the time of the survey (Fisher

exact P = 0.294). The proportion of bereaved caregivers across diag-

nostic groups did differ significantly (Fisher exact P = 0.046), which

was driven by a larger number of bereaved respondents in the nfvPPA

group (n=10) compared to the svPPA (n=1) group. In both syndromes,

the illness tended to declare itself from the early to mid-seventh
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6 HARDY ET AL.

F IGURE 2 Symptom frequencies and confidence in symptom placement by stage for semantic variant primary progressive aphasia. The figure
shows all symptoms included in the caregiver survey for semantic variant primary progressive aphasia. A symptomwas retained only if a majority
(at least 50%) of caregivers who provided a response to a given symptom reported it was present at some stage of the illness (see Table S2 in
supporting information for complete symptom list). Boxes on the left-hand side denote stages, numbered 1 (least severe) to 6 (most severe).
Written symptom labels are color-coded based on domains of verbal communication (A= black) and non-verbal functioning (B1= non-verbal
thinking and personality, red; B2= personal care andwell-being, blue). Horizontal bars indicate the “confidence” of symptom staging, calculated as
the percentage of people responding to a given symptomwho endorsed placement of that symptom in its final stage (i.e., the highest agreement
achieved for placement of that symptom). Symptoms have been ordered within stages in descending order of overall frequency. Key “milestone”
symptoms from this figure have been used to generate the prototype functional impairment scale for svPPA (the PPA-Squared scale, see Table 3):
clinical stages 1 to 3 here generated symptoms corresponding to scale levels 1 to 3, while clinical stages 4 to 6 all contributed symptoms to the
“severe” scale level 4. This scaling of clinical stages allowsmore fine-grained grading of earlier stage disease (when opportunities for intervention
are greatest) while acknowledging that the incremental impact on daily life function between successive clinical stages becomes less defined once
illness is already advanced. PPA-Squared, Primary Progressive Aphasia Progression Planning Aid; svPPA, semantic variant primary progressive
aphasia
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HARDY ET AL. 7

F IGURE 3 Symptom frequencies and confidence in symptom placement by stage for non-fluent/agrammatic variant primary progressive
aphasia. The figure shows all symptoms included in the caregiver survey for non-fluent/agrammatic variant primary progressive aphasia. A
symptomwas retained only if a majority (at least 50%) of caregivers who provided a response to a given symptom reported it was present at some
stage of the illness (see Table S3 in supporting information for complete symptom list). Boxes on the left-hand side denote stages, numbered 1
(least severe) to 6 (most severe).Written symptom labels are color-coded based on domains of verbal communication (A= black) and non-verbal
functioning (B1= non-verbal thinking and personality, red; B2= personal care andwell-being, blue). Horizontal bars indicate the “confidence” of
symptom staging, calculated as the percentage of people responding to a given symptomwho endorsed placement of that symptom in its final
stage (i.e., the highest agreement achieved for placement of that symptom). Symptoms have been ordered within stages in descending order of
overall frequency. Key “milestone” symptoms from this figure have been used to generate the prototype functional impairment scale for nfvPPA
(the PPA-Squared scale, see Table 3): clinical stages 1 to 3 here generated symptoms corresponding to scale levels 1 to 3, while clinical stages 4 to 6
all contributed symptoms to the “severe” scale level 4. This scaling of clinical stages allowsmore fine-grained grading of earlier stage disease (when
opportunities for intervention are greatest) while acknowledging that the incremental impact on daily life function between successive clinical
stages becomes less defined once illness is already advanced. nfvPPA, non-fluent/agrammatic variant primary progressive aphasia; PPA-Squared,
Primary Progressive Aphasia Progression Planning Aid

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 HARDY ET AL.

TABLE 1 Breakdown of general respondent characteristics in the
caregiver consolidation survey.

svPPA nfvPPA

UK cohort (n) 24 33

Australian cohort (n) 3 13

All survey respondents (n) 27 46

Bereaved respondents (n) 1 10

Relationship status

(partner/other, n)
19/8 34/12

Age at which first symptom

noticed

62.59 (6.29)b 65.08 (8.18)b

Age at first GP appointment 64.46 (6.31)c 66.20 (8.36)b

Delay seekingmedical advice

(years)

1.90 (1.84)c 1.13 (1.57)b

Age at diagnosis 65.93 (6.36)b 67.64 (8.40)c

Time to diagnosis (years) 3.34 (2.51)b 2.30 (2.22)d

Age at survey 70.61 (3.45)e 71.57 (8.17)f

Symptoms presented in

caregiver survey (n)
75 62

Symptoms included in final

staging list (n)
54 44

Stage at time of survey (n):

Stage 1 0 0

Stage 2 0 2

Stage 3 3 6

Stage 4 13 11

Stage 5 2 6

Stage 6 9 21

Note: Mean (standard deviation) data are presented unless otherwise spec-

ified. Not all questions were answered by all respondents, and missing data

are codedas follows: an-1; bn-2; cn-3; dn-4; en-5; fn-18. The larger number of

missing responses to the "Age at survey" questionwas largely accounted for

by bereaved caregivers, that is, the person they were answering the survey

about was already deceased.

Abbreviations: GP, general practitioner; nfvPPA, non-fluent/agrammatic

variant primary progressive aphasia; svPPA, semantic variant primary

progressive aphasia.

decade, and with substantial individual variation (Table 1). For 24 self-

identified respondent caregivers of people with PPA also participating

in the Queen Square research program, review of available neuropsy-

chological and neuroimaging data in the research database confirmed

the syndromic diagnosis listed in the survey in all cases. The average

delay from symptom onset to diagnosis was well over 2 years in both

PPA syndromes, albeit with a wide range in each syndrome.

3.2 Quantitative analysis of survey responses

More symptoms were endorsed overall at the frequency criterion (≥

50%) by caregiver respondents for svPPA (54 symptoms) than for

nfvPPA (44 symptoms). However, the six-stage framework (ranging

fromstage1, “Verymild” to stage6, “Profound”; Table S1)wasendorsed

in each PPA syndrome, and the overall profile of symptom develop-

ment across domains was broadly similar for both syndromes. In both

syndromes, symptoms relating to communication and non-verbal con-

duct and well-being were present at stage 1 and symptoms relating

to non-verbal thinking by stage 2. Earliest symptoms included erosion

of specific vocabulary in svPPA, and difficulty conversing in stress-

ful situations, and binary (e.g., “yes”/“no”) reversals in nfvPPA; spelling

errors were an early feature in both syndromes. Increased hearing dif-

ficulty in noise also developed early in both syndromes. Changes in

inter-personal behavior (e.g., altered libido) were also among the ear-

liest non-verbal features in both syndromes, and loss of insight was

also endorsed for both syndromes. Problems with episodic memory,

route finding, praxis, and task sequencingdeveloped inboth syndromes

by stage 3. Of 15 additional “control” symptoms relevant to PCA pre-

sented in the survey, four (reflecting non-verbal parietal lobe functions,

i.e., relating to praxis and visuoperceptual awareness) were endorsed

by caregivers for inclusion in the stages for a PPA syndrome (most

frequently in nfvPPA; details in Tables S2 and S3). Physical symptoms

began in stage 3 for both nfvPPA and svPPA and stage 4; the nature

of these first physical symptoms varied between syndromes, with

patients with nfvPPA developing difficulties moving and swallowing,

and patients with svPPA unexplained somatic complaints, hyperacusis,

and tinnitus. The syndromic specificity of symptoms diminished over

the course of the illness (examining all symptoms listed in stages 1 and

2 in both syndromes, 49% were unique to one variant, whereas this

was the case for just 37% of symptoms listed in stages 5 and 6). End-

stage PPA in both syndromes was characterized by vocal production

limited to sparse, non-verbal sounds, inability to understand others,

immobility, and complete dependency for basic activities of daily life.

There was a wide range of “confidence” in symptom placement,

across stages and syndromes (Figures 2 and 3; Tables S2 and S3).

For svPPA, overall respondent agreement with symptom placement

increased over stages (mean 55% in stage 1, 89% in stage 6). In con-

trast, for nfvPPA, overall respondent agreementwith staging remained

moderate across stages (mean 53% in stage 1, 51% in stage 6).

3.3 Qualitative analysis of survey responses

The qualitative framework comprised five major themes (Table 2): (1)

impact and experience of symptoms, (2) illness progression/trajectory,

(3) experience of doing the research, (4) utility of the stages, (5) sugges-

tions for future development/dissemination. Thirteen subthemeswere

identified within these major themes, and together themes and sub-

themes encompassed respondents’ experiences of living with PPA and

of the staging survey, and their suggestions for implementation.

3.4 Features of the prototype functional
impairment scale for PPA

Analysis of survey data revealed that the illness journey through stages

1 to 6was clearly not linear; indeed, by the time a person reached stage

4, their impairment was likely already to be debilitating, meaning that
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HARDY ET AL. 9

TABLE 2 Qualitative framework analysis: Themes, subthemes, and illustrative caregiver comments.

Theme/Subtheme Illustrative caregiver comments Diagnosis

Theme 1: Impact and experience of symptoms

Emotional impact of the

condition

“The emotional and social withdrawal were the hardest aspects to deal with as

spouse.”

nfvPPA

Earliest symptoms noticed “Compulsive/impulsive behaviors seemed an early stage symptom, as well as socially

inappropriate actions, withmywife often believing them to be humorous.”

nfvPPA

“The first thing we really noticedwas being unable to read a book, used to read 2–3

per week and inability to follow television programs, as well as using the same

word repeatedly in conversation.”

nfvPPA

Adding additional information

about symptoms already

listed in the stages

"I find it helpful to think about the sort of sentencesmumwouldn’t understand (so to

give examples what the language difficulties are like since language is the primary

issue) when explaining to people. So, for example, to think, if I said ‘mum, can you

bringme a plate?’ she wouldn’t understand that as a sentence initially, but if she

grasped theword plate (either because I point/on this occasion the word is

familiar) she would knowwhat I meant (i.e., the concept of the sentencemakes

sense to her but she hasn’t computed themeaning of words).”

svPPA

“I’m not sure if my husband’s personality changes are typical or unusual. He has had

problemswith facial recognition for 2 years . . . this leads him to think he knows

people when he doesn’t and therefore to strike up a conversationwith strangers

and appear very amiable and chatty—even if I know the content of the

conversation is inaccurate or repetitive (because the content of his chatter is

usually much the same).”

svPPA

Adding descriptions of

symptoms not included

“I have noticed that there is a tendency to do half a job. For example, when drying

after a shower there is a failure to dry the whole body and the back remains wet.

When shampooing hair, the shampoowill go on but will not be washed off. . . . I

believe that we are at themoderate stage at present.”

nfvPPA

Theme 2: Illness progression/trajectory

Fluctuations in decline “One thing that has been very noticeable withmywife’s condition is that changes

happen very quickly sometimes from one day to the next. It is not a gradual decline.

However, once the drop off has happened I have on occasions been able to get my

wife to recover some of the loss. It appears tome as though the brain is trying to

find other ways of trying to get around the problem that it has been facedwith.”

nfvPPA

“There seems to be no recognition of the ‘rollercoaster’ nature of FTD/PPA, which is

rarely gradual in our (collective) experience, with stops and starts, regressions,

plateaux and also improvements.”

nfvPPA

Speed of progression “The progression seemed faster than for other people we came across with this

illness. For us it was 3 years from diagnosis to death.”

nfvPPA

“This is a very difficult journey. Things seem to be accelerating now but have no idea

of what is to come.”

svPPA

Theme 3: Experience of doing the research

Difficulties answering

questions on behalf of the

plwPPA

“These points are from pure observation sincemywife has not been able to speak

since themoderate stage of the condition andwhen she could speak she would

never accept there was anything wrongwith her.”

nfvPPA

“Just to say that I did find it quite difficult to recall the detail as mywife’s PPA has

progressed and as a consequence I needed tomake a sometimes not too educated

guess about the period of time that mywife has spent on each stage.”

svPPA

Difficulties with the way the

survey was designed

“I found it difficult to complete this questionnaire, not necessarily for emotional

reasons, more because of the requirement to allocate the ‘correct’ positioning of

the various symptoms to a particular stage.”

nfvPPA

“The ideal way to fill in this formwould have been to refer to a diary. Unfortunately, I

never kept one, which looking back is a regret.”

svPPA

(Continues)
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10 HARDY ET AL.

TABLE 2 (Continued)

Theme/Subtheme Illustrative caregiver comments Diagnosis

Theme 4: Utility of the stages

Perceived strengths of the

stages

“This is SOUSEFUL and helpful for others as they embark on this challenging

journey. Even if everyone experiences different symptoms at different rates, it’s so

helpful as a carer to read and realize/understand that these are ‘normal/expected’

with these diagnoses . . . you are not alone, weird, or must feel ashamed. Thank

you—hugely appreciated from a carer’s point of view—somuch if not all of it lands

squarely on our shoulders!”

svPPA

“The stages so far are what I have experienced, no one ever toldme the likely stages,

it is left to carers to search for stages. This makes it very difficult to copewith and

to prepare for. Describing the stages is a good idea andwill be helpful for many

carers.”

nfvPPA

Perceived limitations of the

stages

“Once the ability to communicate is lost it is difficult to knowwhat stage the person

is in, apart from visible or physical signs.”

nfvPPA

“Stagesmake it sound very organized and predictable but, unlike Alzheimer’s

perhaps, the progression of PPA isn’t like that. You can’t predict what will happen

next or when it will happen, only that it is likely to happen some time. It sounds

very harsh but this is a cruel disease.”

nfvPPA

Theme 5: Suggestions for further development/dissemination

Incorporating caremilestones

into the stages

“To thenmatch the stages to actions whichmay be required by the patient and their

carers, for example, to sort out legal matters, wills, powers of attorney,

guardianship, advanced care directives and so on, at the earliest possible stages.

When to stop driving, when assistance with self-care, assistance with activities of

daily living, 24 hour care etc. may be required (rough guides accounting for

individual variations, valuable to carers nonetheless. . . ).”

nfvPPA

Aligning stages with intact

abilities

“I wonder if it might be useful to find out what people can do at different stages for

the different dementias rather thanwhat is declining . . . not so interesting for you

medically speaking but very useful sharing information for carers. Making things

meaningful and purposeful for both carer and caree is so important andmaymake

life moremeaningful/rewarding/satisfying.”

svPPA

Importance of how andwhen

information is accessed

“I think the points made in the introduction are very valid—a roadmap of symptoms

presented at an early stage could well be overwhelming and distressing to

contemplate. A partner may feel unequal to the task of managing these symptoms

when they are described in behavioral terms. The personwith the diagnosis may

feel life would not be worth living with these symptoms.”

svPPA

“I have thought hard about whether it would be useful to inform people that they do

not have to read all the stages but limit themselves to the stage they think the

person is at. I think both of us would have been quite devastated and found it hard

not to become depressed if we had had all the stagesmapped out as will now be

available.We have found it easier to deal with things as they came up. It certainly

would have been very helpful for me, especially as the carer, to knowwhat the next

stage would entail but I would not have wanted to go further. I understand that

this is a personal view and not everyonewill think the same. Somemaywant to

know thewhole of what is to come, but that should be a conscious decision not one

done accidentally.”

svPPA

Note: The table presents themes and subthemes identified in the qualitative framework analysis, with illustrative caregiver quotations representing each

subtheme.

Abbreviations: FTD, frontotemporal dementia; nfvPPA, non-fluent/agrammatic variant primary progressive aphasia; plwPPA, person living with primary

progressive aphasia; PPA, primary progressive aphasia; svPPA, semantic variant primary progressive aphasia.

the functional “step down” between stages 4 to 5, for example, was less

substantial than that between stages 1 to 2. In generating the proto-

type functional impairment scale for PPA, PPA-Squared (Table 3), we

therefore collapsed across stages 4 to 6 for the level of most marked

functional impairment, to arrive at a five-level scale of illness progres-

sion and severity: (0, presymptomatic; 1, verymild; 2,mild; 3,moderate;

4, severe).

Separable (but partially convergent) profiles of “milestone” symp-

toms were identified for each of the PPA syndromes surveyed here.

Early illness stage/mild milestone symptoms included syndrome-

specific communication dysfunction (loss of vocabulary in svPPA, loss

of conversational fluency and “yes”/“no” confusions in nfvPPA) but

also non-verbal behavioral changes (appetite changes in svPPA, men-

tal “rigidity” and obsessionality in nfvPPA), while reduced insight was

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



HARDY ET AL. 11

T
A
B
L
E
3

A
p
ro
to
ty
p
e
fu
n
ct
io
n
al
im

p
ai
rm

en
t
sc
al
e
fo
r
p
ri
m
ar
y
p
ro
gr
es
si
ve

ap
h
as
ia
,t
h
e
P
ri
m
ar
y
P
ro
gr
es
si
ve

A
p
h
as
ia
P
ro
gr
es
si
o
n
P
la
n
n
in
g
A
id
(P
PA

-S
q
u
ar
ed

).

sv
P
PA

D
o
m
ai
n

Le
ve
l0
:P
re
sy
m
p
to
m
at
ic

Le
ve
l1
:V

er
y
m
ild

Le
ve
l2
:M

ild
Le
ve
l3
:M

o
d
er
at
e

Le
ve
l4
:S
ev
er
e

C
o
m
m
u
n
ic
at
io
n

N
o
ch
an

ge
s

Sp
ec
if
ic
(e
.g
.,
o
cc
u
p
at
io
n
al
)v
o
ca
b

m
ay

n
o
t
b
e
u
n
d
er
st
o
o
d

Sp
el
lin

g
er
ro
rs
(i
rr
eg
u
la
r
w
o
rd
s)

Le
ss
co
m
m
o
n
w
o
rd
s
n
o
t
u
n
d
er
st
o
o
d

C
o
m
m
o
n
w
o
rd
s
n
o
t
u
n
d
er
st
o
o
d

Sp
ee
ch

st
er
eo

ty
p
ed

,b
ec
o
m
in
g

u
n
in
te
lli
gi
b
le

N
o
nv
er
b
al
th
in
ki
n
g

an
d
p
er
so
n
al
it
y

N
o
ch
an

ge
s

M
o
o
d
,a
p
p
et
it
e,
lib

id
o
ch
an

ge
s

M
u
lt
i-
st
ep

ta
sk
s
m
o
re

d
if
fi
cu
lt

M
o
re

so
ci
al
ly
cl
u
m
sy

La
ck
s
in
si
gh

t
in
to

ill
n
es
s

In
cr
ea
se
d
h
ea
ri
n
g
d
if
fi
cu
lt
y
in
n
o
is
e

M
o
re

fo
rg
et
fu
l

N
av
ig
at
io
n
af
fe
ct
ed

R
ec
o
gn

it
io
n
o
ff
am

ili
ar

p
eo

p
le
,

h
o
u
se
h
o
ld
it
em

s
af
fe
ct
ed

So
ci
al
w
it
h
d
ra
w
al

P
er
so
n
al
ca
re

an
d

w
el
l-
b
ei
n
g

N
o
ch
an

ge
s

N
o
ch
an

ge
s

Sl
ee
p
ch
an

ge
s

G
lu
tt
o
n
o
u
s

B
o
d
ily

co
m
p
la
in
ts
w
it
h
o
u
t

ex
p
la
n
at
io
n

So
u
n
d
se
n
si
ti
vi
ty
/t
in
n
it
u
s

D
re
ss
in
g
an

d
o
th
er

b
as
ic
lif
e

ac
ti
vi
ti
es

re
q
u
ir
e
h
el
p

In
co
n
ti
n
en

ce

Sw
al
lo
w
in
g
d
if
fi
cu
lt
y

W
al
ki
n
g,
b
al
an

ce
af
fe
ct
ed

n
fv
P
PA

D
o
m
ai
n

Le
ve
l0
:P
re
sy
m
p
to
m
at
ic

Le
ve
l1
:V

er
y
m
ild

Le
ve
l2
:M

ild
Le
ve
l3
:M

o
d
er
at
e

Le
ve
l4
:S
ev
er
e

C
o
m
m
u
n
ic
at
io
n

N
o
ch
an

ge
s

G
ra
m
m
at
ic
al
an

d
sp
el
lin

g
er
ro
rs

Sp
ea
ki
n
g
d
if
fi
cu
lt
ie
s
in
st
re
ss
fu
l

(e
.g
.,
p
u
b
lic
)s
it
u
at
io
n
s

C
o
nv
er
sa
ti
o
n
al
w
o
rd
-f
in
d
in
g

d
if
fi
cu
lt
y

Sp
ea
ki
n
g
m
o
re

ef
fo
rt
fu
l

C
o
n
fu
si
n
g
“y
es
”
an

d
“n
o
”

M
is
p
ro
n
o
u
n
ci
n
g
w
o
rd
s

W
ri
ti
n
g/
d
ra
w
in
g
n
o
lo
n
ge
r
p
o
ss
ib
le

Q
u
es
ti
o
n
s
m
ay

n
o
t
b
e
u
n
d
er
st
o
o
d

Le
ss
co
m
m
o
n
w
o
rd
s
n
o
t
u
n
d
er
st
o
o
d

Sp
ee
ch

sp
ar
se
,b
ec
o
m
in
g

u
n
in
te
lli
gi
b
le

Si
m
p
le
m
es
sa
ge
s
n
o
t
u
n
d
er
st
o
o
d

N
o
n
-v
er
b
al
th
in
ki
n
g

an
d
p
er
so
n
al
it
y

N
o
ch
an

ge
s

Li
b
id
o
ch
an

ge
s

M
o
re

“r
ig
id
”,
o
b
se
ss
io
n
al

M
u
lt
i-
st
ep

ta
sk
s
m
o
re

d
if
fi
cu
lt

M
o
o
d
,a
p
p
et
it
e
ch
an

ge
s

Le
ss
em

p
at
h
ic

In
cr
ea
se
d
h
ea
ri
n
g
d
if
fi
cu
lt
y
in
n
o
is
e

La
ck
s
in
si
gh

t
in
to

ill
n
es
s

N
av
ig
at
io
n
af
fe
ct
ed

M
o
re

fo
rg
et
fu
l

V
is
u
o
sp
at
ia
lj
u
d
gm

en
t
af
fe
ct
ed

So
ci
al
ly
cl
u
m
sy

So
ci
al
w
it
h
d
ra
w
al

P
er
so
n
al
ca
re

an
d

w
el
l-
b
ei
n
g

N
o
ch
an

ge
s

N
o
ch
an

ge
s

Sl
ee
p
ch
an

ge
s

W
al
ki
n
g
sl
o
w
er

Sw
al
lo
w
in
g
d
if
fi
cu
lt
y

G
lu
tt
o
n
o
u
s

M
ov
em

en
ts
st
if
fa
n
d
ef
fo
rt
fu
l

D
re
ss
in
g
an

d
o
th
er

b
as
ic
lif
e

ac
ti
vi
ti
es

re
q
u
ir
e
h
el
p

In
co
n
ti
n
en

ce

P
o
o
r
b
al
an

ce

N
ot
es
:T
h
e
ta
b
le
su
m
m
ar
iz
es

ke
y
sy
m
p
to
m
s
re
le
va
n
t
to

d
ai
ly
lif
e
fu
n
ct
io
n
in
g
th
at

em
er
ge

ov
er

th
e
cl
in
ic
al
co
u
rs
e
o
fs
em

an
ti
c
va
ri
an

t
p
ri
m
ar
y
p
ro
gr
es
si
ve

ap
h
as
ia
(t
o
p)
an

d
n
o
n
-f
lu
en

t/
ag
ra
m
m
at
ic
va
ri
an

t
p
ri
m
ar
y

p
ro
gr
es
si
ve

ap
h
as
ia
(b
o
tt
o
m
),
as

id
en

ti
fi
ed

fr
o
m

ca
re
gi
ve
r
su
rv
ey
s.
Sy
m
p
to
m
s
ar
e
ca
te
go

ri
ze
d
u
n
d
er

th
e
th
re
e
b
ro
ad

fu
n
ct
io
n
al
d
o
m
ai
n
s
u
se
d
w
h
en

co
lle
ct
in
g
d
at
a
fr
o
m

ca
re
gi
ve
rs

(s
ee

te
xt
,F
ig
u
re
s
2
an

d
3
).

Sy
m
p
to
m
s
w
it
h
in

ea
ch

ce
ll
ar
e
lis
te
d
in

o
rd
er

o
f
fr
eq

u
en

cy
(m

o
st
fr
eq

u
en

t
at

th
e
to
p)
,a
s
en

d
o
rs
ed

in
ca
re
gi
ve
r
su
rv
ey
s
(s
ee

F
ig
u
re
s
2
an

d
3
).
T
h
e
sc
al
e
is
d
es
ig
n
ed

to
b
e
u
se
d
as

a
m
et
ri
c
fo
r
ill
n
es
s
p
ro
gr
es
si
o
n

an
d
/o
r
se
ve
ri
ty
:a

cl
in
ic
ia
n
w
o
u
ld
ad

m
in
is
te
r
th
e
sc
al
e
to

p
at
ie
n
t
an

d
ca
re
gi
ve
r
as

p
ar
t
o
fa

cl
in
ic
al
in
te
rv
ie
w
an

d
fo
r
ea
ch

d
o
m
ai
n
,t
h
e
le
ve
lo
fi
m
p
ai
rm

en
t
w
o
u
ld
b
e
sc
o
re
d
fo
r
ea
ch

d
o
m
ai
n
se
p
ar
at
el
y,
an

d
co
m
b
in
ed

to
ge
n
er
at
e
a
to
ta
ls
co
re
.T
h
u
s,
w
h
ile

th
er
e
is
an

ov
er
al
lc
o
rr
es
p
o
n
d
en

ce
b
et
w
ee
n
in
cr
ea
si
n
g
“l
ev
el
s”
h
er
e
an

d
th
e
“s
ta
ge
s”
p
re
se
n
te
d
in

F
ig
u
re
s
2
an

d
3
,a
n
in
d
iv
id
u
al
p
at
ie
n
t
m
ig
h
t
sc
o
re

(f
o
r
ex
am

p
le
)
“l
ev
el
2
”

co
m
m
u
n
ic
at
io
n
sy
m
p
to
m
s
b
u
t
“l
ev
el
1
”
n
o
n
-v
er
b
al
th
in
ki
n
g
an

d
p
er
so
n
al
it
y
sy
m
p
to
m
s,
an

d
so

o
n
(s
ee

te
xt
).
N
o
te

th
at

th
e
sc
al
e
is
p
ro
vi
si
o
n
al
p
en

d
in
g
fu
rt
h
er

va
lid

at
io
n
(s
ee

te
xt
).

A
b
b
re
vi
at
io
n
s:
n
fv
P
PA

,n
o
n
-f
lu
en

t/
ag
ra
m
m
at
ic
va
ri
an

t
p
ri
m
ar
y
p
ro
gr
es
si
ve

ap
h
as
ia
;s
vP

PA
,s
em

an
ti
c
va
ri
an

t
p
ri
m
ar
y
p
ro
gr
es
si
ve

ap
h
as
ia
.

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 HARDY ET AL.

a common early symptom in both syndromes. Milestone symptoms

associated with somewhat later stage/more severe disease included

difficulties understanding everyday words in svPPA, and emergence of

walking and swallowing difficulties in nfvPPA. End-stage/most severe

disease in both syndromes manifested with (besides loss of com-

munication function) fundamental problems with personal care and

well-being, in the context of impaired motor functions and inconti-

nence.

4 DISCUSSION

Here we have presented a staging scheme for symptom development

in svPPA and nfvPPA based on the lived experience of patients’ care-

givers. From this, we derived milestone symptoms signaling significant

illness transitions that constitute a progression and severity scale of

daily-life functional impairment in these diseases, the PPA-Squared

scale. We hope these will serve as complementary tools for people

living with PPA, their caregivers, and clinicians. The clinical staging

scheme (Figures 2 and 3) offers a databank with granular detail about

symptomdiversity and frequency in svPPAand nfvPPA, and how symp-

toms tend to cluster at a given illness stage. The PPA-Squared distills

this granularity: it is oriented toward metrics that might allow the

clinician to quantify where a patient is in their illness journey, and

thereby guide management and care decisions. This might be applied

to PPA somewhat analogously to the Clinical Dementia Rating scale

in AD and other dementias,41 with a view in particular to the gen-

eration of outcome measures for clinical trials. In both PPA subtypes

(corroborating previous findings4,5), respondents reported an average

delay over 2 years from symptom onset to diagnosis, arguing that we

need timelier characterizationof earliest stagedisease to facilitate trial

entry. PPA-Squared reflects this clinical imperative: it scales clinical

stages to allow more fine-grained grading of earlier stage, milder ill-

ness (clinical stages 1–3 are captured in PPA-Squared levels 1–3), while

acknowledging that the incremental functional impact of successive

clinical stages is less defined once illness is already advanced (clinical

stages 4–6 are subsumed as “severe” under PPA-Squared level 4). Indi-

vidual patients will move through the clinical stages of PPA differently

(see Figures 2 and 3): PPA-Squared is accordingly designed to score

levels of impairment under each of the three surveyed major func-

tional domains (communication; non-verbal thinking and personality;

personal care and well-being) separately, combining these to generate

a total scale score. We emphasize, however, that this scale is a proof-

of-principle prototype that awaits further refinement and validation;

its clinical utility must therefore be considered provisional.

Our findings paint a complex picture of PPA evolution, endorsing

previous work.6,7,10,42–49 Both subtypes here were led by partially

syndrome-specific communication impairments: svPPA, by symptoms

consequent to loss of vocabulary, and nfvPPA, by dysfluency mani-

festing in situations in which there is a “performance” requirement

(e.g., speaking in public). Certain syndromic hallmarks (e.g., com-

piling personal “dictionaries” in svPPA, binary reversals in nfvPPA)

were identified. Contrastingly, spelling errors developed early in both

syndromes. Partial syndromic specificity was also evident for non-

verbal functional abnormalities; while earliest socio-emotional behav-

ioral alterations took different forms between syndromes (in svPPA,

appetite changes; in nfvPPA,mental rigidity), hearing changes occurred

early in both syndromes. Syndromes tended to converge clinically,

physical (especially motor and autonomic) neurological impairments

becoming more salient longitudinally. However, even at later stages,

the imprint of variant-specificity was evident: swallowing and mobil-

ity problems developed earlier in nfvPPA, while difficulty recognizing

familiar people and household items characterized svPPA.

This work highlights several clinical issues. Reliable detection of

earliest symptoms would facilitate timelier and more accurate diagno-

sis: particularly apposite given the delay between onset and diagnosis.

The factors that influence this delay need elucidation. Early features

of PPA syndromes here included both verbal phenomena (e.g., binary

reversals50) and non-verbal phenomena (e.g., impaired hearing, and

changes in libido, sleep, empathy, and insight) that are not recog-

nized in consensus criteria.1 The prevalence of non-verbal features

in stage 1 challenges the presumption that language deficits lead the

clinical onset of PPA.1 Equally, we lack tools for the comprehensive

assessment of needs and evidence-based interventions in advanced

PPA. The symptom sequences shown in Figures 2 and 3 (Tables S2

and S3) should enable better clinical prognostication in individual

patients, and inform development of care pathways and customized

interventions targeted earlier at specific PPA subtypes: a window of

opportunity often missed.51,52,53 However, given the variable rates at

which patients with PPA progress (Table 2) and the variation of symp-

tom clusters within stages (Figures 2 and 3), mapping personalized

illness trajectories will be crucial in defining care priorities and guiding,

for example, statutory assessments.

Neurobiologically, our findings support recent work emphasizing

multidimensional phenotypic overlap in PPA, arising from distributed

brain network alterations.28,29,54,55 Our findings also underline the

importance of the temporal dimension in interpreting the phenotypic

spectrumof PPA. In svPPA, the sequence of symptoms reflects involve-

ment of left followed by right temporal lobes and their connections:

the “semantic appraisal” network targeted by svPPA supports a range

of cognitive and behavioral functions,56–59 while “extra-temporal” (e.g.,

motor) symptoms occur late. By contrast, the sequence of multidi-

mensional symptoms in nfvPPA suggests early involvement of motor

control networks including basal ganglia, supporting neuroanatomical

studies.16,45 The varying “confidence” in symptom staging is also infor-

mative (Figures 2 and 3; Tables S2 and S3): consensus was highest for

svPPA, endorsing the view that this is a highly coherent syndrome,

whereas nfvPPA is more heterogeneous.3,8,29,54,60–62

While our methodology builds on recent online data collec-

tion initiatives,63,64 it has limitations. Caregiver reports were

retrospective—this is not necessarily disadvantageous (subtle

symptoms may not initially be recognized as such) but is open to

recall bias, andmay have been compounded by an over-representation

of bereaved caregivers for people with nfvPPA. The present stage divi-

sions and criteria for symptom inclusion are pragmatic but arbitrary.

Certain symptoms might be specific for particular PPA syndromes
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yet develop infrequently. Symptoms here were not quantified in

frequency/intensity, and symptom descriptors were often broad

(e.g., “difficulty using a computer,” is likely underpinned by different

deficits between syndromes). This is particularly relevant to complex

socio-emotional behavioral changes such as “mental rigidity” or “lack

of empathy.” It is unclear how the proposed stages map onto objective

disease progression measures, or indeed, whether six stages are opti-

mal; fewer stages would provide greater uniformity within syndromes

but lose granularity. The present framework lacks information on

the duration of particular stages or overall disease tempo: clinical

experience suggests that individual temporal variability is wide, a point

corroborated by qualitative analyses (Table 2).

Moreover, the present cohort does not represent the full PPA

spectrum. Respondents were all English-speaking members of sup-

port groups with internet access. It is unclear how PPA-Squared

would be recapitulated in linguistically and socio-culturally diverse

populations. Even within the surveyed cohort, qualitative responses

highlighted varying opinions on the utility, relevance, and impact of

PPA-Squared (Table 2). Finally, we focused on two canonical PPA syn-

dromes but many PPA patients do not meet consensus criteria for

these.3,6,19 Furthermore, there remains a need to assess whether

symptom progression in lvPPA is adequately characterized by staging

scales developed for AD.

These caveats suggest directions for future work. Findings should

be extended and validated in larger, more diverse cohorts. Longitudi-

nal studies are required to ensure complete stage coverage without

recall bias, to define temporal dynamics of stage transitions, and

to capture the full range of discrete functional milestones (e.g., use

of mobility aids, introduction of assisted feeding) that guide care

decisions.65 Broad symptom categories could be deconstructed and

more fine-grained information collectedaboutdaily-life impact. Ideally,

first-person patient perspectives would be gathered alongside care-

givers’, to capture experiential phenomena (e.g., hallucinations) that

may elude third-person recording, and to better characterize loss of

insight. The clinical staging scheme (Figures 2 and 3) and the PPA-

Squared (Table 3) focus on deficit and disability; losses should be

contextualized by documenting retained capacities (Table 2). Ongo-

ing engagement with lay stakeholders and clinicians should further

critique the acceptability and utility of this work.66 PPA-Squared

should be correlated with neuropsychological scores, structural and

functional neuroanatomy, and laboratory indices,67 as well as clinical

rating scales;12,25,57,68 it could also facilitate computational disease

progression modelling approaches.69,70 Post mortem data would link

clinical symptoms to neuropathology, while genetic cohorts represent

an opportunity to unpack earliest disease stages (i.e., “PPA-Squared

0”).71

Functional illness staging and grading of daily-life symptoms affect-

ing communication and other domains72 should support care decisions

and interactions between clinical teams, as well as providing out-

come measures for trials in PPA and other dementias with prominent

language features.73 Further development of the stages and scale

will therefore entail collaborative validation and distillation of large

datasets. We hope this work will motivate international collaborations

to take these next steps, importantly including non-English languages

(see, e.g., a Spanish translation of PPA-Squared in Table S4 in sup-

porting information). Our findings suggest that a fresh consensus on

PPA diagnostic criteria and management guidelines may be timely, to

incorporate syndromic hallmarks such as binary reversals in nfvPPA

and auditory and non-verbal behavioral features across subtypes. We

envisage that particular symptoms might inform development of diag-

nostic “stress tests” for PPA, based on conversation analysis74 or

communication inmulti-talker environments,47 facilitatingearlydetec-

tion. The framework adopted in the present study for engaging the

expertise of people with lived experience of PPA potentially has trans-

lational relevance to the much wider dementia population, and could

help shape more inclusive research initiatives and public health policy.

However, the overriding value of the PPA clinical staging scheme and

PPA-Squared scale will lie in the personalized care of individuals—to

signpost their journey, harness support and treatments, and help them

plan for the future.

ACKNOWLEDGMENTS

Theauthors thank all caregiver respondents for their participation. The

Dementia Research Centre is supported by Alzheimer’s Research UK,

Brain Research UK, and The Wolfson Foundation. This work was sup-

ported by theAlzheimer’s Society, theRoyalNational Institute forDeaf

People, the National Institute for Health Research University College

LondonHospitals Biomedical ResearchCentre, and theUniversity Col-

lege London Leonard Wolfson Experimental Neurology Centre (grant

PR/ylr/18575). This research was funded in part by UKRI and Well-

come Trust (Grant 204841/Z/16/Z). For the purpose of Open Access,

the author has applied a Creative Commons Attribution (CCBY) public

copyright license to any Author Accepted Manuscript version aris-

ing from this submission. C.J.D.H. was supported by a Royal National

Institute forDeaf People–DunhillMedical Trust PaulineAshley Fellow-

ship (grant PA23_Hardy), a Wellcome Institutional Strategic Support

Fund Award (204841/Z/16/Z), and an NIHRGrant (NIHR204280). B.T.

is supported by the ESRC-funded UCL, Bloomsbury, and East Lon-

don Doctoral Training Partnership (UBEL-DTP) (ES/P000592/1). E.H.

is an ESRC postdoctoral research fellow (ES/W006014/1) and also

received support from the ESRC/NIHR Dementia Research Initiative

(ES/S010467/1). J.J. was supported by a Frontotemporal Dementia

Research Studentship in Memory of David Blechner (funded through

The National Brain Appeal). N.K. is supported by Alzheimer’s Society

Junior Fellowship grant funding (Grant Award number: 399 AS-JF-

17b-016). K.Y. is an Etherington PCA Senior Research Fellow and

is funded by the Alzheimer’s Society, grant number 453 (AS-JF-18-

003) and a USA NIH grant R01EY027964. C.R.M. was supported

by an NIHR Grant (NIHR204280). N.P.O. is a UKRI Future Lead-

ers Fellow (MR/S03546X/1). A.V. is funded by an NIHR Advanced

Fellowship (NIHR302240). S.J.C. was supported by grants from ESRC-

NIHR (ES/L001810/1), EPSRC (EP/M006093/1), and Wellcome Trust

(200783). J.D.W. received grant support from the Alzheimer’s Society,

Royal National Institute for Deaf People, and the National Institute

for Health Research University College London Hospitals Biomedi-

cal Research Centre. This study is funded by the NIHR (Invention for

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



14 HARDY ET AL.

Innovation [NIHR204280]). The views expressed are those of the

authors and not necessarily those of the NIHR or the Department of

Health and Social Care. J.D.R. has received funding from anMRC Clin-

ician Scientist Fellowship (MR/M008525/1), the NIHR Rare Disease

Translational Research Collaboration (BRC149/NS/MH) and a Miriam

Marks Brain Research UK Senior Fellowship.

CONFLICT OF INTEREST STATEMENT

C.H. reports funding support for the present manuscript from the

Royal National Institute for Deaf People, Dunhill Medical Trust, Well-

come Trust, and National Institute for Health and Care Research. B.T.

reports funding support for the present manuscript from the Eco-

nomic and Social Research Council. E.H. reports funding support for

the present manuscript from the Economic and Social Research Coun-

cil, and the National Institute for Health Research Dementia Research

Initiative. J.J. reports funding support for the present manuscript from

theNational BrainAppeal. N.K. reports funding support for the present

manuscript from the Alzheimer’s Society. K.Y. reports funding sup-

port for the present manuscript from the Alzheimer’s Society and

National Institutes of Health; additional funding not related to the

present manuscript from the National Brain Appeal; and personal fees

from Roche outside the submitted work. C.M. reports funding sup-

port for the present manuscript from the National Institute for Health

and Care Research. N.O. reports funding support for the present

manuscript from UK Research and Innovation; additional funding not

related to the present manuscript from Early Detection of Alzheimer’s

Subtypes; and declares unpaid roles with the DEMON Network (Data

Science Lead) and Alzheimer’s Association (Steering CommitteeMem-

ber for the ISTAART Artificial Intelligence PIA). J.R. participates on

advisory boards for Novartis, Wave Life Sciences, Prevail, Alector, Avi-

adoBio, andArkudaTherapeutics; andprovides consultancy forDenali,

Astex, Takeda, and UCB. A.V. reports funding support for the present

manuscript from the National Institute for Health and Care Research.

S.C. reports funding support for the present manuscript from the

Economic and Social Research Council, National Institute for Health

and Care Research, Engineering & Physical Sciences Research Coun-

cil, and Wellcome Trust. J.W. reports funding support for the present

manuscript from the Alzheimer’s Society, Royal National Institute for

Deaf People, and NIHR UCLH Biomedical Research Centre. All other

authors have nothing to declare. Author disclosures are available in the

supporting information.

CONSENT STATEMENT

All survey respondents gave informed consent, in accordance with

Declaration of Helsinki guidelines.

REFERENCES

1. Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classifica-

tion of primary progressive aphasia and its variants. Neurology.
2011;76(11):1006-1014. doi:10.1212/WNL.0b013e31821103e6

2. Ruksenaite J, Volkmer A, Jiang J, et al. Primary progressive apha-

sia: toward a pathophysiological synthesis. Curr Neurol Neurosci Rep.
2021;21(3):7. doi:10.1007/s11910-021-01097-z

3. Marshall CR, Hardy CJD, Volkmer A, et al. Primary progressive apha-

sia: a clinical approach. J Neurol. 2018;265(6):1474-1490. doi:10.
1007/s00415-018-8762-6

4. Tastevin M, Lavoie M, de la Sablonnière J, Carrier-Auclair J, Laforce

R. Survival in the Three common variants of primary progressive

aphasia: a retrospective study in a tertiary memory clinic. Brain Sci.
2021;11(9):1113. doi:10.3390/brainsci11091113

5. Bakker C, de Vugt ME, Vernooij-Dassen M, van Vliet D, Verhey

FRJ, Koopmans RTCM. Needs in early onset dementia: a qualita-

tive case from the NeedYD study. Am J Alzheimers Dis Other Demen.
2010;25(8):634-640. doi:10.1177/1533317510385811

6. Ulugut H, Stek S, Wagemans LEE, et al. The natural history of primary

progressive aphasia: beyond aphasia. J Neurol. 2022;269(3):1375-
1385. doi:10.1007/s00415-021-10689-1

7. Rohrer JD, Warren JD. Phenomenology and anatomy of abnormal

behaviours in primary progressive aphasia. J Neurol Sci. 2010;293(1-
2):35-38. doi:10.1016/j.jns.2010.03.012

8. Whitwell JL, Weigand SD, Duffy JR, et al. Predicting clinical decline

in progressive agrammatic aphasia and apraxia of speech. Neurology.
2017;89(22):2271-2279. doi:10.1212/WNL.0000000000004685

9. Taylor B, Mohamud S, Brotherhood EV, et al. How do the activities of

daily living decline in people living with rarer dementias? A systematic

review. Published online September 23, 2022:2022.09.22.22280192.

doi:10.1101/2022.09.22.22280192

10. de la Sablonnière J, Tastevin M, Lavoie M, Laforce R. Longitudinal

changes in cognition, behaviours, and functional abilities in the three

main variants of primary progressive aphasia: a literature review.Brain
Sci. 2021;11(9):1209. doi:10.3390/brainsci11091209

11. Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deteriora-

tion Scale for assessment of primary degenerative dementia. Am J
Psychiatry. 1982;139(9):1136-1139. doi:10.1176/ajp.139.9.1136

12. Mioshi E, Hsieh S, Savage S, Hornberger M, Hodges JR. Clinical stag-

ing and disease progression in frontotemporal dementia. Neurology.
2010;74(20):1591-1597. doi:10.1212/WNL.0b013e3181e04070

13. Rikkert MGMO, Tona KD, Janssen L, et al. Validity, reliability, and

feasibility of clinical staging scales in dementia: a systematic review.

Am J Alzheimers Dis Other Demen. 2011;26(5):357-365. doi:10.1177/
1533317511418954

14. Archer T, Kostrzewa RM, Beninger RJ, Palomo T. Staging neurodegen-

erative disorders: structural, regional, biomarker, and functional pro-

gressions. Neurotox Res. 2011;19(2):211-234. doi:10.1007/s12640-
010-9190-2

15. Spinelli EG, Mandelli ML, Miller ZA, et al. Typical and atypi-

cal pathology in primary progressive aphasia variants. Ann Neurol.
2017;81(3):430-443. doi:10.1002/ana.24885

16. Lombardi J, Mayer B, Semler E, et al. Quantifying progression in pri-

mary progressive aphasia with structural neuroimaging. Alzheimers
Dement. 2021;17(10):1595-1609. doi:10.1002/alz.12323

17. Zetterberg H, van Swieten JC, Boxer AL, Rohrer JD. Review: fluid

biomarkers for frontotemporal dementias.Neuropathol Appl Neurobiol.
2019;45(1):81-87. doi:10.1111/nan.12530

18. Rohrer JD, Lashley T, Schott JM, et al. Clinical and neuroanatomical

signatures of tissue pathology in frontotemporal lobar degeneration.

Brain. 2011;134(Pt 9):2565-2581. doi:10.1093/brain/awr198
19. Murley AG, Coyle-Gilchrist I, Rouse MA, et al. Redefining the mul-

tidimensional clinical phenotypes of frontotemporal lobar degener-

ation syndromes. Brain. 2020;143(5):1555-1571. doi:10.1093/brain/
awaa097

20. Rogalski EJ, Mesulam MM. Clinical trajectories and biological fea-

tures of primary progressive aphasia (PPA). Curr Alzheimer Res.
2009;6(4):331-336.

21. Hsieh S, Hodges JR, Leyton CE, Mioshi E. Longitudinal changes in

primary progressive aphasias: differences in cognitive and dementia

staging measures. Dement Geriatr Cogn Disord. 2012;34(2):135-141.
doi:10.1159/000342347

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1007/s11910-021-01097-z
https://doi.org/10.1007/s00415-018-8762-6
https://doi.org/10.1007/s00415-018-8762-6
https://doi.org/10.3390/brainsci11091113
https://doi.org/10.1177/1533317510385811
https://doi.org/10.1007/s00415-021-10689-1
https://doi.org/10.1016/j.jns.2010.03.012
https://doi.org/10.1212/WNL.0000000000004685
https://doi.org/10.1101/2022.09.22.22280192
https://doi.org/10.3390/brainsci11091209
https://doi.org/10.1176/ajp.139.9.1136
https://doi.org/10.1212/WNL.0b013e3181e04070
https://doi.org/10.1177/1533317511418954
https://doi.org/10.1177/1533317511418954
https://doi.org/10.1007/s12640-010-9190-2
https://doi.org/10.1007/s12640-010-9190-2
https://doi.org/10.1002/ana.24885
https://doi.org/10.1002/alz.12323
https://doi.org/10.1111/nan.12530
https://doi.org/10.1093/brain/awr198
https://doi.org/10.1093/brain/awaa097
https://doi.org/10.1093/brain/awaa097
https://doi.org/10.1159/000342347


HARDY ET AL. 15

22. Shay KA, Duke LW, Conboy T, Harrell LE, Callaway R, Folks DG.

The clinical validity of the Mattis Dementia Rating Scale in staging

Alzheimer’s dementia. J Geriatr Psychiatry Neurol. 1991;4(1):18-25.
doi:10.1177/089198879100400104

23. Knopman DS, Kramer JH, Boeve BF, et al. Development of

methodology for conducting clinical trials in frontotemporal lobar

degeneration. Brain. 2008;131(Pt 11):2957-2968. doi:10.1093/brain/
awn234

24. KnopmanD,Weintraub S, PankratzV. Language andbehavior domains

enhance the value of the clinical dementia rating scale. Alzheimer
Dement. 2011;7(3):293. doi:10.1016/J.JALZ.2010.12.006

25. Sapolsky D, Domoto-Reilly K, Dickerson BC. Use of the Progres-

sive Aphasia Severity Scale (PASS) in monitoring speech and lan-

guage status in PPA. Aphasiology. 2014;28(8-9):993-1003. doi:10.
1080/02687038.2014.931563

26. Johnson JCS, Marshall CR, Weil RS, Bamiou DE, Hardy CJD, Warren

JD. Hearing and dementia: from ears to brain. Brain. 2020;144(2):391-
401. doi:10.1093/brain/awaa429

27. Lansdall CJ, Coyle-Gilchrist ITS, Jones PS, et al. Apathy and impul-

sivity in frontotemporal lobar degeneration syndromes. Brain.
2017;140(6):1792-1807. doi:10.1093/brain/awx101

28. Ramanan S, Irish M, Patterson K, Rowe JB, Gorno-Tempini ML,

Lambon Ralph MA. Understanding the multidimensional cognitive

deficits of logopenic variant primary progressive aphasia. Brain.
2022;145(9):2955-2966. doi:10.1093/brain/awac208

29. Ramanan S, Roquet D, Goldberg ZL, et al. Establishing two principal

dimensions of cognitive variation in logopenic progressive aphasia.

Brain Communications. 2020;2(2):fcaa125. doi:10.1093/braincomms/

fcaa125

30. Conca F, Esposito V, Giusto G, Cappa SF, Catricalà E. Characterization

of the logopenic variant of Primary Progressive Aphasia: a systematic

review and meta-analysis. Ageing Res Rev. 2022;82:101760. doi:10.
1016/j.arr.2022.101760

31. Kirkwood SC, Su JL, Conneally PM, Foroud T. Progression of symp-

toms in the early andmiddle stages of huntington disease. Arch Neurol.
2001;58(2):273-278. doi:10.1001/archneur.58.2.273

32. Brizzi KT, Bridges JFP, Yersak J, et al. Understanding the needs of peo-

ple with ALS: a national survey of patients and caregivers. Amyotroph
Lateral Scler Frontotemporal Degener. 2020;21(5-6):355-363. doi:10.
1080/21678421.2020.1760889

33. HermanowiczN, Jones SA,HauserRA. Impact of non-motor symptoms

in Parkinson’s disease: a PMDAlliance survey.Neuropsychiatr Dis Treat.
2019;15:2205-2212. doi:10.2147/NDT.S213917

34. Ivankova NV, Creswell JW, Stick SL. Using mixed-methods sequential

explanatory design: from theory to practice. FieldMethods. 2006;18:3-
20. doi:10.1177/1525822X05282260

35. Primary progressive aphasia (PPA). Rare Dementia Support. Accessed

January 30, 2023. https://www.raredementiasupport.org/primary-

progressive-aphasia/

36. Carton A, Henley S, Walton J, Crutch S. Posterior cortical atrophy:

understanding and support. J Dement Care. 2015;23(6):22-24.
37. Eysenbach G. Improving the quality of web surveys: the checklist for

reporting results of internet E-surveys (CHERRIES). JMed Internet Res.
2004;6(3):e34. doi:10.2196/jmir.6.3.e34

38. Ritchie J, Spencer L. Qualitative Data Analysis for Applied Policy

Research. Analyzing Qualitative Data. Routledge; 1994.
39. Wiseman T, Lucas G, Sangha A, et al. Insights into the experi-

ences of patients with cancer in London: framework analysis of

free-text data from the National Cancer Patient Experience Survey

2012/2013 from the two London Integrated Cancer Systems. BMJ
Open. 2015;5(10):e007792. doi:10.1136/bmjopen-2015-007792

40. Brotherhood EV, Stott J, Windle G, et al. Protocol for the rare

dementia support impact study: rDS Impact. Int J Geriatr Psychiatry.
2020;35(8):833-841. doi:10.1002/gps.5253

41. Morris JC. ClinicalDementia Rating: a reliable and valid diagnostic and

staging measure for dementia of the Alzheimer type. Int Psychogeriatr.
1997;9:173-176. doi:10.1017/S1041610297004870

42. Ikeda M, Brown J, Holland AJ, Fukuhara R, Hodges JR. Changes

in appetite, food preference, and eating habits in frontotemporal

dementia and Alzheimer’s disease. J Neurol Neurosurg Psychiatry.
2002;73(4):371-376. doi:10.1136/jnnp.73.4.371

43. SeeleyWW,BauerAM,Miller BL, et al. The natural history of temporal

variant frontotemporal dementia. Neurology. 2005;64(8):1384-1390.
doi:10.1212/01.WNL.0000158425.46019.5C

44. Rosen HJ, Allison SC, Ogar JM, et al. Behavioral features in seman-

tic dementia vs other forms of progressive aphasias. Neurology.
2006;67(10):1752-1756. doi:10.1212/01.wnl.0000247630.29222.34

45. Gorno-Tempini ML, Murray RC, Rankin KP, Weiner MW, Miller BL.

Clinical, cognitive and anatomical evolution from nonfluent progres-

sive aphasia to corticobasal syndrome: a case report. Neurocase.
2004;10(6):426-436. doi:10.1080/13554790490894011

46. Goll JC, Crutch SJ, Loo JHY, et al. Non-verbal sound processing in the

primary progressive aphasias. Brain. 2010;133(Pt 1):272-285. doi:10.
1093/brain/awp235

47. Jiang J, Benhamou E, Waters S, et al. Processing of degraded

speech in brain disorders. Brain Sci. 2021;11(3):394. doi:10.3390/
brainsci11030394

48. GrubeM, Bruffaerts R, Schaeverbeke J, et al. Core auditory processing

deficits in primary progressive aphasia. Brain. 2016;139:1817-1829.
doi:10.1093/brain/aww067

49. Santos-Santos MA, Mandelli ML, Binney RJ, et al. Features of patients

with nonfluent/agrammatic primary progressive aphasia with under-

lying progressive supranuclear palsy pathology or corticobasal degen-

eration. JAMA Neurol. 2016;73(6):733-742. doi:10.1001/jamaneurol.

2016.0412

50. Warren JD, Hardy CJ, Fletcher PD, et al. Binary reversals in primary

progressive aphasia. Cortex. 2016;82:287-289. doi:10.1016/j.cortex.
2016.05.017

51. Cadório I, Lousada M, Martins P, Figueiredo D. Generalization and

maintenance of treatment gains in primary progressive aphasia (PPA):

a systematic review. Int J Lang Commun Disord. 2017;52(5):543-560.
doi:10.1111/1460-6984.12310

52. Volkmer A, Walton H, Swinburn K, Spector A, Warren JD, Beeke

S. Results from a Randomised Controlled Pilot Study of the Better

Conversations with Primary Progressive Aphasia (BCPPA) Communi-

cation Partner Training Program for People with PPA and Their Com-

munication Partners. Review. 2022. doi:10.21203/rs.3.rs-2190951/
v1

53. Mesulam MM, Wieneke C, Thompson C, Rogalski E, Weintraub S.

Quantitative classification of primary progressive aphasia at early

andmild impairment stages. Brain. 2012;135(Pt 5):1537-1553. doi:10.
1093/brain/aws080

54. Ingram RU, Halai AD, Pobric G, Sajjadi S, Patterson K, Ralph MAL.

Graded, multidimensional intra- and intergroup variations in primary

progressive aphasia and post-stroke aphasia. Brain. 2020. doi:10.
1093/brain/awaa245

55. Mahoney CJ, Malone IB, Ridgway GR, et al. White matter tract signa-

tures of the progressive aphasias. Neurobiol Aging. 2013;34(6):1687-
1699. doi:10.1016/j.neurobiolaging.2012.12.002

56. Guo CC, Gorno-Tempini ML, Gesierich B, et al. Anterior temporal

lobe degeneration produces widespread network-driven dysfunction.

Brain. 2013;136(Pt 10):2979-2991. doi:10.1093/brain/awt222
57. Bocchetta M, Iglesias Espinosa MDM, Lashley T, Warren JD, Rohrer

JD. In vivo staging of frontotemporal lobar degeneration TDP-43 type

Cpathology.Alzheimers Res Ther. 2020;12(1):34. doi:10.1186/s13195-
020-00600-x

58. Benhamou E, Marshall CR, Russell LL, et al. The neurophysiological

architecture of semantic dementia: spectral dynamic causal modelling

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1177/089198879100400104
https://doi.org/10.1093/brain/awn234
https://doi.org/10.1093/brain/awn234
https://doi.org/10.1016/J.JALZ.2010.12.006
https://doi.org/10.1080/02687038.2014.931563
https://doi.org/10.1080/02687038.2014.931563
https://doi.org/10.1093/brain/awaa429
https://doi.org/10.1093/brain/awx101
https://doi.org/10.1093/brain/awac208
https://doi.org/10.1093/braincomms/fcaa125
https://doi.org/10.1093/braincomms/fcaa125
https://doi.org/10.1016/j.arr.2022.101760
https://doi.org/10.1016/j.arr.2022.101760
https://doi.org/10.1001/archneur.58.2.273
https://doi.org/10.1080/21678421.2020.1760889
https://doi.org/10.1080/21678421.2020.1760889
https://doi.org/10.2147/NDT.S213917
https://doi.org/10.1177/1525822X05282260
https://www.raredementiasupport.org/primary-progressive-aphasia/
https://www.raredementiasupport.org/primary-progressive-aphasia/
https://doi.org/10.2196/jmir.6.3.e34
https://doi.org/10.1136/bmjopen-2015-007792
https://doi.org/10.1002/gps.5253
https://doi.org/10.1017/S1041610297004870
https://doi.org/10.1136/jnnp.73.4.371
https://doi.org/10.1212/01.WNL.0000158425.46019.5C
https://doi.org/10.1212/01.wnl.0000247630.29222.34
https://doi.org/10.1080/13554790490894011
https://doi.org/10.1093/brain/awp235
https://doi.org/10.1093/brain/awp235
https://doi.org/10.3390/brainsci11030394
https://doi.org/10.3390/brainsci11030394
https://doi.org/10.1093/brain/aww067
https://doi.org/10.1001/jamaneurol.2016.0412
https://doi.org/10.1001/jamaneurol.2016.0412
https://doi.org/10.1016/j.cortex.2016.05.017
https://doi.org/10.1016/j.cortex.2016.05.017
https://doi.org/10.1111/1460-6984.12310
https://doi.org/10.21203/rs.3.rs-2190951/v1
https://doi.org/10.21203/rs.3.rs-2190951/v1
https://doi.org/10.1093/brain/aws080
https://doi.org/10.1093/brain/aws080
https://doi.org/10.1093/brain/awaa245
https://doi.org/10.1093/brain/awaa245
https://doi.org/10.1016/j.neurobiolaging.2012.12.002
https://doi.org/10.1093/brain/awt222
https://doi.org/10.1186/s13195-020-00600-x
https://doi.org/10.1186/s13195-020-00600-x


16 HARDY ET AL.

of a neurodegenerative proteinopathy. Sci Rep. 2020;10(1):16321.
doi:10.1038/s41598-020-72847-1

59. Belder CRS, Chokesuwattanaskul A, Marshall CR, Hardy CJD,

Rohrer JD, Warren JD. The problematic syndrome of right temporal

lobe atrophy: unweaving the phenotypic rainbow. Front Neurol.
2022;13:1082828. doi:10.3389/fneur.2022.1082828

60. Leyton CE, Hodges JR, McLean CA, Kril JJ, Piguet O, Ballard KJ. Is the

logopenic-variant of primary progressive aphasia a unitary disorder?

Cortex. 2015;67:122-133. doi:10.1016/j.cortex.2015.03.011
61. Josephs KA, Duffy JR, Strand EA, et al. Characterizing a neurode-

generative syndrome: primary progressive apraxia of speech. Brain.
2012;135(Pt 5):1522-1536. doi:10.1093/brain/aws032

62. Fletcher PD, Warren JD. Semantic dementia: a specific network-

opathy. J Mol Neurosci. 2011;45(3):629-636. doi:10.1007/s12031-
011-9586-3

63. Requena-KomuroMC, Jiang J, Dobson L, et al. Remote versus face-to-

face neuropsychological testing for dementia research: a comparative

study in people with Alzheimer’s disease, frontotemporal demen-

tia and healthy older individuals. BMJ Open. 2022;12(11):e064576.
doi:10.1136/bmjopen-2022-064576

64. Rogalski EJ, SaxonM,McKennaH, et al. CommunicationBridge: a pilot

feasibility study of Internet-based speech–language therapy for indi-

viduals with progressive aphasia. Alzheimer Dement. 2016;2(4):213-
221. doi:10.1016/j.trci.2016.08.005

65. Bessemer R, Iansavichene A, Jenkins ME, Finger E, Gofton TE. Clinical

milestones as triggers for palliative care intervention in progres-

sive Supranuclear palsy and multiple system atrophy. J Neurol Sci.
2023;448:120614. doi:10.1016/j.jns.2023.120614

66. Taylor-Rubin C, Croot K, Nickels L. Speech and language therapy in

primary progressive aphasia: a critical review of current practice.

Expert Rev Neurother. 2021;21(4):419-430. doi:10.1080/14737175.
2021.1897253

67. Steinacker P, Semler E, Anderl-Straub S, et al. Neurofilament as

a blood marker for diagnosis and monitoring of primary progres-

sive aphasias. Neurology. 2017;88(10):961-969. doi:10.1212/WNL.

0000000000003688

68. Onyike CU, Sloane KL, Smyth SF, Appleby BS, Blass DM, Rabins PV.

Estimating severity of illness and disability in Frontotemporal Demen-

tia: preliminary analysis of the Dementia Disability Rating (DDR). Acta
Neuropsychol. 2011;9(2):141-153.

69. Young AL, Marinescu RV, Oxtoby NP, et al. Uncovering the hetero-

geneity and temporal complexity of neurodegenerative diseases with

Subtype and Stage Inference. Nat Commun. 2018;9(1):1-16. doi:10.
1038/s41467-018-05892-0

70. Oxtoby NP, Leyland LA, Aksman LM, et al. Sequence of clinical and

neurodegeneration events in Parkinson’s disease progression. Brain.
2021;144(3):975-988. doi:10.1093/BRAIN/AWAA461

71. WeintraubS, RaderB,CoventryC, et al. Familial languagenetwork vul-

nerability in primary progressive aphasia.Neurology. 2020;95(7):e847-
e855. doi:10.1212/WNL.0000000000009842

72. Goldberg ZL, El-Omar H, Foxe D, et al. Cognitive and neural mech-

anisms of social communication dysfunction in primary progressive

aphasia. Brain Sci. 2021;11(12):1600. doi:10.3390/brainsci11121600
73. Graff-Radford J, Yong KXX, Apostolova LG, et al. New insights into

atypical Alzheimer’s disease in the era of biomarkers. Lancet Neurol.
2021;20(3):222-234. doi:10.1016/S1474-4422(20)30440-3

74. Zimmerer VC, Hardy CJD, Eastman J, et al. Automated profiling of

spontaneous speech in primary progressive aphasia and behavioral-

variant frontotemporal dementia: an approach based on usage-

frequency. Cortex. 2020. doi:10.1016/j.cortex.2020.08.027

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Hardy CJD, Taylor-Rubin C, Taylor B,

et al. Symptom-led staging for semantic and

non-fluent/agrammatic variants of primary progressive

aphasia. Alzheimer’s Dement. 2023;1-16.

https://doi.org/10.1002/alz.13415

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13415 by T

est, W
iley O

nline L
ibrary on [07/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1038/s41598-020-72847-1
https://doi.org/10.3389/fneur.2022.1082828
https://doi.org/10.1016/j.cortex.2015.03.011
https://doi.org/10.1093/brain/aws032
https://doi.org/10.1007/s12031-011-9586-3
https://doi.org/10.1007/s12031-011-9586-3
https://doi.org/10.1136/bmjopen-2022-064576
https://doi.org/10.1016/j.trci.2016.08.005
https://doi.org/10.1016/j.jns.2023.120614
https://doi.org/10.1080/14737175.2021.1897253
https://doi.org/10.1080/14737175.2021.1897253
https://doi.org/10.1212/WNL.0000000000003688
https://doi.org/10.1212/WNL.0000000000003688
https://doi.org/10.1038/s41467-018-05892-0
https://doi.org/10.1038/s41467-018-05892-0
https://doi.org/10.1093/BRAIN/AWAA461
https://doi.org/10.1212/WNL.0000000000009842
https://doi.org/10.3390/brainsci11121600
https://doi.org/10.1016/S1474-4422(20)30440-3
https://doi.org/10.1016/j.cortex.2020.08.027
https://doi.org/10.1002/alz.13415

	Symptom-led staging for semantic and non-fluent/agrammatic variants of primary progressive aphasia
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Exploratory survey
	2.2 | Consolidation of the provisional stages
	2.3 | Validation of diagnosis
	2.4 | Analysis of clinical and demographic data
	2.5 | Quantitative analysis of survey responses
	2.6 | Qualitative analysis of survey responses
	2.7 | Generation of a prototype functional impairment scale for PPA
	2.8 | Ethical approval
	2.9 | Data availability

	3 | RESULTS
	3.1 | Demographic and clinical characteristics
	3.2 | Quantitative analysis of survey responses
	3.3 | Qualitative analysis of survey responses
	3.4 | Features of the prototype functional impairment scale for PPA

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


