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Abstract

Background: Primary progressive aphasia (PPA) is a clinical dementia syndrome. Impairments in language
(speaking, reading, writing, and understanding) are the primary and persistent symptoms. These impairments
progress insidiously and devastate communication confidence, participation, and quality of life for persons living
with PPA. Currently, there are no effective disease modifying treatments for PPA. Speech-language interventions
hold promise for mitigating communication challenges and language symptoms. However, evidence regarding
their efficacy in PPA is of low quality and there are currently no rigorous randomized trials.

Method: Communication Bridge™-2 (CB2) is a Stage 2, superiority, single-blind, randomized, parallel group, active-
control, behavioral clinical trial delivered virtually within a telehealth service delivery model to individuals with PPA.
Ninety carefully characterized participants with clinically confirmed PPA will be randomized to one of two speech-
language intervention arms: (1) Communication Bridge™ a dyadic intervention based in communication
participation therapy models that incorporates salient training stimuli or (2) the control intervention a non-dyadic
intervention based in impairment therapy models addressing word retrieval and language production that
incorporates fixed stimuli. The superiority of Communication Bridge™ over the Control arm will be evaluated using
primary outcomes of communication confidence and participation. Other outcomes include accuracy for trained
words and scripts. Participants complete two therapy blocks over a 12-month period. Outcomes will be measured
at baseline, at each therapy block, and at 12 months post enrollment.
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Discussion: The CB2 trial will supply Level 2 evidence regarding the efficacy of the Communication Bridge™
intervention delivered in a telehealth service delivery model for individuals with mild to moderate PPA. An
important by-product of the CB2 trial is that these data can be used to evaluate the efficacy of speech-language
interventions delivered in both trial arms for persons with PPA. The impact of these data should not be overlooked
as they will yield important insights examining why interventions work and for whom, which will advance
effectiveness trials for speech-language interventions in PPA.

Trial Registration: ClinicalTrials.gov NCT03371706. Registered prospectively on December 13, 2017.

Keywords: Primary progressive aphasia, Dementia, Telehealth, Speech, Language, Communication, Speech-
language pathology, Randomized clinical trial, Aphasia, Therapy, Frontotemporal dementia, Behavioral intervention,
Dyadic intervention, Alzheimer’s
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Introduction
Background and rationale {6a}
Communication Bridge™-2 (CB2) is an NIA (National
Institute on Aging) funded Stage 2 [1], single-blind, ran-
domized, parallel group, active-control, behavioral clin-
ical trial delivered virtually within a telehealth service
delivery model to individuals with primary progressive
aphasia (PPA), a clinical neurodegenerative dementia
syndrome marked by language decline. The CB2 trial is
designed to test the central hypothesis that the Commu-
nication Bridge™ intervention is superior to the Control
arm intervention for improving: (1) participation in
everyday communication activities measured by the
Communication Participation Item Bank (CPIB) [2] and
communication participation goals using Goal Attain-
ment Scaling (GAS) [3, 4] and (2) self-reported commu-
nication confidence measured by The Communication
Confidence Rating Scale for Aphasia (CCRSA) [5, 6].
Ninety participants with mild-moderate primary PPA
and their co-enrolled communication partners are
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randomly allocated to one of two active intervention
arms. In the experimental arm (sample target = 54), par-
ticipants receive Communication Bridge™, a multi-
component, participation-focused [7], dyadic interven-
tion in which both the person with PPA and their co-
enrolled communication partner are intervention recipi-
ents. Communication Bridge™ is modeled on the Living
with Aphasia: Framework for Outcome Measurement
(A-FROM) [8–10] and the Care Pathway Model [11, 12].
Consistent with participation-focused intervention
models [7], personally salient training stimuli are incor-
porated into all therapy activities in the Experimental
arm. By contrast, the control arm (sample target = 36)
includes a non-dyadic intervention in which the person
with PPA is the active intervention recipient and their
communication partner is in a supporting role. In the
control arm, participants receive a speech-language
intervention designed to address impairment and func-
tional limitations, comprised of activities that address
word retrieval and ‘automatic’ speech production using
fixed, non-personalized, stimuli across participants. In
the current trial, both arms are delivered via telehealth
and are complemented by a self-paced home exercise
program delivered online through the Communication
Bridge™ web application. Dosing of synchronous speech-
language intervention activities and the trial outcome
measures are equivalent across trial arms. The CB2 trial
will provide Level 2 evidence [13] regarding the efficacy
of the Communication Bridge™ intervention delivered in
a telehealth service delivery model for individuals with
mild to moderate PPA.

Overview of primary progressive aphasia
PPA is a clinical dementia syndrome of neurodegenerative
etiology [14]. Salient clinical symptoms of PPA include
declines in understanding and expressing language
through symbolic representations (e.g., words, sounds,
letters) [15]. Language impairments remain the persistent
and salient feature of PPA over the disease course [16–
19]. With time, other cognitive and behavioral deficits can
appear as disease spreads throughout the brain beyond
the language network [19]. An estimated 60% of PPA is
associated with a form of frontotemporal lobar
degeneration and the remaining 40% with the
neuropathology of Alzheimer’s disease [19, 20]. There are
currently no effective disease modifying pharmacologic or
behavioral treatments. PPA typically develops between the
ages of 40 and 80 years with mean age of onset younger
than 65 years [21–23]. PPA has a devastating impact on
the ability to communicate with others [24, 25], which
makes the successful implementation of rigorous clinical
trials that address speech and language symptoms a
critical priority for optimizing quality of life for individuals
with PPA and their families.

In PPA, there are a variety of aphasic deficits that can
emerge at an individual level [15]. Three research-based
symptom profiles, proposed by an international group of
investigators, include the semantic variant (PPA-S) char-
acterized by a decline in conceptual word knowledge;
the agrammatic variant (PPA-G) characterized by a de-
cline in the ability to accurately process and generate the
underlying syntactic frame for language; and the logope-
nic variant (PPA-L) characterized by a decline in word
finding and phonological abilities [26]. While distinct
clinical presentations are observed in PPA, mixed or un-
classifiable profiles also occur [27, 28]. Word retrieval,
language processing, and language production difficulties
are universal features of PPA regardless of subtype—al-
though to varying levels of severity, and with differing
sources of disruption [28]. For example, difficulties re-
trieving the correct word may result from conceptual
impairments for some persons with PPA and from
phonological sequencing impairments for others [29,
30]. Most persons with PPA have some level of difficulty
understanding and generating connected speech (e.g.,
language beyond single words or sentences) even in the
initial stages of the disease [28, 31]. Abilities decline over
the course of the disease leaving language production
fragmented and often reduced to a few frequently used
words, formulaic utterances (e.g., “that’s all good”), vague
terms (e.g., “thing”), and stereotypic words and phrases
(e.g., “no-no-no”). As symptoms progress, the communi-
cation needs of persons with PPA may require the sup-
port of non-speech modes of communication (e.g.,
writing, pictures, texting, gestures) and in some cases
computerized speech-generating devices [32–34]. In the
face of these declines, communication partners carry the
disproportionate burden for successful communication
exchanges [35]. Because the inevitable progression of
language impairment in PPA is complicated by declines
in other cognitive and behavioral symptoms [22], inter-
ventions that address communication function and par-
ticipation broadly are of particular importance.
Non-pharmacological interventions, delivered most

often by a speech-language pathologist (SLP), are the
primary intervention for speech, language, and commu-
nication impairments in PPA [36–38]. Because of its rar-
ity, SLPs may have limited expertise with PPA [39].
While typically covered by insurance, SLP services are
often terminated once a plateau in progress is reached
leaving unmet needs as PPA symptoms progress. Along-
side difficulties and delays in acquiring an accurate diag-
nosis, these factors limit access to PPA-specific
assessments and interventions for speech, language, and
communication challenges [40]. The last decade saw a
growth in studies of speech-language interventions for
persons with PPA [41–43]. However, a recent systematic
review completed by the Progressive Disorders writing
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group of the Academy of Neurologic Communication
Disorders and Sciences found that more than 90% of
these studies implemented non-experimental, quasi-
experimental designs, and single-case-study designs that
lack robust randomization or control conditions [44].
Additionally, few studies followed participant outcomes
beyond six months and thus the long-term effects of
these interventions are unknown [44]. As a result, the
overall evidence quality for speech-language interven-
tions in PPA is still low, leaving patients and clinicians
with limited clinical resources. Following our successful
Stage I trial [42], we designed the CB2 clinical trial to fill
gaps in the current clinical science, to expand the quality
of evidence for clinical decision-making, and to advance
speech-language interventions for persons with PPA. In
the sections that follow, we provide a summary of the
evidence that supports key components of the CB2 trial
design.

Telehealth as a viable model for service delivery
Telehealth models for delivering speech-language inter-
ventions have demonstrated efficacy in several trials
across clinical populations [45]. With few exceptions,
this model has not been studied in persons with PPA
[42, 46]. Telehealth models are particularly relevant for
rare conditions, such as PPA, for which there is limited
access to expert care [47]. Earlier studies showed that
telehealth is a viable model for delivering speech-
language therapies to individuals with PPA [42, 46]. In
the current CB2 trial, our telehealth model delivers in-
terventions synchronously through a video conference
interface and is complemented by asynchronous home
practice activities supported by the Communication
Bridge™ web application. The web application provides
access to speech and language practice exercises, educa-
tional resources, reminders/notes from the trial inter-
ventionist, and a motivational logging system for self-
tracking completion of online home practice activities.
In our pilot study, we showed that using a telehealth
model to deliver synchronous and asynchronous speech-
language intervention activities remotely is feasible [42].

Evidence in support of the Control arm intervention
In the control arm, participants receive an impairment-
focused speech-language intervention [7]. Impairment-
focused behavioral interventions for aphasia target
underlying disrupted language and cognitive processes
(e.g., lexical activation, implicit processing of phrasal
movement in syntax structures) typically through struc-
tured, high repetition, intensive, therapeutic activities.
These sometimes low-contextualized therapeutic activ-
ities are designed to elicit specific behaviors or linguistic
targets that can be shaped toward a desired response
through clinician feedback. Typical impairment-focused

activities for language rehabilitation include naming pic-
ture targets facilitated by a cuing hierarchy, forming sen-
tences that conform to a specific syntax target, or
listening to sentences and responding to targeted con-
tent questions. Impairment-focused interventions
propose to improve communication function by rehabili-
tating the underlying disrupted cognitive and/or lan-
guage process and/or promoting optimal neural
reorganization in the context of injury [8, 48]. Previous
studies in PPA showed post-intervention improvements
for impairment focused interventions targeting word re-
trieval [49]; agrammatism [50, 51]; alexia [52]; and con-
nected speech/discourse [53]. The CB2 trial Control arm
targets two language impairments common to persons
with PPA using approaches that demonstrated efficacy
in previous studies: (1) word retrieval using a semantic-
phonological cueing hierarchy [54] and (2) language ex-
pression using Script Training [55] an intervention that
capitalizes upon speech automaticity to generate larger
units of scripted/scaffolded language exchanges in func-
tional contexts [56].

Evidence in support of the Communication
Bridge™—experimental arm intervention
Communication Bridge™ is a multi-component interven-
tion that is consistent with the A-FROM framework [9,
57]. Briefly, A-FROM has four domains: language im-
pairment(s); personal identity, attitudes, and feelings;
communication environment; and participation [9, 57].
The FOURC model (Choose Communication Goal, Cre-
ate Client Solution, Collaborate on a Plan, Complete and
Continue) also aligns well with the Communication
Bridge™ intervention framework first put forward by
Rogalski et al. (2016), which incorporates collaborative
goal setting, strategy development, environmental sup-
ports, and communication motivation/confidence devel-
opment as therapy components [58]. Collectively,
participation-focused intervention frameworks assume
that to optimize a client’s ability to live with aphasia, in-
terventions should address the four A-FROM domains
in a multi-pronged approach that aligns with the com-
munication goals of the client [7–9, 42, 58].
Participation-focused interventions target communica-
tion difficulties, construed broadly, within contextualized
communication contexts (e.g., ordering food at the cli-
ent’s favorite restaurant) [7]. In the CB2 experimental
arm, barriers and limitations that prevent individuals
from engaging in meaningful communication activities
are addressed systematically through personalized com-
munication strategies; communication partner training;
modification of environmental factors that contribute to
participation barriers (e.g., attitudes/knowledge of others
in the communication environment); and targeted
symptom-management education. While participation-
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focused interventions sometimes target retrieval of per-
sonally relevant word sets using drill-like activities, such
approaches are more likely to include the use of adaptive
communication aids/devices and collaborative problem
solving of communication participation barriers. Like
impairment-focused interventions, participation ap-
proaches are implemented systematically, and the clin-
ician supplies performative feedback that shapes
participant responses/actions toward a desired target/
goal. However, in contrast to impairment-focused ther-
apies, ‘success’ in participation-focused interventions is
measured by the person’s ability to engage in everyday,
personally meaningful, activities independent of changes
in the nature or severity of the underlying disease or dis-
rupted language/cognitive process [38]. Preliminary evi-
dence in support of participation-oriented interventions
for addressing PPA-related challenges comes from re-
cent systematic reviews [44, 59] and from our Commu-
nication Bridge™ pilot study [42].
Collectively, the available literatures highlight the

importance and feasibility of addressing communication
participation limitations in persons with PPA through a
joint synchronous and asynchronous telehealth model
using evidence-informed interventions in both the con-
trol and experimental arms of the CB2 trial.

Trial design and overview
Objectives {7}
Aim 1
Determine the within-group response of the Experimen-
tal and Control interventions for individuals with PPA.
Aim 1a: To provide descriptive and quantitative

characterizations of within-group responses to interven-
tion. Hypothesis 1: The Experimental arm will show sig-
nificant within-subject gains on standardized measures
of communication participation, personalized GAS goals,
and communication confidence while Control arm gains
will be most robust in the language impairment per-
formance measures
Aim 1b: Determine whether there are mediators that

affect the magnitude of intervention response (e.g.,
home exercise compliance, PPA subtype, level of
communication partner engagement). Hypothesis 2: We
hypothesize participants’ home exercise compliance will
be a significant mediating factor in intervention
response, especially for the language performance
measures.

Aim 2
Determine if a participation-focused, multi-component
intervention approach (Experimental arm) for persons
with PPA shows more favorable response in communi-
cation participation and communication confidence out-
comes as compared to a dose-matched, impairment-

focused intervention approach (Control arm) over a 12-
month course of disease. Hypothesis 3: Participants in
the Experimental arm will show more favorable commu-
nication outcomes relative to the Control arm.

Trial design {8}
CB2 is a Stage 2 behavioral [1], randomized, parallel
group, active-control, superiority trial designed to evalu-
ate the efficacy of speech-language interventions for per-
sons with PPA, specifically whether the Communication
Bridge™ intervention (experimental arm) is superior to
an impairment focused intervention in the Control arm.
Participant dyads are allocated to the experimental arm
and the control arm in a 3:2 ratio.

Methods: participants, interventions, and
outcomes
Study setting {9}
All participants are enrolled through Northwestern
University. Oregon Health & Science University is a
participating site involved in data collection only.
Northwestern University has primary administrative
oversight for the study. Participants are recruited
without any geographical restrictions. All trial visits are
conducted synchronously using a video conference
software platform.

Eligibility criteria {10}
Participant dyads
Participant dyads are made up of an eligible participant
with a PPA diagnosis and their communication partner.
The trial requires the clinical diagnosis of PPA to be
made by a neurologist and supported by the available
medical records [22, 26, 60]. Participants must have an
eligible communication partner who is willing to co-
enroll into the trial. The CB2 trial defines a “communi-
cation partner” as an informal caregiver (typically a fam-
ily member or friend) who has known the participant for
more than 12months, has close and regular contact with
the participant, and provides emotional, communication,
and/or activities of daily living support to the partici-
pant. By agreeing to enroll in the trial, communication
partners consent to supporting the enactment of the
core intervention components at the level required by
the randomly assigned trial arm. Communication part-
ners also serve as primary informants for measures of
caregiver burden, communication participation, and
communication difficulties. Inclusion and exclusion cri-
teria are detailed in Table 1.

Screening
Following medical record review and a brief screening
battery (Table 1), participants complete a structured
interview with a SLP who is not involved in delivering
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the intervention and who is blinded to trial arm
allocation. The purpose of the SLP screening interview
is to confirm the following: (1) that the prevailing barrier
to communication participation is related to aphasia and
thus targetable by the study interventions; (2) that the
clinical impression of symptom severity is consistent
with the screening assessment results [22]; and (3) that
the dyad has the resources and suitable “readiness” for
study participation. Readiness is defined by whether the
dyad has the time, technology, emotional/family
resources for an intensive 12-month study. A copy of the
SLP screening interview form is available within the CB2
Manual of Procedures [67]. Screening and interview data
are reviewed on a case-by-case basis by the administrative
study team who make the final decision regarding trial eli-
gibility. Implemented in our previous PPA observational
studies, this multi-staged approach for verifying trial

eligibility is critical because, in isolation, standardized as-
sessment data may not accurately reflect the severity of
aphasia, or other impairments, experienced by persons
with PPA [68]. An overview of the screening and enroll-
ment processes is provided in Table 2.

Trial interventionists
SLPs who have a clinical master’s degree in
communication sciences and disorders and have earned
a Certificate of Clinical Competence from the American
Speech-Language Hearing Association administer the
trial interventions. Trial interventionists have clinical ex-
perience in the assessment and treatment of persons
with PPA, and experiences with speech-language inter-
ventions from both impairment and participation-
focused theoretical frameworks.

Table 1 Trial inclusion and exclusion criteria

Applies to Both the Person with PPA and Co-Enrolled Healthy Adult Communication Partner

Adults (18+ years of age). No maximum age limit.

English is primary language used in daily communication activities (self-report)

Adequate hearing (aided or unaided) for communicating with others in a crowded room (self-report)

Adequate vision (aided or unaided) for reading a newspaper, or other functional materials (self-report)

Able to pass technology screeninga and demonstrates sufficient knowledge for use of video conference and Communication BridgeTM web
application use (with or without training)

Applies to Person with PPA Only

Geriatric Depression Scale score ≤ 9

Mild-moderate language symptoms informed by a structured interview with a speech-language pathologist and by the following assessments: BDAE
Spontaneous Speech task (‘Cookie Theft’ stimulus) scored using an adapted version of the WAB-R scoring system [61]; BDAE Repetition subtest: high
probability words; NACC-FTLD Module noun naming subtest ≥ 80% (if score is 80 or lower, the NACC-FTLD word-picture matching is used to verify
severity level).

WAB-R Western Aphasia Battery Revised [62], BDAE Boston Diagnostic Aphasia Exam [63], NACC-FTLD National Alzheimer’s Coordinating Center-Frontotemporal
Lobar Degeneration assessment modules [64, 65]
aDenotes study-specific forms/instruments available with the CB2 Manual of Procedures [66]

Table 2 Overview of study screening and enrollment processes

Who Procedures

Pre-screening interview RA +
PT/CP

Initial interview with PT/CP. Eligibility criteria reviewed. Verbal consent obtained for medical record
review. RA (Research Assistant) works with PT/CP to request medical records.

Medical record review AST To confirm diagnosis and absence of other exclusionary medical indications.

Technology check RA +
PT/CP

PT/CP complete technology tasks with RA to verify sufficient technology skills and internet
bandwidth for study sessions.

Cognitive, sensory systems, and
depression screening

RA +
PT/CP

PT/CP complete screening assessment tasks with RA to ensure participants meet eligibility criteria.
Screening measures listed in Table 1.

Secondary screening SLP Non-treating SLP meets with dyad to confirm study readiness, PPA-related deficits /severity, and
other relevant medical history information.

Screening review and enrollment
decision

AST The AST and other team members involved in screening process (RA and SLP) review all screening
assessment results. AST makes the final decision to enroll through consensus.

Consents/orientation RA +
PT/CP

REDCap e-consent signature from PT+CP; Orientation to video conferencing platform and Commu-
nication Bridge web application. Complete demographic, health history, and questionnaires with
PT. CP completes questionnaires independently and mails back to study team.

RA research assistant, PT/CP participant with PPA and their co-enrolled communication partner, SLP speech-language pathologist not involved in delivering
interventions who is blinded to trial arm allocation, AST the administrative study team (authors EAS, ACR, and ER)
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Who will take informed consent? {26a}
At the screening stage, participants provide verbal
consent for medical record review. In cases where
medical records are stored outside of the Northwestern
Medicine system, participants request the release of
their medical records and forward these to the study
team. REDCap electronic consent [69] is used to obtain
informed consent from each participant with PPA and
their communication partner. An overview of the trial
information and consent documentation is completed
via video conference with research staff. As needed,
study information is presented using simplified language
and multi-modal communication supports to ensure suf-
ficient information uptake for a valid informed consent.
For persons with PPA, their care partner can support
the consent process.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
Participants are asked to indicate their willingness to
consent to three optional elements as part of their trial
involvement: (1) consent to share audio and video data
for scholarly publications, scientific presentations, and
for teaching purposes; (2) consent to be re-contacted for
future studies; and (3) consent to share de-identified
data for use in other research studies conducted by fac-
ulty, staff, and students affiliated with the Northwestern
University Mesulam Center for Cognitive Neurology and
Alzheimer’s Disease. This trial does not involve collect-
ing biological specimens for storage.

Interventions
Explanation for the choice of comparators {6b}
A parallel, active control, trial addresses concerns with
delaying or denying the intervention to participants
randomized to the control arm. This decision was
motivated by several considerations. Importantly, the
progressive nature of PPA creates ethical dilemmas
related to withholding and/or delaying the intervention
over a 12-month period or providing a less effective con-
trol intervention with limited or no efficacy. Addition-
ally, recruitment and retention in dementia studies are
improved by having an active control arm when com-
pared to no-treat, delayed-treatment, sham, or
education-only control conditions [70]. Further, we de-
signed the control arm intervention such that it includes
evidence-informed therapeutic components that can be
dosed similarly to the experimental arm [70]. The con-
trol arm intervention was designed to intentionally con-
trast with the experimental arm on five key components:

1. Theoretical perspectives underlying intervention
approaches. Whereas Communication Bridge™ is a
multi-component intervention aligned with a

participation-focused aphasia intervention frame-
work, the control arm intervention is focused on
improving underlying language impairments/pro-
cesses and is aligned with an impairment-focused
framework.

2. The use of personalized training stimuli and
education materials. The experimental arm uses
personalized training stimuli developed by the
person with PPA and their communication partner
with guidance from their interventionist. By
contrast, the control arm uses the same pool of
potential training stimuli across all participants.
Thus, the two interventions differ along the
dimension of personal salience. Similarly,
participants in the control arm are exposed to
general education on the nature, progression, and
impairment profiles associated with PPA that is
delivered in video format. In the experimental arm,
participants view the same video but also receive
personalized handouts/education tools from a
library of core materials developed specifically for
Communication Bridge™. The contrast in the
inclusion of personally salient training stimuli and
education materials extends to practice activities on
the Communication Bridge™ web application.

3. Dyad-centered design. In the Communication
Bridge™ intervention, both the person with PPA and
their communication partner actively take part for
the full duration of each synchronous intervention
session, and activities are designed to optimize
engagement by both participants. In contrast,
communication partners in the control arm support
the person with PPA but are only present during
the first and final 5 min of each session as part of
the weekly review and session wrap-up components.
In the control arm, the communication partner is a
supporting agent and not a direct recipient of the
intervention. For both arms, participants complete
home practice exercises on the Communication
Bridge™ web application independently or with the
support of their enrolled communication partner.
In both trial arms communication partners may
provide technology support to the person with PPA
as needed.

4. Personalized, goal-directed intervention sessions.
Participants in both arms develop personalized
goals addressing participation in communication
activities and communication participation
limitations using a GAS approach [3, 4, 71–73].
In both trial arms, GAS goals are customized to
each participant and developed through
collaboration between participants and their
interventionist. The person with PPA develops
three GAS goals, while their communication
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partner develops one GAS goal. In the
experimental arm, these goals are central to the
intervention. Intervention activities, customized
to each participant, are mapped onto specific
GAS goals. By contrast, in the control arm,
therapeutic activities stay fixed across participants
and are not mapped onto individual GAS goals.

5. Communication Bridge™ Web Application Content.
The Communication Bridge™ web application
content differs between trial arms. Participants in
both trial arms have unrestricted access to the
application for home practice activities. In both
arms, the number of visits and home exercise
activity completions are tracked, with feedback
provided to participants. However, in the
experimental arm participants have an added
“Reminders” feature where their interventionist can
provide personalized weekly prompts around using
communication strategies, reviewing assigned
education handouts, and completing
communication activities within their daily routines.

Intervention description {11a}
The Communication Bridge™ Manual of Procedures is
published on Northwestern DigitalHub [66] where details
of the trial procedures and intervention protocols, by trial
arm, can be found. A brief overview of the interventions
provided to participants in each study arm follows.

Intervention service model
In both study arms, interventions are delivered through
a combination of synchronous and asynchronous
treatment activities. Synchronous sessions are delivered
via a secure video-conferencing platform using a study-
supplied laptop, a “plug-and-play” external microphone,
and external speakers. Asynchronous treatment activities
including home exercises and education activities are de-
livered via the Communication Bridge™ web application.

Intervention dosing

Synchronous therapy activity dosing The dosing of
each intervention is intended to be identical between
trial arms and clinicians [66]. Participants in both arms
complete a total of 15 synchronous, intervention
sessions that are 55–75min in length and are divided
between two blocks with ten sessions in block 1 and five
sessions in block 2. Intervention sessions are meant to
occur once per week and are scheduled at a time of the
participants’ choosing, typically on weekdays. Time
spent in preliminary activities (e.g., weekly status check-
ins, probe measures) versus targeted intervention activ-
ities is also intended to be equivalent between trial arms.

Asynchronous therapy activity dosing Participants in
both arms are encouraged to complete asynchronous
home practice exercises on the Communication Bridge™
web application 30 min per day, 5 days per week. Web
application logins and completed practice modules are
tracked by the application. Participants and
interventionists are provided feedback on the number of
logins and completed practice activities upon logging
into the Communication Bridge™ web application. The
interventionist reviews these data with participants each
week during the synchronous intervention session,
alongside any challenges incurred during home practice.
Participants have flexibility in when, and how, they
complete the Communication Bridge™ web application
practice activities.

Overview of core intervention approaches incorporated into
the CB2 trial
A summary of the core interventions incorporated into
each arm, and the features that distinguish their
implementation approach is presented in the sections
that follow. Table 3 provides a summary of the core
intervention components by arm.

Script training Script training [55] is an intensive and
structured intervention approach for persons with
aphasia in which clients repeatedly practice phrases,
sentences, and narratives formatted as monologues (e.g.,
describing the experience of living with PPA) or
dialogues (e.g., exchange with a server in a restaurant).
Script Training, which is based on the Instance Theory
of Automatization [56], utilizes a variety of methods to
support script learning including reading the script
aloud repeatedly, producing the script following a
clinician model, and generating the script spontaneously
with varying levels of visual and/or auditory cues [74].
With intensive practice, persons with aphasia can
retrieve portions of, or the entire script, fluently in the
context of their daily activities [74, 75]. Studies of Script
Training in aphasia secondary to stroke demonstrated
generalization to spontaneous language beyond trained
scripts [76].
CB2 trial guidelines for developing the training scripts

and detailed procedures for implementing Script
Training are in the Communication Bridge™ Manual of
Procedures [66]. Regardless of the assigned trial arm,
participants train on a base script set that includes one
script describing what PPA is and what helps when
communicating with a person who has PPA. From there,
script training for participants in the control arm uses a
fixed set of training stimuli (both monologues and
dialogues) that are the same across participants. Scripts
used in the control arm cover a range of topics
important to persons with PPA that were informed by
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our pilot study. In contrast, training scripts used in the
experimental arm are personalized to each participant
and are linked to communication activities aligned with
their GAS goals.
In both trial arms, the number of utterances in each

script ranges from 8 to 12 utterances to minimize
systematic differences in script difficulty across
participants and arms. Scripts are trained consecutively.
Participants are required to meet a threshold of 80%
accuracy over two consecutive intervention sessions
before adding a new script to the training set. In both
trial arms, script training begins with the a base training
script that is fixed across participants. An exception to
this rule is applied in the experimental arm in which
participants, when requested and when it aligns with
their GAS goals, are allowed to introduce a new
personalized script prior to mastering the base training
script. Trained scripts are probed at each session. Scripts
are scored by trained, independent outcome assessors
using a multi-dimensional scoring system developed for
the CB2 trial, that considers articulation, lexical retrieval,
information content, grammar, and syntax structure ac-
curacy [77]. To account for potential effects of script dif-
ficulty, each script is assigned a difficulty score using
this multi-dimensional scoring system that can be used
as a covariate in the statistical analysis. Script accuracy is
scored as a percentage correct out of the maximum diffi-
culty score assigned to the training script. Participants
train on differing numbers of scripts depending on how
quickly they reach proficiency for each script. In the
control arm, participants are trained on up to five
scripts. Scripts include two monologue and three dia-
logue scripts based on the principles described in Kaye
and Cherney [77]. Participants in the experimental arm
do not have a limit on the number of scripts that can be
introduced into the formal Script Training activities.
Additional “informal” scripts, not linked to specific GAS
goals, may be developed as part of the experimental arm
intervention but are practiced outside of a formal script
training context and thus are not probed at each session.

Cuing hierarchy intervention for word retrieval A 5-
level, mixed phonological-semantic, word-retrieval cuing
hierarchy intervention is implemented as an obligatory
component in the control arm, but an optional compo-
nent in the experimental arm depending on participant
preference and their communication GAS goals. The
cues in the hierarchy are organized from most to least
supportive. In cuing hierarchy interventions, participants
are repeatedly cued to generate a target word (or phrase)
using a variety of cues (e.g., phonemic cues such as the
first sound of a word, semantic cues such as a brief def-
inition of a word) selected to stimulate activation and se-
lection of lexical representations. The aim of such
interventions is to strengthen the semantic, lexical, and/
or phonological networks through repeated practice and
targeted lexical retrieval. Cuing hierarchy interventions
for word retrieval impairments are among the most fre-
quently reported interventions for persons with PPA
[41–43].
Regardless of trial arm, participants have a core set of

training words that are developed for use in trial
activities, including home practice activities on the
Communication Bridge™ web application. In the control
arm, these are the same words/phrases used in the cuing
hierarchy. In the experimental arm, this core set can be
trained using a cuing hierarchy intervention and/or can
be incorporated into participation-focused activities. Re-
gardless of arm or training approach, the core word list
is probed at each training session using a naming to def-
inition cue. Percent accuracy is recorded for each session
and used to guide the addition of new words to the
training set. The details of these procedures are provided
in the Communication Bridge™ Manual of Procedures
and are summarized below.
The potential set of training words/phrases for the

control arm includes a list of 75 items taken from a
previously published study for developing lexical
training sets for persons with PPA and is augmented by
15 lower lexical frequency-of-occurrence words from
the Multilingual Naming Test to achieve a potential

Table 3 Summary of intervention components by trial arm

Intervention component Control arm Experimental arm

Script training Required Optional

Word retrieval cuing hierarchy Required Optional

PPA “basics” educational video Required Required

Personalized communication strategy education and training Not allowed Required

Communication Bridge™ web application home practice activities Required. Self-paced. Required. Self-paced.

Personalized training stimuli for both synchronous and home practice activities. Not allowed Required

Therapeutic activities tailored to participant GAS goals Not allowed Required

Collaborative problem solving/counseling around barriers to communication participation Not allowed Required

Optional components are incorporated based on participant preference and whether the prescribed intervention approach is aligned with the participants’
GAS goals
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training set of 90 words [78]. From these 90 words, an
initial training set of 30 items is randomly selected from
words that the participant was able to retrieve correctly
in response to either a definition cue (max of 6 words)
or first sound cue (max of 24 words). If the participant
does not have enough stimulable words from which to
draw for the training set, then the remaining words are
selected randomly from the list of non-stimulable
words. For the experimental arm, participants generate
a list of 75 to 80 words that are salient to their everyday
activities. Participants self-select the 30 words to use in
the initial training set from two lists of words, one made
up of words that they can retrieve correctly from defin-
ition (max of 6 words), and one made up of words that
they can retrieve correctly with a phonemic cue (max of
24 words) and those for which they are not stimulable.
For participants in both arms, new words are introduced

as proficiency is demonstrated on previous stimuli.
Proficiency is defined as being able to retrieve the target
word from a definition, in 5 s or less, over three consecutive
sessions. Word accuracy is scored as a percentage correct
for all words in the training set and is scored by trained,
independent, outcome assessors. As the core training set is
updated, the Communication Bridge™ web application is
also updated so that the online, asynchronous word-retrieval
practice activities match the stimuli incorporated into the
synchronous therapy activities.

PPA “basics” education video Participants in both
arms view the same standardized PPA “basics” video
with their interventionist and have the opportunity to
ask questions related to the video content. This
educational video provides an accessible overview of
PPA including its pathophysiology, genetics, clinical
symptom profiles, diagnosis, and progression.
Participants view this video during the first intervention
session and continue to have access to it over the
duration of the trial.

Personalized strategy education and training Only
participants in the experimental arm receive
communication strategy training and expanded disease/
communication symptom education. The CB2 trial
incorporates a variety of strategies based on the published
literature across communication disorders [8, 37, 57, 79].
Common strategies taught in the experimental arm
include the use of multi-modal communication sup-
ports such as teaching participants how to use layered
and simultaneously deployed communication modes
including gestures/body language, writing, texting,
drawing, and speaking. Another aim of the Communi-
cation Bridge™ program is to teach participants how
to build communication alliances with one another,
and their family members/friends, to scaffold

successful communication episodes whether at home
or in the community. For example, clinicians may in-
struct the person with PPA to provide a non-
stigmatizing cue to signal to their partner that they
require increased support during a conversation with
an unfamiliar group of people. The experimental arm
also incorporates technology solutions to optimize
communication. These can include the use of picture
or story board web applications for conveying infor-
mation or retelling events. The use of speech-to-text
and text-to-speech native applications on smart de-
vices can also be introduced to increase communica-
tion effectiveness for participants with better spelling/
reading than speaking abilities. The library has 34 in-
structional documents and 39 tutorial videos covering
a variety of communication strategies and technology
solutions that are available to participants in the ex-
perimental arm. These are assigned by the interven-
tionist based on the needs of participants and their
goals. Additional personalized handouts are developed
when needed to help achieve the participants' GAS
goals. A comprehensive list of Communication
Bridge™ library resources is published in the Manual
of Procedures [66]. The strategies trained in each ses-
sion, and the amount of time spent training each
strategy, are documented using the study Run Sheet,
provided in the Communication Bridge™ Manual of
Procedures [66].
Communication strategies are taught through a

variety of approaches including collaborative
problem solving between the interventionist and
participants, role-playing, strategy practice activities
with performative feedback, and facilitated reflec-
tions, among other therapeutic approaches. Time
spent in instruction for each strategy is documented
by session to allow for monitoring the dosing of
education and strategy training activities in relation
to other core intervention activities. Education and
strategy training activities are mapped to specific
GAS goals allowing us to track which strategies were
used to achieve specific goals.

Communication Bridge™ web application home
practice activities The Communication Bridge™ web
application is an innovative part of the CB2 trial. It has
four practice activities from which participants can
select home exercises to complement their synchronous
intervention sessions. Detailed in the Manual of
Procedures, including screenshots of each exercise and
the web application dashboard, these include Picture
Cards a naming (word retrieval) exercise; Pronunciation
Cards a word pronunciation exercise; the Word to
Picture Matching exercise, and Script Practice exercise
[66]. Regardless of the trial arm, the stimuli and targets
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populated to the exercise section of the web application
match those used in the participant’s synchronous
intervention sessions. One difference between the
synchronous sessions and the web application is the use
of picture stimuli in the Picture Cards exercise for word
retrieval. For the control arm, picture stimuli are
standardized across participants and items. In the
experimental arm, participants provide
personalized pictures representing targets in their core
word training set, which can be augmented by the study
team if needed. Thus, for the experimental arm, pictures
used in the web application exercises are more
representative of the participant's daily life. Handouts
and video tutorial resources discussed earlier in the
communication strategy and education core intervention
description are also available through the web
application. The availability of these materials is
restricted for the control arm and unrestricted for the
experimental arm. In the experimental arm, resources
that are recommended by the interventionist, are posted
weekly under each participant’s personalized
“Reminders” page. The web application dashboard,
visible to both groups, provides feedback regarding
website visits and web exercise completion as well as
upcoming study appointments [66]. In both trial arms,
Communication Bridge™ web application activities are
completed in a self-paced and self-directed manner [66].

Criteria for discontinuing or modifying allocated
interventions {11b}
There are no provisions for changing trial arm allocation
or interventionists. However, participants may choose to
withdraw at any time during the trial. Participants can
be removed from the trial by the investigator if (1) their
communication partner is no longer able to take part in
the study; (2) they take part in other speech-language
therapy services that interfere with the study interven-
tions; (3) the study loses contact with the participant; (4)
their participation in the trial would cause harm (e.g.,
extreme frustration with assessment or intervention
tasks); or (5) the participant is no longer able to partici-
pate in required therapy sessions/tasks within the study
visit scheduling rules. Examples of factors that could
interfere with adhering to study scheduling rules include
the onset of an acute or chronic interfering medical ill-
ness, or a change in living environment where access to
the internet is no longer available. Participants who miss
more than two visits will be withdrawn from the study
at the end of the intervention block where the missed-
visit threshold was crossed.

Strategies to improve adherence to interventions {11c}
To optimize adherence to the interventions, all
necessary study equipment is provided. Participants are

provided with a technology study kit and a test materials
kit, which are returned following the last study session.
The technology kit includes a study-programmed laptop
(Windows- or Mac-based depending on participant
knowledge and/or preference), external USB micro-
phone, external speakers, wireless mouse, ethernet cable
for connecting the laptop directly to a modem, and a
technology set-up guide to ensure consistency in hard-
ware use and high-quality internet access across all par-
ticipants. The test materials kit has manipulable objects
needed for the Western Aphasia Battery-Revised (WAB-
R) [62]. Other adherence strategies for minimizing inter-
vention visit cancelations include flexible visit-
scheduling windows that account for holiday time pe-
riods and other unexpected events, while still adhering
to consistent dosing and assessment/intervention block
timing. The detailed guidelines for visit scheduling,
missed visits, and for rescheduling visits are in the Man-
ual of Procedures [66].
Robust adherence to asynchronous practice exercise

recommendations within the Communication Bridge™
web application is facilitated by automated feedback on
the participant’s personalized “Achievements” dashboard
(e.g., report of the number of times they visited the
Communication Bridge™ web application, the number of
exercises completed). Other intervention details (e.g.,
session times, home exercise reminders for the
Experimental group) are posted to the participant’s
personalized Communication Bridge™ web application to
increase adherence and minimize data lost to missed
visits. At each synchronous training session, the
interventionist reviews the ‘Achievements’ page in the
Communication Bridge™ application where the number
of logins and exercise completions are tallied to assess
compliance and the presence of any new, or recurring
barriers, to practice (e.g., technology issues). The
interventionist also reviews challenges with
implementing the intervention at home, new concerns
that affect communication goals, and potential
scheduling issues. Additionally, at the beginning of each
intervention block, the study team reviews the trial
requirements with participants and assesses for the
presence of any intervening factors such as changes in
health status or participation in other activities that
could compromise the CB2 trial.
To reduce technology barriers that could affect

asynchronous practice compliance, the study team provides
technology tutorials to participants at the beginning of the
trial and are available to provide technology support to
both participants and interventionists as
needed throughout the duration of their study
participation. Written technology handouts are provided to
participants to aid in completing weekly video sessions and
using the Communication Bridge™ web application.
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Relevant concomitant care permitted or prohibited
during the trial {11d}
Participants with PPA are asked to withhold from co-
enrolling in a study or clinical intervention that could
interfere with the CB2 trial results. These include partici-
pation in other behavioral or neuromodulation interven-
tions for language, cognition, or speech symptoms.
Otherwise, care continues as normal. If the need for non-
competing, services arise (e.g., audiology, vision assess-
ment, dysphagia assessment), the administrative study
team and interventionist provide support to coordinate
those services with the trial intervention. Participation in
caregiver education and support groups is allowed pro-
vided these do not have a primary speech-language ther-
apy focus (e.g., communication strategy training).

Provisions for post-trial care {30}
There are no formal post-care provisions. All partici-
pants receive a general resource handout following dis-
charge. Participants continue to have access to the
Communication Bridge™ web application for self-
directed practice and education materials following
study completion. However, web application materials
are not modified or updated after completing the trial.

Outcomes {12}
In keeping with the A-FROM framework, the primary
study outcomes are related to communication confidence
and participation and include (1) a standardized measure
of communication confidence, the Communication Confi-
dence Rating Scale for Aphasia (CCRSA) [5]; (2) a stan-
dardized measure of communication participation in
everyday activities, the Communication participation Item
Bank (CPIB) [2]; and (3) performance on person-centered
communication participation goals generated at baseline
through goal attainment scaling procedures [3, 4]. Other
language impairment outcomes, detailed under the core
interventions section, include percent accuracy on trained
words and scripts (probed each session). The primary
study outcomes of communication confidence and partici-
pation are aligned with the theoretical model underpin-
ning Communication Bridge™. The A-FROM [9, 57] and
WHO-ICF [7] models identify communication confidence
and participation as distinct therapy targets for minimiz-
ing disability and optimizing quality of life for persons
with aphasia. Previous studies in communication disorders
highlight the importance of intentionally targeting the
construct of communication participation because
changes in underlying impairments may not translate to
improvements in functional status or engagement in
everyday activities [2, 80]. All outcomes reported below
are measured at five timepoints during the trial: baseline;
post intervention block 1 (PIE 1); at 6 months post enroll-
ment, prior to beginning intervention block 2; post

intervention block 2 (PIE 2), and at the end of the study
(~ 12months post enrollment).

Communication confidence
Communication confidence is measured using a single
outcome. The CCRSA measure is a Likert scale, that
asks persons to rate how confident they feel
communicating in different situations both in the
home (e.g., understanding a television program) and
in the community [5, 6, 81]. The CCRSA theoretically
ranges from 0 to 100 with higher ratings indicating
more confidence. The psychometric properties of the
measure, originally validated in persons with aphasia
secondary to stroke, have been published previously
[5]. Currently, there are no published psychometric
properties for the CCRSA in persons with PPA. The
CCRSA was used as the primary outcome in our pilot
study [42]. Participants complete a paper version of
the CCRSA scale in self-paced format, then meet with
a research coordinator to review and verify responses.
Paper copies of the response form are returned to the
study team via mail. At each assessment point (fol-
lowing baseline), participants are provided with re-
sponse forms that have their most recent responses
marked in red ink. Providing participants with their
most recent responses minimizes recall bias by pro-
viding an anchor to support a more accurate self-
assessment of current status relative to their previous
communication confidence levels.

Communication participation
Communication participation outcomes include both
the CPIB and person-centered GAS goals.

Communication Participation Item Bank (CPIB) The
CPIB measure is a 10-item, Likert scale that asks persons
to rate how their condition interferes with participating in
daily activities (e.g., talking to people you know/do not
know, securing a turn in a fast-moving conversation). The
psychometric properties of the measure, developed for
persons with communication disorders broadly, have been
published previously [2]. Both raw and T-scores are avail-
able. The CPIB T-score has a theoretical mean of 50 and
standard deviation of 10 with higher ratings reflecting
higher levels of participation. Like the CCRSA, partici-
pants complete the CPIB in self-paced, paper format and
then meet with a research coordinator to review their re-
sponses. As with the CCRSA, participants are provided
with their responses from their most recent previous as-
sessment to anchor their ratings. For CCRSA and CPIB,
the mean of these outcomes at each visit, as well as the
mean change from baseline to each of the follow-up visits
will be compared within and between arms.
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Goal Attainment Scaling (GAS) goals Participant-
centered goals are developed during the baseline evaluation
sessions. The GAS development procedure for the CB2
trial is detailed in the Communication Bridge™ Manual of
Procedures [66]. Briefly, GAS goals are developed
collaboratively in a process that involves the assigned
interventionist, the person with PPA, and their
communication partner. GAS goals are developed by
triangulating information gathered from a dynamic
assessment clinical interview conducted by the
interventionist [82]; the Assessment of Living with Aphasia
(ALA) [83] a standardized assessment based on the A-
FROM model used to identify individualized barriers to
communication participation in persons with aphasia; and
the Social Networks Inventory (SNI) [84] a standardized in-
ventory for characterizing the size and scope of a person’s
communication circle(s) and their communication modes
(i.e., the methods and modalities they use to communicate
with others such as gestures, words, and texting).
All GAS goals are centered on communication-related

activities addressable by speech-language therapies. A total
of four GAS goals are developed for each participant dyad,
three that target communication from the person with
PPA’s perspective and one that targets communication
from the communication partner’s perspective. Each GAS
goal is written such that the current level of function/per-
formance is anchored at ‘0’. At its extremes, the GAS scale
is anchored at + 2 (improvement from baseline) and − 2
(decline from baseline). Levels + 1 and + 2 reflect incre-
mental improvements with + 2 reflecting the participant’s
self-stated “best” anticipated outcome. Levels − 1 and − 2
reflect incremental levels of decline with − 2 reflecting the
participant’s “worst” anticipated outcome. Written de-
scriptions are developed by the interventionist for each
anchor that describes the functional/performance expecta-
tions at each level, which are verified with both members
of the participant dyad prior to finalizing. In cases where
participants exceed performance anchors at + 2 or − 2,
they are assigned a score of + 3 or − 3 based on the direc-
tion of change, improvement or decline, respectively. At
each assessment timepoint, GAS goals are evaluated
by a non-treating SLP assessor who is familiar with
the dyad but is blinded to trial arm allocation. At
each timepoint, the SLP assessor conducts a dynamic
assessment clinical interview with both participants
and uses this information to score the current func-
tional/performance status for each GAS goal based on
the descriptions provided for each anchor.
To determine trial outcomes, participants will be

classified into performance bins (decrease in scores,
no change in scores, or increase in scores) based on
within person change at each of the following time
points: (1) initial intervention effect - baseline to
post-intervention evaluation following therapy block

one (PIE1); (2) maintenance of initial intervention ef-
fect - PIE1 to 12 months post enrollment; and (3) net
effect of intervention over the full trial duration -
baseline to 12 months post enrollment. For CCRSA
and CPIB, binning will be based on clinically mean-
ingful change thresholds as defined in the relevant lit-
erature. For GAS, binning will be as improvement or
increase, no change, and decline or decrease based on
direction of GAS goal score changes. Trial “success”
will be defined as a statistically significant difference
(odds ratios favoring experimental arm), comparing
the combined percentage change from participants
binned to the “no change” and “increased” categories
between arms, for any single primary outcome meas-
ure, at any one of the critical timepoints. Effectively,
we will determine trial success by comparing percent-
age change for those participants who remain stable,
or who demonstrate improvements, at each time
point on the CCRSA, CPIB, and GAS goals. Defining
“success” as stable or improved performance is im-
portant for behavioral interventions in neurodegenera-
tive disorders where the intrinsic state of the
condition is one in which progressive, incremental,
decline is expected. Thus, maintaining stability of
baseline functional status (i.e., slowing symptom de-
cline) in the face of neurodegeneration is an import-
ant therapeutic target [85].

Participant timeline {13}
We enrolled our first participant on May 3, 2018. We
expect to enroll the final participant in the first
quarter of 2022, with all study visits completed by
March of 2023. Time from first study contact to
enrollment is variable and depends on several factors.
Depending on the time required to retrieve medical
records, time from screening to enrollment can be as
short as 10 days (about 1 and a half weeks). However,
in some cases when added testing is needed to
confirm a diagnosis of PPA or to rule out other
confounding conditions, the time to enrollment may
be longer (Table 2).
The total study time commitment for participants is

approximately 12 months. Participants complete
assessment visits prior to therapy blocks one and two, at
baseline and 6 months, respectively. Post-intervention
evaluations (PIE) are conducted following each interven-
tion block. A final evaluation and a post-study debriefing
interview are conducted following the final intervention
session visit at month 12 following enrollment. A listing
of the assessment measures/tasks completed at each
evaluation block is in the Communication Bridge™ Man-
ual of Procedures [66]. In the Appendix is a SPIRIT
guideline figure with details of the study timeline and
core protocol activities.
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Sample size {14}
The enrollment target is 90 PPA dyads that include a
person with mild to moderate PPA and their co-enrolled
communication partner, with 54 dyads allocated to the
experimental arm and 36 dyads to the control arm.
Using their baseline assessment data, medical records,
and neuropsychological baseline data participants with
PPA are assigned to one of three research subtypes se-
mantic, agrammatic, and logopenic using previously
published consensus criteria [26]. Allowing for an esti-
mated attrition rate of 6% (i.e., loss of five participants),
the planned minimum sample size is 85 participants (51
experimental arm and 34 control arm). These sample
sizes have 80% power to detect a between arm mean dif-
ference of 0.70 standard deviations (SDs) assuming a
two-tailed Type I error rate of 2.5%. There is 80% power
to detect a within arm mean change of 0.40 SDs in the
Experimental arm and 0.50 SDs in the control arm as-
suming a two-tailed Type I error rate of 5%. Pilot data
from our Stage I trial [42] indicated a within arm
CCRSA effect size of 0.52 SDs for the change from base-
line to post speech-language intervention sessions at two
months post-baseline so that the trial was powered to
detect expected within arm changes in CCRSA.

Recruitment {15}
Participants are recruited through several mechanisms,
without geographical restriction, including the research
registry at the Mesulam Center for Cognitive Neurology
and Alzheimer’s Disease at Northwestern University,
clinician referral (e.g., physician, speech-language path-
ologist, social worker), and self-referral. Study awareness
efforts include direct mailing (e-mail and physical mail
to targeted audiences), website listings, professional and
patient-focused listservs, non-governmental organiza-
tions (e.g., Alzheimer’s Association, Association for
Frontotemporal Degeneration), clinical trial finder web-
sites, word of mouth, networking and presentations
within the National Institute on Aging (NIA)–funded
Alzheimer’s Disease Research Centers, clinical registra-
tion through Clinicaltrials.gov, and promoting the study
at professional and lay-community conference/educa-
tional events. Recruitment status relative to planned tar-
gets is reviewed monthly by the administrative study
team and PI for adjusting recruitment plans as needed.
A recruitment committee tracks recruitment efforts, and
their referral success rates.

Assignment of interventions: allocation
Sequence generation {16a}
The randomization schedule was generated using SAS
software (Version 9.4 SAS System for Windows,
Copyright (c) 2002–2012 by SAS Institute Inc., Cary,
NC, USA). A permuted block randomization schedule

was stratified by trial interventionist and subtype with 15
individuals from each subtype (semantic, agrammatic,
logopenic) randomized to the experimental (n = 9) or
control (n = 6) arm for each of two interventionists.
Within each interventionist and subtype, the 15
randomized individuals consisted of three blocks of five
participants, three allocated to the experimental arm and
two to the control arm.

Concealment mechanism {16b}
The project manager and statistician have primary
access to the randomization schedule. While the
remainder of the study team is blinded to the allocation
schedule, the full schedule for the study was formatted
in a single spreadsheet and revealed to the project
manager at the study outset.

Implementation {16c}
A study team member who is not involved in the
intervention delivery completes the enrollment process
with participants. The project manager assigns
participants to interventions following enrollment and
unblinds the intervention arm to the interventionist
following the baseline assessment.

Assignment of interventions: blinding
Who will be blinded {17a}
Trial arm concealment is preserved by using unique
participant identifiers that do not contain any
participant or trial arm label information. Regardless
of the study arm, outcome assessors use identical
forms and procedures for collecting and recording
outcome measure data, which minimizes risk of
revealing intervention assignment during scoring.
However, while these forms are labeled by study
identifier only, assessors involved in scoring the
CCRSA and CPIB measures may not be strictly
blinded to participant arm beyond the baseline
assessment. They may be able to re-identify partici-
pants based on familiarity developed through study
and technology support activities. Importantly, the
outcome assessor involved in the GAS goal scoring is
blinded at all timepoints. Central study lists linking
participant number and intervention assignment are
stored on REDCap [69] and maintained exclusively by
the project manager. This list is not shared with the
outcome assessors or statistical team to facilitate
intervention group concealment for participant-level
data. When participant-specific discussions regarding
intervention or clinical care are required, meetings
are held separately with each interventionist to
minimize sources of bias that could affect interven-
tion implementation between clinicians or across
arms. Participants remain blinded to trial arm
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allocation for the duration of the study protocol and
following discharge. Interventionists are blinded to
group allocation for the baseline assessment and the
creation of GAS goals but are unblinded to group as-
signment before the first intervention session. Because
the trial interventionists administer interventions in
both study arms, they are unable to remain blinded
to study arm beyond the baseline assessment. They
remain blinded to the primary outcomes data at all
time points. Interventionists are not involved in the
scoring of primary study outcomes.

Procedure for unblinding if needed {17b}
The statistician, analysts, PI, and core administrative team
members will be unblinded for the purposes of completing
interim analyses of the primary and other outcome data for
the Data Safety and Monitoring Board. The unblinding of
participants whose data are included in the interim analysis
will be completed in REDCap by the project manager.
Other circumstances that may necessitate unblinding
include significant adverse events that have potential to be
related to the study protocol, participant withdrawal, or
other study-safety-related issues.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Assessors receive extensive training in administering and
scoring study assessments and measures. A clinical
neuropsychologist (author SW) assesses competency in
administering most of the neuropsychological assessments.
Competency in the administration of the remaining patient
report and speech-pathology scales and measures, along
with establishing and writing GAS goals, is evaluated by the
project manager and/or author ACR (a trained and regis-
tered SLP). The assessments and measures used to collect
participant descriptive data are detailed in the Communica-
tion Bridge™ Manual of Procedures [66]. With few excep-
tions, all study assessments and measures are administered
and scored in accordance with their published manuals
and/or instructions. Deviations from published protocols,
and/or bespoke administration or scoring rules specific to
the CB2 trial, are detailed in the Communication Bridge™
Manual of Procedures [66] and in recent publications [61].

Plans to promote participant retention and complete
follow-up {18b}
The CB2 trial employs several strategies that are
consistent with best practices for improving participant
retention in dementia clinical trials [70, 86, 87]. These
include the use of flexible schedules that allow week-to-
week changes in study visit appointments to accommo-
date participant work and personal schedules. Technol-
ogy barriers to retention are reduced by supplying all
required study devices and implementing technology

that is portable. This allows participants to travel and
change locations without missing study sessions. Robust,
remote, technology support provided by the study team
and through Northwestern University Information Tech-
nology further reduces knowledge barriers that could
negatively impact retention. Access to the Communica-
tion Bridge™ web application and communication prac-
tice activities between intervention blocks provides
motivation for study participants and keeps them con-
nected with the study protocol between synchronous
intervention sessions, further reducing study attrition.
Because there are no costs to participants, there are few
financial barriers to study participation. When a partici-
pant withdraws from the study, all primary and other
outcomes collected prior to leaving the study remain in
the dataset and, if willing/able, participants may be asked
to complete the final debriefing interview.

Data management {19}
Data management procedures are overseen by the project
manager and compliance is reviewed regularly during
scheduled administrative study team meetings. Study data
are managed using REDCap electronic data capture tools
hosted at Northwestern University [69]. REDCap
(Research Electronic Data Capture) is a secure, web-based
software platform designed to support data capture for re-
search studies, providing (1) an intuitive interface for vali-
dated data capture; (2) audit trails for tracking data
manipulation and export procedures; (3) automated ex-
port procedures for seamless data downloads to common
statistical packages; and (4) procedures for data integra-
tion and interoperability with external sources. Data man-
agement procedures are outlined in the study protocol
[66] and are summarized here. Prior to data entry, all
paper-based forms are checked for missing and/or am-
biguous responses (e.g., two responses circled for a single
item). Missing or ambiguous responses trigger a call to
the participant to determine if the response was omitted
intentionally or in error. If produced in error the intended
response is clarified. All measures, except for patient-
reported outcomes, are scored twice by independent as-
sessors. Automated checks in the database flag out-of-
range values and missing data for required fields. Study
sessions are audio/video recorded via the video conference
software for later response verification, missing data re-
covery, and fidelity assessments.

Confidentiality {27}
Personal information about potential and enrolled
participants is exchanged through secure scan/fax (via
Box Capture), phone call, secure REDCap link, and/or
secure email exchange. When required by non-local inter-
ventionists, de-identified paper copies of study records are
couriered (via FedEx or other secure shipping services) to

Roberts et al. Trials          (2022) 23:487 Page 15 of 24



the study coordinating site (Northwestern University) with
package tracking. Email exchanges with participants are
conducted via university-secured e-mail servers. Identifi-
able data, and study documents that have identifiable in-
formation, are stored on secure Northwestern University
network servers that are backed up hourly. Recruitment
mailing lists are stored separately from trial data and are
kept by a central committee within the Mesulam Center
that oversees recruitment for all center research activities.
Contact information (physical addresses and phone num-
bers) needed to ship equipment to participants are stored
securely in REDCap, on Northwestern University network
servers, and when in physical form in locked filing cabi-
nets located in research-dedicated spaces. Upon study
completion, computer devices are mailed back to the
study and are cleaned to remove any file traces or identifi-
able information before deploying to a new participant.
Participants and interventionists log into remote study
sessions using a unique video conference link that reduces
opportunities for logging into another participant’s ses-
sion. Security settings are optimized for the video confer-
ence software to prevent breaches from non-study
participants. As an added layer of security, participants
and interventionists are provided with an ethernet cable
and are required to plug directly into their modem for all
treatment sessions both for optimal connectivity, and to
minimize potential hardware device hacking via non-
secure WIFI connection. Alternatively, interventionists
may connect to sessions from a secure university network
connection. Each participant has a personal login for the
Communication Bridge™ web application that provides ac-
cess only to their study resources. To further preserve
confidentiality, interventionists have a personal login that
allows them access to their participant data only.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
This is not applicable as there will be no biological
specimens collected.

Statistical methods
Statistical methods for primary and other outcomes {20a}
An intent-to-treat data analysis is planned. The primary
study outcomes are the Communication Confidence Rating
Scale for Aphasia (CCRSA), the Communication Participa-
tion Item Bank (CPIB), and Goal Attainment Scaling
(GAS). Intervention effect will be analyzed using a marginal
linear model of the follow-up measure (SAS PROC
MIXED) for means of CCRSA and CPIB or PROC GEN-
MOD for odds ratios of GAS and for binned outcomes (de-
crease, no change or increase) with the randomized group
as the primary independent variable and the baseline value
of that measure as a covariate [88]. This analysis of

covariance model will account for repeated measures and
heterogeneity of variance and adjusts for the baseline value
of the outcome. Subtype will also be included as a covariate.
This marginal linear model has randomized group, subtype,
time, and the group by time interaction as fixed effects. The
significance of the adjusted group difference at the follow-
up time of interest will be determined using p < 0.05 for
each outcome. Additional group comparisons will be done
for the absolute and percent change from baseline to each
follow-up time. A standardized area under the curve will
quantify the average percent change from baseline over the
entire follow-up period to better examine patterns of
change over time between the two groups. Within group
analyses will compare the mean change or percent change
using a one-sample t test from the marginal model.
Within-group effect size will be calculated as the mean
change divided by the standard deviation of the change.

Interim analyses {21b}
One interim analysis is planned, once half of the
participants (n = 45) have completed their 12-month
follow-up visits. O’Brien-Fleming boundaries in an alpha
spending function will be used for the interim analysis
[89]. An overall two-sided alpha level of 0.05 is assumed
for each outcome. For all measures, the interim and final
decision rules would be to declare a difference in the in-
terim analysis if p < 0.0058 and in the final analysis if p
< 0.0442. The administrative study team, the statistician,
the Data Safety and Monitoring Board (DSMB), and the
NIA Program Officer will have access to the interim
analysis results. After reviewing the results, the DSMB
will recommend continuing or terminating the study to
the NIA Program Officer (February 2022). There are no
pre-determined “stop” rules for the study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Baseline comparisons between arms will be done for
standardized evaluation measures specified in the
inclusion criteria. For outcomes, measures of outcome
success will be based on thresholds of change in outcome
over the follow-up period and will be determined separ-
ately for each outcome. Secondary analyses will determine
baseline factors that are related to the success of each out-
come. Further analyses will compare change over time
among trial outcomes, as well as other longitudinal cogni-
tive and language measures. Effect sizes for change over
time will be the metric used to compare different cognitive
and language measures. These analyses will determine the
rate at which different cognitive and language dimensions
are changing. In mediation analyses, potential mediating
measures that will be examined in relation to different
outcomes include level of depression, home exercise
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compliance, and communication partner engagement.
These analyses will identify intermediate factors affected
by the trial intervention that drive intervention-based
changes in outcomes.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Although dropout at the 12-month time point is ex-
pected to be under 10%, the primary statistical analysis
will also be conducted using inverse probability of cen-
soring weighting to account for bias that may be in-
curred by missing data due to dropout [90].

Plans to give access to the full protocol, participant level-
data and statistical code {31c}
The intervention protocol, anonymized summary data, and
any statistics software scripts/routines used to analyze data
will be available to the scientific community at large in
conjunction with publication of the final trial results. The trial
protocol will be made available through the Communication
Bridge™ collection on Northwestern University’s DigitalHub.
De-identified participant-level data and associated metadata
will be made available to the scientific community, following
an approved study collaboration request.

Composition of the coordinating center and trial steering
committee {5d}
Northwestern University is the coordinating center. The
coordinating center oversees the fiscal management of the
award, ethics approvals, subcontract awards, and other
financial and oversight responsibilities. The data
management team is comprised of the core administrative
study team including authors ER, EAS, and ACR and
statistician AWR. A Data Safety and Monitoring Board
(DSMB), described in {21a} monitors study safety, protocol
compliance, and achievement of study aims and endpoints.
A fidelity monitoring team led by author ACR oversees
treatment implementation and procedural fidelity.

Composition of the data monitoring committee, its role
and reporting structure {21a}
The DSMB is comprised of a statistician with clinical
trials expertise, a neuropsychologist with dementia
clinical trials expertise, and a communication disorders
scientist with expertise in participation-focused outcome
measures and communication-focused interventions.
The composition of the DSMB was approved by the
study funder (National Institutes on Aging, NIA) and is
responsible for monitoring clinical trial compliance and
data safety. The DSMB receives a written report and
meets with the administrative study team including au-
thors ER, EAS, ACR, and statistician AWR twice annu-
ally to review trial conduct and progress, fidelity data, a
summary reporting of adverse events, and summary

reporting of any interim trial issues or concerns. Be-
tween these meetings, the DSMB Chair and the Program
Officer receive adverse event reporting per NIA guide-
lines and are consulted on other trial conduct and major
trial modifications as required. The administrative study
team and statistician report to the DSMB (led by the
Chair), who reports to the NIA Program Officer oversee-
ing the grant. The approved DSMB charter is available
through Northwestern DigitalHub [91].

Adverse event reporting and harms {22}
Adverse events are defined and reported following the
NIA Adverse Events and Serious Adverse Events
Guidelines [92]. All events are recorded by the study
team member first notified of the event using a
study-specific reporting form. Within 24–48 h (de-
pending on NIA policy), adverse events are reviewed
by the administrative study team and the study team
member reporting the event. Other ad hoc members
are consulted as appropriate (i.e., social worker, study
neurologist, statistician). For each adverse event, an
action plan is developed and monitored by the ad-
ministrative study team. The tracking of adverse
events and follow-up actions are overseen by the pro-
ject manager and the PI. Adverse event reports are
entered into REDCap and paper copies are stored in
a study-specific Adverse Event binder, securely locked
in a filing cabinet in project manager office.

Frequency and plans for auditing trial conduct {23}
The CB2 trial employs a robust intervention fidelity
plan that is modeled on standards reported for web-
based behavioral trials by Eaton and colleagues (2011)
[93]. Interventionists and study personnel complete a
detailed protocol training prior to collecting data or
implementing interventions. Knowledge of the study
protocol is evaluated through demonstrating compe-
tency during simulated study activities (e.g., mock
GAS goal development, completing study documenta-
tion from training recordings). Interventionists must
demonstrate essential competencies in study docu-
mentation, participant assessment, GAS goal develop-
ment, and intervention deployment (e.g., mock
assessments, therapy sessions, and goal setting) before
seeing participants. Fidelity is assessed in an ongoing
manner, as data are collected.
For each interventionist, 100% of study sessions for their

first five participants, in each study arm (10 participants/
clinician), are subjected to offline fidelity assessment
(using audio and video recordings of sessions). An
additional randomly selected sample, made up of 25% of
study sessions in each study arm, is subjected to offline
fidelity assessments. Additional “spot-checks” are
performed as study documentation is entered, and as
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fidelity questions arise in the course of deploying the
study. Fidelity assessors are either non-treating SLPs or
trained research assistants. Assessors evaluate procedural
fidelity (i.e., evaluating whether each step of the imple-
mentation protocol is implemented correctly), documen-
tation fidelity (i.e., whether case report forms are complete
and correct), and theoretical fidelity (i.e., whether the ses-
sion implementation and interventionists’ feedback align
as intended with the assigned trial arm).
Standardized checklists and criteria are used by

assessors for each fidelity domain. Procedural and
documentation fidelity items are scored using a binary
rating of “1” (completed correctly) or “0” (incomplete or
not completed correctly) and are reported as the
proportion of required items performed correctly.
Theoretical fidelity is scored using a Likert scale
centered on “0” where aspects of the protocol (e.g.,
interventionists feedback, how responses were shaped)
are scored such that scores on the positive side of the
scale indicate procedures and feedback that are focused
on function and participation in life activities and scores
on the negative side of the scale indicate procedures and
feedback that are more directed toward modifying
underlying skilled behaviors or impairments, and ‘0’
scores indicating an even balance of impairment-focus
and participation-focus approaches in the session. The-
oretical fidelity is reported as a single summed score
across all the assessment items with the expectation that
experimental arm sessions will be polarized toward posi-
tive scores (e.g., more participation-focused) and that
control arm sessions will be polarized toward negative
scores (e.g., more impairment-focused). Our two-
pronged approach minimizes and monitors for potential
contamination between the experimental and control
arms [93]. This is critical given the risk for bias created
by the pragmatic need to have interventionists delivering
treatments in both trial arms.
The overall fidelity plan also involves regular team

meetings on topics such as general PPA education
and study-specific topics including strategies/ap-
proaches for addressing specific language/communica-
tion difficulties, strategies for developing GAS goals
with participants, strategies for intervention session
management, documentation, among other ad hoc
topics. Study protocol “tips” are distributed to the
team via email weekly and highlight key protocol ele-
ments to ensure ongoing compliance to intervention
implementation procedures. Session documentation
tracking forms, that include session start and end
times, are entered weekly and used to monitor dosing
compliance across participants and arms. Session dur-
ation compliance reports are distributed to the ad-
ministrative study team and interventionists weekly.
These reports flag the aggregate number of in- and

out-of-compliance sessions, by interventionist, and are
used to follow up weekly on potential threats to dos-
ing compliance within and between trial arms, and in-
terventionists. Two or more out-of-compliance
sessions within any reporting period, or two consecu-
tive weeks with an out-of-compliance session, will
trigger a meeting with the interventionist and the ad-
ministrative study team to discuss the source of the
dosing violations and strategies for meeting the tar-
geted dosing levels. Regular fidelity compliance meet-
ings with the full study team (following the DSMB
meeting schedule) are conducted in which fidelity as-
sessment data are reviewed with trial interventionists.
As part of these meetings, and also ad hoc when the
need arises, action plans to address fidelity concerns
are developed and implemented. These plans include,
but not exclusively, group retraining, targeted individ-
ualized re-training with a trial interventionist, or in-
creased monitoring efforts. In addition to a
comprehensive fidelity plan, our use of a detailed
study procedures manual [66], and our ongoing and
regular diligence to fidelity monitoring, supports the
overall rigor of the CB2 trial and allows the study
team to address potential concerns early.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
Unless required to address a participant emergency or
time-critical issue, all changes to the protocol will be
reviewed and approved by the Northwestern University
Institutional Review Board (IRB) prior to their imple-
mentation. Significant changes to the protocol, required
for day-to-day study operations, must be approved by
the administrative study team and statistician AWR.
Major changes to the protocol design ) requires approval
of the DSMB prior to implementing. Unless a modifica-
tion to the protocol is required in response to increased
participant risk, major protocol modifications are re-
ported to the DSMB at regularly scheduled meetings. If
the protocol change is in response to increased partici-
pant risk, or represents a substantial change in the study
conduct, the DSMB Chair and the funding Program Of-
ficer are contacted by the PI within the timelines set
forth by the funding body. The clinicaltrials.gov protocol
registration will be updated by the project manager
within 14 days (about 2 weeks) of major protocol
changes.

Dissemination plans {31a}
Investigators will report results in summary form, at the
end of the trial, on ClinicalTrials.gov. Study results will
be communicated primarily through scientific
presentations, lay-audience conferences, patient
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education websites, public media, and peer-reviewed
publications. Publication of peer-reviewed manuscripts
will be delayed until the trial is completed. However,
studies addressing non-trial direct research questions
using the baseline trial data may be published prior to
the study conclusion.

Discussion
PPA is a rare clinical neurodegenerative dementia
syndrome. Although awareness and research studies
focused on PPA have increased, the evidence-base for
non-pharmacologic treatment remains limited. Single
case studies are the predominant design in published
clinical trials of speech-language interventions, in part
because of enrollment challenges given limited access
to rigorously diagnosed cohorts of persons with PPA
and geographical restrictions imposed by in-person
trial designs. These single-case designs offer import-
ant and detailed insights into the types of interven-
tions and strategies that may be useful in PPA, [41–
43]. However, these study designs are unable to pro-
vide unequivocal evidence of efficacy which is neces-
sary for effectiveness trials and implementation. Our
telehealth service delivery model provides an essential
vehicle to advance PPA behavioral interventions. The
experimental arm utilizes a multi-component, dyadic
intervention in which both the person with PPA and
their co-enrolled communication partner are active
intervention recipients. The active control arm was
modeled off the psycholinguistic frameworks more
commonly seen in single-case study designs in the
existing literature. Namely, it is a non-dyadic inter-
vention in which the person with PPA is the active
intervention recipient and their communication part-
ner is in a supporting role with therapies addressing
word retrieval and language production. The primary
goal of the clinical trial is to determine if the experi-
mental arm is superior to the control arm. However,
a secondary and important by-product of the CB2
trial will be data from a robustly characterized cohort
of persons with PPA, collected under rigorous condi-
tions, that can be used to evaluate the efficacy of
speech-language interventions delivered in both trial
arms for persons with PPA. The impact of these data
should not be overlooked as they will yield important
insights examining why interventions work, which
strategies are optimal, and for whom. Collectively, the
information gained from the trial will fill critical gaps
necessary to advance effectiveness trials for speech-
language interventions in PPA.
Although the telehealth model facilitates the ability

to conduct the intervention, recruitment and
enrollment remain cumbersome. Clinician referrals
have been the most efficient and successful source of

participants, highlighting the importance of teamwork
in conducting clinical trials. We utilize several
recruitment strategies to raise awareness about the
study including digital marketing, direct outreach to
relevant clinicians, and presentations to targeted
audiences. Our most common barriers in screening
are incomplete or insufficient medical reports. The
COVID-19 pandemic did not require pausing enroll-
ment but slowed enrollment pace since non-urgent
medical care was limited thereby reducing referrals
from specialty clinics.
The study is not without limitations and potential

biases. To keep up with the enrollment pace, our trial
requires the use of more than one treating
interventionist, and both are required to provide
treatment in the control and experimental arms. This is
a potential source of bias if a clinician favors one
treatment over the other. We mitigate this bias by
providing a detailed manual of procedures [66], regular
team meetings, weekly protocol reminder emails, and
thorough fidelity assessments that closely monitor both
procedural and theoretical fidelity.
One of the primary tenets of the experimental

arm is the tailored nature of the intervention, which
is focused on addressing life participation goals of
the participants. To meet and assess this aim we
used GAS as a primary outcome, which requires
setting goals for each participant in both arms. As
described in the protocol, these goals are at the
center of the Experimental intervention but do not
guide intervention activities in the control arm.
GAS goal literature suggests that the practice of
setting goals is therapeutic in and of itself and
could potentially lead to unanticipated therapeutic
benefit in the control arm that will need to be
considered in the interpretation of the trial results
[94]. The COVID-19 pandemic brought unexpected
challenges in that it restricted opportunities for so-
cial and community engagement, which may dispro-
portionally impact the experimental arm given its
focus on communication confidence and participa-
tion in everyday activities.
While these considerations are important to consider,

we have designed the trial in a way to maximize rigor
and reproducibility in hopes of advancing behavioral
interventions for persons with PPA.

Trial status
The CB2 trial is currently operating under version 12.0
of the protocol (March 27, 2020). The first enrollment
was May 3, 2018. Recruitment will be completed by
December 2021. The final enrollment is scheduled for
February 2022 with all participants completing the study
by March 2023.
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