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Research Article

Treatment for Word Retrieval in Semantic
and Logopenic Variants of Primary
Progressive Aphasia: Immediate
and Long-Term Outcomes

Maya L. Henry,? H. Isabel Hubbard,”° Stephanie M. Grasso,? Heather R. Dial,?
Pélagie M. Beeson,® Bruce L. Miller,” and Maria Luisa Gorno-Tempini®

Purpose: Recent studies confirm the utility of speech-
language intervention in primary progressive aphasia
(PPA); however, long-term outcomes, ideal dosage
parameters, and relative benefits of intervention across
clinical variants warrant additional investigation. The
purpose of this study was to determine whether naming
treatment affords significant, lasting, and generalized
improvement for individuals with semantic and logopenic
PPA and whether dosage manipulations significantly affect
treatment outcomes.

Method: Eighteen individuals with PPA (9 semantic and

9 logopenic variant) underwent lexical retrieval treatment
designed to leverage spared cognitive—linguistic domains
and develop self-cueing strategies to promote naming.
One group (n = 10) underwent once-weekly treatment
sessions, and the other group (n = 8) received the same
treatment with 2 sessions per week and an additional
“booster” treatment phase at 3 months post-treatment.
Performance on trained and untrained targets/tasks was
measured immediately after treatment and at 3, 6, and
12 months post-treatment.

Results: Outcomes from the full cohort of individuals
with PPA showed significantly improved naming of trained
items immediately post-treatment and at all follow-up
assessments through 1 year. Generalized improvement
on untrained items was significant up to 6 months
post-treatment. The positive response to treatment was
comparable regardless of session frequency or inclusion
of a booster phase. Outcomes were comparable across
PPA subtypes, as was maintenance of gains over the
post-treatment period.

Conclusion: This study documents positive naming
treatment outcomes for a group of individuals with PPA,
demonstrating strong direct treatment effects, maintenance
of gains up to 1 year post-treatment, and generalization to
untrained items. Lexical retrieval treatment, in conjunction
with daily home practice, had a strong positive effect that
did not require more than 1 clinician-directed treatment
session per week. Findings confirm that strategic training
designed to capitalize on spared cognitive—linguistic
abilities results in significant and lasting improvement,
despite ongoing disease progression, in PPA.
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generative disorder in which speech and language

abilities deteriorate over time. A diagnosis of PPA
stipulates that communication deficits are the earliest and
most prominent features affecting activities of daily living;
however, additional cognitive and motoric impairments
emerge with disease progression (Gorno-Tempini et al.,
2011; Harciarek, Sitek, & Kertesz, 2014; Mesulam, 2001).
There are currently no pharmacological interventions that
serve to ameliorate or protect against declining function for
individuals with PPA (Tippett, Hillis, & Tsapkini, 2015).
Furthermore, individuals with PPA are less likely to be
referred to speech-language pathologists than individuals
with aphasia caused by stroke (Taylor, Kingma, Croot, &

P rimary progressive aphasia (PPA) is a neurode-
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Nickels, 2009). As is the case in Alzheimer’s and other
dementias, this is likely due to pessimism regarding the
efficacy of behavioral intervention in neurodegenerative
disease as well as a lack of understanding of the disorder
by referring and treating clinicians (Paul & Mehrhoft, 2015;
Swan et al., 2018). Nonetheless, a growing number of
studies confirm that speech-language treatment can sig-
nificantly improve communication function in PPA. The
literature, which comprises single-subject and small group
studies (for reviews, see Croot, Nickels, Laurence, &
Manning, 2009; Jokel, Graham, Rochon, & Leonard, 2014;
Kortte & Rogalski, 2013; Rising, 2014; Tippett et al., 2015),
documents significant improvement for trained behaviors,
with some studies showing generalized improvement for
untrained items, exemplars, and tasks (Beales, Cartwright,
Whitworth, & Panegyres, 2016; Beeson et al., 2011; Henry
et al., 2018; Henry, Meese, et al., 2013; Henry, Rising, et al.,
2013; Jokel & Anderson, 2012; Jokel et al., 2014; Jokel,
Rochon, & Anderson, 2010; Meyer, Tippett, & Friedman,
2018; Newhart et al., 2009). Limited information is available
regarding maintenance of gains after cessation of treatment,
with a few studies documenting maintenance for 6-8 months
post-treatment (Dressel et al., 2010; Henry, Meese, et al.,
2013; Henry, Rising, et al., 2013; Heredia, Sage, Lambon
Ralph, & Berthier, 2009; Jokel & Anderson, 2012; Jokel
et al., 2010; Snowden & Neary, 2002), two studies showing
stability of trained behaviors through 1 year post-treatment
(Henry et al., 2018; Henry, Meese, et al., 2013), and one study
documenting maintenance of items treated in a prophy-
lactic manner (in order to prevent decline) at 15 months
post-treatment (Meyer, Tippett, Turner, & Friedman, 2018).
To bolster the evidence base supporting behavioral
intervention in PPA, there is a need for additional group-
level studies that investigate not only treatment benefits
for targeted behaviors but also generalization of treatment
effects and maintenance of gains beyond the immediate
post-treatment period. In addition, issues related to dosage
parameters for intervention (e.g., frequency and duration
of treatment) have yet to be systematically addressed in
the PPA literature. As has been highlighted in the dementia
treatment literature (Bourgeois et al., 2003; Cherry, Hawley,
Jackson, & Boudreaux, 2009; Hopper, Drefs, Bayles,
Tomoeda, & Dinu, 2010), the traditional model of a single-
treatment phase may not be appropriate for individuals with
cognitive-linguistic deficits caused by neurodegenerative
disease, given the inevitable progression of symptoms. Fur-
thermore, given that treatment needs and response to treat-
ment may differ across PPA variants, studies comparing
response to treatment across clinical variants are warranted.

Clinical Variants of PPA

Consensus criteria developed by an international
panel of experts delineate three clinical variants of PPA:
nonfluent/agrammatic variant (nfvPPA), semantic variant
(svPPA), and logopenic variant (IvPPA). Each variant is
associated with a unique clinical presentation, distribu-
tion of underlying brain atrophy, and neuropathological

profile (Gorno-Tempini et al., 2004, 2011; Mesulam, 2001;
Spinelli et al., 2017). NfvPPA is characterized by agram-
matism and/or motor speech impairment, specifically apraxia
of speech and sometimes dysarthria (Caso et al., 2014;
Gorno-Tempini et al., 2004, 2011; Mesulam, Wieneke,
Thompson, Rogalski, & Weintraub, 2012; Ogar, Dronkers,
Brambati, Miller, & Gorno-Tempini, 2007; Rohrer, Rossor,
& Warren, 2010; Turner, Kenyon, Trojanowski, Gonatas,
& Grossman, 1996). Additional cognitive features may in-
clude mild impairments of executive function and, in some
patients, episodic memory (Bettcher & Sturm, 2014; Libon
et al., 2007; Rohrer, Rossor, et al., 2010), with relative
sparing of semantic memory. Brain atrophy is most apparent
in left frontoinsular regions and the supplementary motor
area (Gorno-Tempini et al., 2011; Mandelli et al., 2016;
Wilson, Dronkers, et al., 2010). The syndrome is part of
the frontotemporal dementia spectrum of disorders and is
most frequently associated with tau pathology at autopsy
(Spinelli et al., 2017).

The semantic variant is characterized by marked
word-finding deficits, single-word comprehension impair-
ment, and loss of object knowledge, reflecting a gradual
deterioration of semantic knowledge (Gorno-Tempini et al.,
2011; Hodges & Patterson, 2007; Kertesz, Jesso, Harciarek,
Blair, & McMonagle, 2010). Individuals with svPPA present
with well-articulated, fluent speech (Hodges & Patterson,
2007; Wilson, Henry, et al., 2010) and often have relatively
spared nonverbal episodic and working memory, particu-
larly in earlier stages of disease (Eikelboom et al., 2018;
Graham, Simons, Pratt, Patterson, & Hodges, 2000; Kramer
et al., 2003; Pengas et al., 2010; Simons, Graham, Galton,
Patterson, & Hodges, 2001). SVPPA is associated with bilat-
eral anterior temporal lobe atrophy, which is more promi-
nent in the left hemisphere (Gorno-Tempini et al., 2011;
Hodges & Patterson, 2007). As with nfvPPA, the syndrome
is part of the frontotemporal dementia spectrum, most
commonly associated with TDP-43 proteinopathy at autopsy
(Spinelli et al., 2017).

IvPPA is characterized by word-finding difficulties,
speech sound errors without frank distortions (i.e., phone-
mic paraphasias), impaired repetition of phrases and
sentences, and intact single-word comprehension, a presen-
tation that is consistent with an underlying phonological
impairment (Gorno-Tempini et al., 2008; Henry & Gorno-
Tempini, 2010; Henry et al., 2016; Rohrer, Ridgway, et al.,
2010). In contrast to nfvPPA and svPPA, respectively,
individuals with IvPPA have relatively spared motor speech
and semantic processing (Gorno-Tempini et al., 2008;
Henry & Gorno-Tempini, 2010). Neuropsychological test-
ing in IVPPA has revealed impairments of executive func-
tion, visuospatial skills, and episodic as well as working
memory (Butts et al., 2015; Eikelboom et al., 2018). Of note,
verbal recognition memory has shown relative sparing
when compared to recall, the latter of which is correlated
with lexical retrieval ability (Win et al., 2017). This pat-
tern suggests a relationship between anomia and verbal
memory deficits in IvPPA. Cortical atrophy in IvPPA is
prominent in left temporoparietal regions, and Alzheimer’s
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disease is the most common underlying pathology (Gorno-
Tempini et al., 2011; Henry & Gorno-Tempini, 2010;
Rohrer et al., 2013; Spinelli et al., 2017).

Lexical Retrieval Impairment in PPA

As with stroke-induced aphasia, naming difficulty is
a pervasive feature in PPA (Grossman & Ash, 2004; Henry,
Rising, et al., 2013; Mesulam, 2001; Westbury & Bub,
1997); however, lexical retrieval deficits are considered core
features in svPPA and IvPPA only. Naming impairment
in svPPA results from a gradual loss of conceptual knowl-
edge. Anomia is an early and prominent feature, with single-
word comprehension deficits and loss of object knowledge
emerging with progression (Hodges & Patterson, 2007).
Spontaneous speech in svPPA may contain semantic para-
phasias, often with substitution of a more common word
for the target (e.g., horse for zebra), and there is a strong
frequency/familiarity effect (Bird, Lambon Ralph, Patterson,
& Hodges, 2000; Hodges & Patterson, 2007).

In contrast, naming impairment in IvVPPA is associ-
ated with poor phonological selection, retention, and assem-
bly, resulting in frequent pauses during connected speech
and phonological paraphasias (Gorno-Tempini et al., 2011;
Henry & Gorno-Tempini, 2010; Rohrer, Ridgway, et al.,
2010; Wilson, Henry, et al., 2010). In contrast to Alzheimer’s
dementia, which has a shared pathological substrate with
IVPPA (Lehmann et al., 2013; Leyton et al., 2011; Rabinovici
et al., 2008; Santos-Santos et al., 2018), the naming impair-
ment in IvVPPA is more severe (Leyton, Hodges, Piguet, &
Ballard, 2017; Whitwell et al., 2015). Although Alzheimer’s
dementia also presents with anomia as a frequent and early
sign, error profiles indicate potential differences in underlying
cognitive-linguistic factors (phonological and superordinate
errors are more common in IvPPA, and circumlocutions are
more common in Alzheimer’s dementia; Leyton et al., 2017).
Thus, although there are shared features between Alzheimer’s
dementia and IvPPA, IvPPA presents with a distinct behav-
ioral profile.

Treatment for Lexical Retrieval
in svPPA and lvPPA

Given the prominence of naming impairment in two
of the three clinical subtypes of PPA, it is not surprising
that the bulk of PPA treatment research to date has focused
on improving word retrieval (for reviews, see Carthery-
Goulart et al., 2013; Rising, 2014; Tippett et al., 2015).
Much of the literature has addressed lexical retrieval dif-
ficulties in svPPA, whereas fewer studies have imple-
mented lexical retrieval training for IvPPA.

Most treatment approaches for svPPA have trained
picture and word form pairs, seeking to strengthen seman-
tic and phonological or orthographic representations
(Graham, Patterson, Pratt, & Hodges, 1999, 2001; Heredia
et al., 2009; Jokel, Rochon, & Leonard, 2006; Mayberry,
Sage, Ehsan, & Lambon Ralph, 2011; Meyer, Tippett, &
Friedman, 2018; Savage, Ballard, Piguet, & Hodges, 2013;

Savage, Piguet, & Hodges, 2015; Snowden & Neary, 2002).
Whereas these treatments typically resulted in improved
naming for trained items, the gains often did not generalize
to untrained items. Therefore, benefits of most interven-
tions were found to be item and context specific, with lim-
ited maintenance post-treatment. Other studies implemented
more elaborate training hierarchies to encourage the use
of residual semantic, phonological, orthographic, and, in
some cases, episodic/autobiographical information to promote
word retrieval (Dressel et al., 2010; Henry, Rising, et al., 2013;
Jokel & Anderson, 2012; Jokel et al., 2010; Newhart et al.,
2009). These approaches have the potential to facilitate
relearning of target vocabulary and promote generalized
improvement in naming by engaging spared cognitive—
linguistic systems and compensatory mechanisms. Consistent
with this premise, several of these studies (all single-subject
designs) documented improved naming of both trained
and untrained items or tasks (Henry, Rising, et al., 2013;
Jokel & Anderson, 2012; Jokel et al., 2010) as well as main-
tenance of gains for treated items at follow-up assessments
at 2 months (Dressel et al., 2010), 3 months (Jokel et al., 2010),
and 4 months post-treatment (Henry, Rising, et al., 2013).
Lexical retrieval treatment studies in IvPPA, although
more limited in number, have yielded promising results
(Beales et al., 2016; Beeson et al., 2011; Croot et al., 2015;
Henry, Rising, et al., 2013; M. Kim, 2017; Meyer, Getz,
Brennan, Hu, & Friedman, 2016; Meyer, Snider, Eckmann,
& Friedman, 2015; Meyer, Tippett, & Friedman, 2018;
Newhart et al., 2009). Methods for promoting word retrieval
in IvVPPA, like svPPA, have included semantic, phonologi-
cal, and/or orthographic cueing and stimulation, with sig-
nificant gains for trained items and several studies reporting
generalization to untrained items (Beales et al., 2016; Beeson
et al., 2011; Henry, Rising, et al., 2013; Newhart et al., 2009).
Two studies (Henry, Rising, et al., 2013; Newhart et al.,
2009) examined response to a naming intervention in both
svPPA and IvPPA, allowing comparison of outcomes across
clinical variants. Findings from these studies were compa-
rable, documenting improvement on trained and untrained
items and maintenance of gains 4-6 months following treat-
ment for participants with both IvPPA and svPPA.

Dosage Parameters in' PPA Treatment

The effects of treatment dosage manipulations are
currently a topic of interest in rehabilitation of individuals
with chronic aphasia due to stroke (Baker, 2012; Cherney,
2012; Kleim & Jones, 2008; Warren, Fey, & Yoder, 2007).
Dosage parameters, such as treatment frequency and

By “dosage parameters,” we refer to multiple parameters that
contribute to overall treatment intensity, as discussed by Cherney
(2012) and Warren et al. (2007). Dosage parameters include factors
such as dose (number of teaching episodes per session), dose form,
session duration and frequency, total number of sessions, total
intervention duration, and cumulative intervention intensity. In this
study, session frequency, total number of sessions, and cumulative
intervention duration were specific parameters of interest.

Henry et al.: Naming Treatment in PPA 2725



intervention duration, can have significant effects on behav-
ioral outcomes (for a review, see Warren et al., 2007).
Recent findings suggest that dosage parameters, includ-
ing session frequency, number of teaching episodes per
session, and total duration of intervention, are important
factors in treatment outcomes (Basso & Caporali, 2001;
Dignam et al., 2015; Harnish et al., 2014; Hinckley & Craig,
1998; Lee, Kaye, & Cherney, 2009; Off, Griffin, Spencer, &
Rogers, 2016; Pulvermiiller et al., 2001; Purdy & Wallace,
2016). To date, treatment dosage parameters have been
variable across studies, and there are no formal guidelines
for optimal dosage for specific aphasia treatments and asso-
ciated home practice regimens (Cherney, 2012). Questions
regarding treatment dosage parameters are equally or
perhaps more important in individuals with progressive
aphasia. Given that PPA continues to erode the language
abilities of patients over time, dosage considerations may
be of critical importance, and the single treatment phase
that is typical in management of stroke-induced aphasia
may be inappropriate. In svPPA, revisiting treated items
after an initial period of treatment has proven beneficial
for longer term retention of gains (Graham et al., 2001;
Savage et al., 2013), and additional “booster” doses of
treatment have shown potential for enhancing long-term
treatment outcomes in dementia patients who have undergone
spaced retrieval training (Cherry et al., 2009; Hopper et al.,
2013). However, variations in treatment delivery paradigms
that may enhance long-term outcomes, including increased
intensity and prolonged or phased intervention over the
course of the disease, remain underexplored in PPA.

Current Study

In the current study, we examined the potential bene-
fit of a lexical retrieval treatment designed to capitalize
on spared cognitive-linguistic domains and to develop self-
cueing strategies in both svPPA and IvPPA. Given the lim-
ited evidence addressing generalization and maintenance
of treatment effects in PPA, we assessed performance on
trained and untrained items as well as standardized tests
before and immediately following treatment as well as at
3, 6, and 12 months post-treatment. We also sought to in-
vestigate the effect of treatment session frequency and mul-
tiple phases of treatment by comparing performance across
two studies with different dosage paradigms: An initial
study was designed to examine the feasibility and utility
of the intervention approach in IvPPA and svPPA. In this
first study, individuals received once-weekly intervention
in a single-treatment phase. In a follow-up study, designed
to investigate an optimized dosage protocol, participants
received two treatment sessions per week, with a stricter
criterion for advancement, and a “booster” phase of treat-
ment after 3 months. Lastly, we aimed to determine
whether treatment was equally efficacious across clinical
variants by comparing treatment effects in IvPPA versus
svPPA. Based on findings from our previous study (Henry,
Rising, et al., 2013), we expected that treatment would
result in improved naming performance for trained items

in both IvPPA and svPPA. Our previous work indicates
that maintenance of gains following this intervention is
possible up to 6 months post-treatment (Beeson et al., 2011;
Henry, Rising, et al., 2013), and with the option to con-
tinue home practice after the end of formal intervention,
we predicted maintenance of gains up to 1 year post-treatment
(as observed in nfvPPA; Henry et al., 2018). In addition,
we predicted that increasing the number of sessions per
week would enhance performance at post-treatment and
that providing an additional “booster” phase of treatment
following cessation of intervention would lead to better
maintenance of gains at follow-up evaluations.

Method
Participant Characteristics

Participants were recruited via the University of
California, San Francisco (UCSF) Memory and Aging
Center’s ongoing frontotemporal dementia research pro-
jects. Eighteen individuals with PPA (nine with svPPA
and nine with IvPPA) were included in the study (see
Table 1 for demographic information). All individuals
were White/Caucasian. The data from one individual with
IvPPA (Iv6) were reported in a previous study through
the 6-month follow-up (Henry, Rising, et al., 2013). All
participants gave written informed consent, and study
procedures were approved by the UCSF Committee on
Human Research. Only individuals who met current diag-
nostic criteria for svPPA or IVPPA were included in the
study (Gorno-Tempini et al., 2011). Following current cri-
teria for PPA (Mesulam, 2001), individuals were excluded
if other psychiatric, neurological, or medical diagnoses
could account for their symptoms or in cases of prominent,
initial nonlanguage cognitive, perceptual, or behavioral
disturbance. Participants underwent neurological and neuro-
psychological assessment (Gorno-Tempini et al., 2004; Kramer
et al., 2003) as well as magnetic resonance imaging. Diag-
nosis of clinical variant was reached via consensus by a
multidisciplinary team comprising neurologists, neuropsy-
chologists, speech-language pathologists, and nurses. To
be considered eligible for participation in this study, indi-
viduals were required to obtain a minimum score of 15 on
the Mini-Mental State Examination (MMSE; Folstein,
Folstein, & McHugh, 1975). Additional eligibility criteria
included adequate hearing abilities to allow for accurate
perception of speech (in person or via computer). When
possible, an audiometric hearing screening was conducted.
For participants who were seen for remote assessment and
treatment, audiologic exam reports and an in-house mini-
mal pairs discrimination task (Henry et al., 2016; perfor-
mance criterion of 90% correct) were used. If hearing loss
could not be accommodated using a personal amplification
device or by increasing loudness via headphones (if seen
via teleconference), a participant was excluded. Uncorrected
visual acuity impairment that affected accurate perception
of picture stimuli was also an exclusionary criterion. Lastly,
individuals had to be primary speakers of English (two
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Table 1. Demographic characteristics and pre-treatment performance (means and standard deviations) on cognitive and
linguistic assessments.

All PPA svPPA IVPPA
Demographic characteristic/assessment n=18 n=9 n=9
Sex (male/female) 711 4/5 3/6
Age 65.28 (8.32) 67.33 (8.72) 63.22 (7.84)
Education (years) 17.67 (2.74) 18.44 (1.94) 16.89 (3.30)
Reported time postonset of symptoms (years) 4.63 (2.75) 4.39 (2.62) 4.86 (3.02)

Handedness (right/left/ambi) 12/4/2 711 5/3/1

Mini-Mental State Examination (30) 23.67 (4.30) 25.78 (2.22) 21.56 (4.93)
CVLT Total (36) 17.22 (7.64) 17.78 (7.40) 16.67 (8.28)
CVLT 10-min Recall (9)* 3.17 (2.36) 2.56 (2.13) 3.78 (2.54)
Complex Figure Copy (17)2 14.39 (3.76) 15.22 (1.30) 13.56 (5.17)
Complex Figure Recall (17)? 8.22 (3.34) 9.56 (3.28) 6.89 (2.98)
Complex Figure Recognition (1)? 0.94 (0.24) 1(0) 0.89 (0.33)
Calculations (5)*° 3.67 (1.24) 4.44 (0.73) 2.89 (1.17)
Digit Span Forward®®° 5.33 (1.53) 6.44 (0.88) 4.22 (1.20)
Digits Span Backward®® 3.76 (1.39) 4.55 (1.42) 2.88 (0.64)
PPVT Short (16)*° 11.33 (4.98) 8.78 (5.78) 13.90 (2.15)
Phonemic Fluency (Letters) 6.78 (2.76) 8 (3.12) 5.56 (1.74)
Category Fluency (Animals) 7.11 (3.79) 7.22 (4.18) 7 (3.61)
Western Aphasia Battery AQ (100) 81.36 (9.55) 84.84 (8.85) 77.88 (9.38)
Motor Speech Eval: AOS (0-7) 0.17 (0.71) 0(0) 0.33 (1)
Motor Speech Eval: Dysarthria (0-7) 0(0) 0 (0) 0(0
Pyramids and Palm Trees Test (52) 47.79 (6.00) 45.33 (7.60) 50.25 (2.25)
Boston Naming Test (%) 41.07 (25.66) 28.25 (21.12) 53.89 (21.20)
UCSF Syntax Comprehension Test (%)° 93.37 (7.38) 97.32 (2.64) 89.43 (8.58)
Arizona Phonological Battery (%) 58.32 (23.98) 67.36 (23.71) 46.28 (20.09)

Note. PPA = primary progressive aphasia; svPPA = semantic variant primary progressive aphasia; IVPPA = logopenic
variant primary progressive aphasia; ambi = ambidextrous; CVLT = California Verbal Learning Test; PPVT = Peabody
Picture Vocabulary Test; AQ = Aphasia Quotient; Motor Speech Eval = Motor Speech Evaluation (Wertz et al., 1984;
0 = no impairment, 7 = profound impairment); AOS = apraxia of speech; Pyramids and Palm Trees Test (Howard & Patterson,
1992); University of California, San Francisco (UCSF) Syntax Comprehension Test (Wilson, Dronkers, et al., 2010); Arizona
Phonological Battery (Beeson et al., 2010).

Indicates assessments from neuropsychological battery described in Kramer et al. (2003), Knopman et al. (2008), and
Staffaroni et al. (2019). PSignificant differences (p < 0.05) between the diagnostic groups following independent-
samples permutation tests.

individuals were bilingual, but English was their dominant
language). In order to include individuals who were geo-
graphically remote from or unable to travel to the research
site, testing and treatment sessions were adapted to be con-
ducted online, via HIPAA-compliant videoconferencing
software (Fuze or Adobe Connect). Six participants (three
svPPA and three IvPPA) completed treatment via telecon-
ference (see Appendix A).

Pre-treatment evaluations comprised cognitive and
linguistic assessments (see Table 1). The svPPA group
demonstrated poor confrontation naming and impaired
single-word comprehension, with spared repetition, motor
speech, and grammar. Those diagnosed with IvPPA dem-
onstrated impaired naming in spontaneous speech and con-
frontation naming, production of phonemic paraphasias,
and impaired phonological working memory (digit span
and repetition). Motor speech, grammatical abilities, single-
word comprehension, and object knowledge were relatively
spared. Independent-samples permutation tests were used
to compare baseline performance across clinical groups.
These tests revealed that participants with svPPA performed
better on calculations, forward and backward digit span,

and syntax comprehension relative to those with a diag-
nosis of IvPPA. The IvPPA group performed significantly
better on single-word comprehension than the group with
svPPA.

Neuroimaging

Structural magnetic resonance images were collected
at pre-treatment for 17 participants (nine svPPA and
eight IVPPA). Voxel-based morphometry (see Henry
et al., 2016, for methodological details) was used to deter-
mine regions of significant atrophy in each group relative
to 30 age-matched healthy controls (see Figure 1). This
analysis revealed atrophy patterns consistent with those re-
ported in the literature for each diagnostic group (Gorno-
Tempini et al., 2004, 2011; Mesulam et al., 2012; Rohrer,
Rossor, & Warren, 2012; Teichmann et al., 2013). Spe-
cifically, prominent anterior temporal lobe atrophy (left
hemisphere greater than right) was revealed in the svPPA
group. By contrast, the IVPPA group demonstrated significant
atrophy in the left temporoparietal cortex, with extension
into the anterior and inferior temporal lobe.

Henry et al.: Naming Treatment in PPA 2727



Figure 1. Voxel-based morphometry analysis comparing gray and white matter volumes in nine participants with semantic
primary progressive aphasia (A) and eight participants with logopenic primary progressive aphasia (B) relative to 30 healthy
controls (p < 0.001, uncorrected; covariates include age, sex, and total intracranial volume) Color bars represent t values.

Treatment Procedures

The lexical retrieval training approach was consistent
across all participants in the study, but two different training
schedules were utilized in order to investigate the effect of dos-
age modifications on treatment outcomes. The treatment ap-
proach will be outlined first, followed by a description of each
dosage condition. The intervention, initially developed at the
University of Arizona (Lexical Retrieval Cascade Treatment
—here, shortened to Lexical Retrieval Treatment, or LRT),
utilized a hierarchy of tasks designed to encourage strategic
recruitment of spared semantic, orthographic, and phonologi-
cal knowledge as well as episodic/autobiographical information
in order to facilitate word retrieval via self-cueing (Henry,
Rising, et al., 2013; see Table 2). The training hierarchy incor-
porates elements of semantic feature analysis (Boyle, 2004;
Boyle & Coelho, 1995; Coelho, McHugh, & Boyle, 2000)
as well as phonemic/orthographic cueing techniques (Best,
Herbert, Hickin, Osborne, & Howard, 2010; Best, Howard,
Bruce, & Gatehouse, 2008; Bruce & Howard, 1987) and other
elements of traditional cueing hierarchies utilized in stroke
aphasia (Maher & Raymer, 2004; Nickels & Best, 1996). Dur-
ing a treatment session, each of five items in the current set
was addressed, in turn, using the following hierarchy of steps,
and completion of one iteration of the hierarchy for a single
item was considered a single naming trial (see Table 2).

For each item currently in training, a picture of the
target was presented for spoken naming, and the participant
was guided through generation of semantic/episodic,
orthographic, and phonological information, with model-
ing from the clinician, as needed. Initially, a semantic
feature chart was used to introduce the idea of semantic

circumlocution, and use of the diagram was gradually
faded out as participants became more adept at providing
conceptual information for targets. Individuals were
instructed to provide typical semantic features in response
to standard questions, (e.g., Where do you find it? What

is it used for? What is it made of?) but were also encouraged
to provide any relevant episodic or autobiographical infor-
mation that might aid in retrieval of the target (e.g., “I put
this in my smoothie every morning”). Following semantic
feature analysis, retrieval of residual orthographic (whole
word if possible; if not, first letter) and phonological
(initial sound) information was requested. If the individ-
ual was unable to generate any orthographic or phonologi-
cal information, the first letter of the target item was
provided, and the participant was asked to generate the
associated sound. When necessary, the clinician provided
a model of the initial phoneme. If the individual was still
unable to retrieve the target word, then a written model
of the word was provided for oral reading. If the partici-
pant was unable to read the target word aloud, then a
spoken model was provided. Following these steps, the
spoken and written words were produced three times to
prompt multimodal rehearsal of the target. Five (yes/no)
semantic plausibility judgment questions were then posed
(e.g., “Do you keep this in a refrigerator?”). The questions
were intended to provide additional semantic stimulation
and to create a delay before the individual was prompted
to name the item again. Finally, two salient semantic features
were elicited, and the spoken and written names of the
target were recalled. If the individual was able to name the
target at any step in the hierarchy of tasks, they continued with
the remaining steps (excluding semantic judgment questions).
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Table 2. Lexical retrieval training hierarchy (“Lexical Retrieval Cascade Treatment”; Henry, Rising, et al., 2013).

Treatment step

Procedure

Clinician instructions

1. Semantic self-cue

information

2. Orthographic self-cue
(or the first letter)

3. Phonemic self-cue

4. Oral reading

Picture presented; clinician prompts semantic
description and/or episodic/autobiographical

Clinician prompts written form of the word

Clinician prompts initial phoneme

If the item is not yet named, clinician provides

What can you tell me about it? (Where do you
find it? What is it used for? What is it
made of?)

Can you write the word?
Can you write the first letter?

What sound does that letter make?
What is the first sound of the word?
Here is the word. Can you read it?

written word form and participant reads aloud

5. Written and spoken repetition

6. Semantic plausibility judgment

7. Recall
writes and says the word

Participant writes and says the word three times

Clinician asks five semantic plausibility questions

Participant provides two semantic features and

Now write and say the word (three times).

E.g., Is it spicy?
Do you buy it at the farmer’s market?

Now tell me two important things about this
item. What is this called? Can you write it?

For daily homework, participants were provided ad-
ditional opportunities for spoken and written rehearsal of tar-
get lexical items using Copy and Recall Treatment (CART;
Beeson & Egnor, 2006). The copy and recall task was struc-
tured so that participants viewed a picture of the target and
its associated written form. They were instructed to copy the
written word and generate the spoken word aloud 10 times.
The final step involved recall of the spoken and written
words from memory. Homework was typically completed
in 15 minutes or less. To assure understanding, the clinician
observed the participant completing one page of CART home-
work before the first homework set was assigned. In subse-
quent sessions, written homework pages were reviewed for
accuracy of completion. Each individual was provided with a
homework log to document completion of CART homework.

Dosage Paradigms

Details of the two dosage paradigms are outlined
in Table 3. Ten individuals (five svPPA, five IvPPA) were
enrolled for naming treatment that was implemented dur-
ing once-a-week treatment sessions with the clinician (here-
after referred to as Lexical Retrieval Training 1 [LRT1]).
The treatment protocol was directed toward naming of
20 of 25 items that were quasirandomly assigned to five
sets of five items (four trained sets and one untrained set).
Participants met with the clinician once weekly for a
1 hour session (live or via videoconferencing), and all sets
were probed at the beginning of each session. Each set
was trained until an 80% (four of five) criterion was met,
with a maximum of two sessions per set. Total intervention
duration lasted between four and eight sessions (weeks), and
treatment was completed, on average, in 4-5 weeks (M = 4.7).

A similar treatment protocol was implemented with
eight other individuals (four svPPA, four IvPPA). The
clinician-directed treatment sessions (1 hr each) were
scheduled twice per week, rather than once; as such, the
protocol is referred to as LRT2. Because previously collected
data using the LRT1 protocol (e.g., Henry, Rising, et al.,

2013) confirmed that participants with both IvPPA and
svPPA could consistently reach criterion performance for
20 items with one treatment session per week, we doubled
the number of treatment items for LRT2 (40 items in the
training set and 10 matched, untrained items), with the pre-
diction that twice the number of items would be attainable
with the increase in treatment frequency. Items were qua-
sirandomly assigned to 10 sets of five items (eight trained
and two untrained sets). Half of all trained and untrained
items, including the current set in training, were probed at
each session. Each set was trained until a 100% criterion
was met, with a maximum of two sessions per set. Treatment
duration was between 4 and 8 weeks (or 8—16 sessions),
and the average number of sessions was between 11 and
12 sessions (M = 11.4) over an average of 5.6 weeks. There-
fore, the total duration of the first phase of the two dosing
paradigms (LRT1 and LRT2) was similar. Homework re-
quirements were also identical across protocols.

In addition, the group who received the LRT2 proto-
col completed a second phase of treatment following the
3-month follow-up visit. During this “booster” phase, the
original set of trained target items was reviewed using
the same training hierarchy, with one set trained per ses-
sion (two sessions per week, for a total of eight additional
1-hr training sessions for the original treatment items)
and daily CART homework.

One clinician implemented all LRT1 treatment (M. H.),
and another clinician implemented all LRT2 treatment
(H. H.). Independent-samples permutation tests comparing
those who received the LRT1 training schedule to those
who received the LRT2 training schedule revealed no pre-
treatment differences in age, education, Boston Naming
Test score (BNT; Kaplan, Goodglass, & Weintraub, 2001),
or MMSE score (p > 0.05).

Treatment Target Selection

The goal of treatment was to train words that were
functionally and personally relevant to each participant
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Table 3. Dosage and other treatment parameters for participants who received less intensive training and no booster phase (LRT1 protocol) and those who received more intensive

training and a booster phase (LRT2 protocol).

Average total

hours of
Criterion for Phase 1 intervention
Dose (teaching advancement Session intervention Booster (varied by
Treatment episodes per Dose to new set duration/ duration (varied phase participant;
Protocol targets session) form of items frequency Homework by participant) (Phase 2) Phase 1 + 2)
LRT1 4 sets of Approximately one Lexical 80% correct One 1-hr CART: approximately M = 4.7 sessions/ None Phase 1: M = 4.7 hr +
(n=10) 5 words = 20 trial® per word retrieval on current session 15 min per day = weeks 8.2 hr homework
per session cascade set per week 1.75 hr/week Phase 2: N/A
(5 words total)
LRT2 8 sets of Approximately one Lexical 100% correct Two 1-hr CART: Approximately M = 11.4 sessions At 3 months Phase 1: M =11.4 hr
n=29) 5 words = 40 trial per word retrieval on current sessions 15 min per day = over 5.6 weeks post-treatment: of treatment +
per session cascade set per week 1.75 hr/week 2 hr/week for 9.8 hr homework
(5 words total) 4 weeks = 8 hr Phase 2: M =8 hr
of treatment + 7 hr
homework
Note. LRT = Lexical Retrieval Training; CART = Copy and Recall Treatment; N/A = not applicable.

#Note that one trial involves completion of the full hierarchy described in Table 2, which provides multiple opportunities to produce/rehearse the target word form.




while affording practice with word-finding strategies that
are broadly beneficial. Initially, participants were asked

to generate a set of items of functional importance that
were consistently difficult to name, and photographs of
those items were collected. When possible, pictures of pa-
tients’ own personal objects were used rather than generic
exemplars. If the individual was unable to generate a
sufficient number of items for treatment, the set was supple-
mented by the clinician. Spoken naming performance was
probed over three testing sessions before treatment began. If
the person was unable to name a picture on at least two of
three occasions, the item was eligible for training. Potential
treatment targets were quasirandomized into to-be-trained
and untrained sets of items. When possible, items that were
orthographically/phonologically similar or semantically re-
lated (e.g., from same superordinate category) were not placed
in the same set. Sets were balanced for word length (number
of syllables and number of letters), frequency, familiarity,
and imageability. Psycholinguistic parameters were obtained
from the Medical Research Council Psycholinguistic
Database (Coltheart, 1981; Wilson, 1988) and the Corpus
of Contemporary American English (Davies, 2009).

Self-Assessment of Change Following Treatment

A 20-item post-treatment survey (similar to that used
in Henry, Rising, et al., 2013) was administered to
LRT2 participants in order to assess individuals’ perceptions
regarding their communication status at post-treatment
relative to pre-treatment. They rated perceived change
relative to pre-treatment status on a Likert-type scale, with
responses ranging from “a lot worse” to “a lot better.”
Questions addressed a number of parameters, including
ability to name trained items, ability to detect and correct
naming errors in conversation, and perceived stress level
during conversation. Individuals enrolled in the study were
of mild-moderate impairment, and the survey questions
were designed to be easily comprehended by persons with
aphasia. When administering the survey, the first question
was administered as an example, and options for respond-
ing were explained. After that example, the clinician left
the room/exited the online meeting, and the participant
was instructed to fill out the remaining questions indepen-
dently. Individuals were told that the clinician would go
over any challenging questions at the end of the survey.
In general, this was not required.

Follow-Up Assessments

In addition to pre- and post-treatment assessments,
follow-up testing was conducted at 3, 6, and 12 months
post-treatment when possible. All 18 participants completed
pre-treatment and post-treatment evaluations, and the ma-
jority completed 3-month (z = 16), 6-month (n = 16), and
12-month (n = 17) follow-up evaluations. Two individuals
from the LRT1 group could not be tested at 3 months post-
treatment, as one participant passed away and one was un-
available. The latter was able to complete additional testing

at 6 and 12 months post-treatment. One person in the LRT2
cohort was unavailable for 6-month follow-up testing.
After formal treatment ended, participants were allowed
to keep their training materials. Ongoing practice with
trained items was encouraged, and those in the LRT2
group were asked to track their practice via a written log,
which was collected at each follow-up assessment.

Outcome Measures and Statistical Analysis

Primary outcome measures for statistical analysis
at the group level were naming of trained and untrained
targets, which was assessed via probes collected during
baseline, treatment, and follow-up phases for each individ-
ual. Secondary outcome measures included the Western
Aphasia Battery (WAB; LRT1 group; Kertesz, 1982) or
the WAB-Revised (LRT2 group; Kertesz, 2006) to exam-
ine stability of general language abilities and the BNT
(Kaplan et al., 2001) to examine overall spoken naming
ability. The full BNT was administered at pre- and post-
treatment, and equivalent short (15-item or 30-item) ver-
sions were administered at follow-up testing sessions, with
overlapping subsets of items used for statistical compari-
sons. There was no overlap between trained or untrained
items from the treatment protocol and BNT items.

The distributions of variables did not meet the assump-
tion of normality, so nonparametric permutation tests were
conducted with the exactRankTests package (Hothorn &
Hornik, 2006) in R (Version 3.3.1, 2016) using a com-
plete enumeration of all possible permutations. 7" values
are reported as well as exact significance levels determined
by permutation. Bonferroni correction was used to control
for familywise error. Each variable was considered a family
of tests for comparisons to pre-treatment performance and a
separate family of tests for comparisons to post-treatment
performance, and correction was applied across time points
within each variable of interest.

In order to evaluate direct treatment effects at the group
level, pre-treatment performance (average of three probes im-
mediately prior to treatment) was compared to post-treatment
(average of two probes immediately after training on all sets
was completed) and all follow-up time points (one probe
obtained at each assessment) using paired-samples permutation
tests. One-tailed tests were used to examine naming of trained
sets at post-treatment and all follow-up assessments (3, 6,
and 12 months post-treatment) relative to pre-treatment, as
we predicted significant and lasting improvement for these
items. Two-tailed tests were used to compare pre- to post-
treatment performance for untrained sets and other secondary
outcome measures (BNT score and WAB Aphasia Quotient
[AQ]), as generalization was less predictable. In addition,
maintenance of treatment effects was examined by comparing
post-treatment performance to each follow-up assessment
using two-tailed paired-samples permutation tests in order
to determine stability of treatment effects over time. These
analyses were initially conducted for the entire treated group
(including both diagnostic subtypes and individuals receiving
both dosage paradigms). Additionally, to evaluate changes in
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cognitive status over the course of the study, we compared
MMSE scores at 3-, 6-, and 12-month follow-ups to pre-
and post-treatment in the full group of participants using
two-tailed paired samples permutation tests.

Subsequently, we examined the effect of dosage para-
digm (LRT1 vs. LRT2 training schedules) on treatment out-
comes. To directly compare the magnitude of the treatment
effect across dosage paradigms, change scores were com-
pared between the two dosage groups. We predicted greater
gains with increased treatment intensity at post-treatment
and better maintenance of trained items at 3 months post-
treatment and following the additional booster phase at the
6- and 12-month follow-ups. As such, one-tailed independent-
samples permutation tests were used for all comparisons
examining trained item change scores. Two-tailed tests
were used for all remaining contrasts. Change scores were
calculated by subtracting average pre-treatment performance
from average performance at each post-treatment assessment.
Maintenance change scores were also calculated by subtracting
post-treatment performance from performance at subsequent
time points. In order to determine whether response to treat-
ment differed in clinical subgroups, we compared change
scores from pre- and post-treatment to each subsequent time
point across the two diagnostic groups (IvPPA and svPPA)
using two-tailed independent-samples permutation tests.

In order to estimate a standard index of change in
response to treatment at the individual level, effect sizes were
calculated using a weighted (by number of observations)
average of d-statistics from trained sets and untrained
sets (see Beeson & Robey, 2006, for calculation details).
For this study, the pre-treatment mean included three pre-
treatment probes, and the post-treatment mean included all
probes collected after training on a given set was completed.

Finally, Pearson correlation analyses were conducted
to determine whether change scores representing an indi-
vidual’s performance at each follow-up time point relative
to post-treatment were related to amount of reported prac-
tice (for LRT2 participants).

Results

Outcomes From the Full Cohort of
Individuals With PPA

Performance on primary and secondary outcome
measures over time in the full group of participants with
PPA is shown in Figure 2. Permutation tests confirmed sig-
nificant improvement from pre- to post-treatment for trained
items, untrained items, and BNT (see statistical details in
Table 4). No significant change was observed for WAB AQ
scores from pre- to post-treatment. To assess maintenance,
performance at each follow-up time point was compared
to pre-treatment and immediately post-treatment scores
using additional permutation tests. Naming of trained items
remained significantly better than pre-treatment at all
follow-up assessments. Relative to post-treatment, a sig-
nificant decline in naming of trained items was observed at
3 months post-treatment.

Performance on untrained items remained significantly
better than pre-treatment through the 6-month follow-up,
and there were no significant differences for untrained items
relative to post-treatment at any follow-up. A direct com-
parison of trained versus untrained sets at each time point
revealed equivalent performance at pre-treatment and sig-
nificantly better performance on trained sets at all other time
points (see Table 5). Spoken naming performance on the
BNT showed relative stability compared to pre-treatment
at the 3-, 6-, and 12-month follow-ups. Compared to post-
treatment, BNT scores showed a significant decline at the
6-month follow-up only. Relative to pre-treatment, perfor-
mance on the WAB showed a significant decline at 12 months
post-treatment. Compared to post-treatment, WAB scores
showed a significant decline at each follow-up. MMSE
scores did not change from pre- to post-treatment but did
gradually decline at each follow-up thereafter. This decline
was significant relative to pre-treatment at one year post-
treatment. MMSE decline relative to post-treatment was sig-
nificant at six months and one year post-treatment (Table 4).

Comparison of LRT1 Versus LRT2: Effects of
Treatment Intensity and Multiple Treatment Phases

Performance on primary and secondary outcome
measures in each dosage group is presented in Figure 3.
Performance within each of the dosage groups followed
a similar pattern as that of the full group of participants
(statistical details for within—-dosage group comparisons
are reported in Appendix B). Findings include significant
improvement, as well as maintenance of gains relative to
pre-treatment for trained items up to 1 year post-treatment.
Some degree of generalized improvement was noted for
each protocol (BNT at post-treatment in the group that
received less frequent training; LRT1 protocol) and un-
trained items at 3 months post-treatment in the group that
received more frequent training (LRT2 protocol). Our
primary interest for this study, however, was the compar-
ison of outcomes between dosage groups. Permutation
tests comparing change scores between the two dosage para-
digms are presented in Table 6. There were no significant
differences in change scores between the two groups at any
time point with correction for multiple comparisons.

>The two dosage protocols differed in total number of items trained
(20 items for LRT1 and 40 items for LRT2). In order to compare
treatment gains while controlling for both baseline performance and
differences in total number of items trained, we conducted a post hoc
analysis using a derived metric referred to as “proportion of potential
maximal gain” (Lambon Ralph, Snell, Fillingham, Conroy, & Sage,
2010). This metric was calculated as (post-treatment naming accuracy —
baseline naming accuracy) / (number of items trained — baseline naming).
Independent-samples permutation tests comparing proportion of
potential maximal gain in LRT1 versus LRT2 at post-treatment and
each follow-up yielded identical results relative to the analysis of
change scores derived from percentages (all p values greater than the
Bonferroni-corrected threshold of p < 0.0125). Thus, comparisons
across the two training protocols when controlling for number of
items trained confirmed no differences in treatment gains.
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Figure 2. Performance on trained and untrained sets of words as well as standardized tests over time in the full group of participants with
primary progressive aphasia. 95% confidence intervals around the mean were derived using n = 1,000 bootstrapped samples. Significant permutation
test, with Bonferroni correction, denoted: * = significant difference relative to pre-treatment; + = significant difference relative to post-treatment.
Trained = trained items; Untrained = untrained items; BNT = Boston Naming Test; WAB = Western Aphasia Battery; AQ = Aphasia Quotient;
Pre = pre-treatment; Post = post-treatment; 3M = 3 months post-treatment; 6M = 6 months post-treatment; 12M = 12 months post-treatment.

100 * *
90 _}
80
70
60
50
40
30
20
10
0

Trained (%) Untrained (%) BNT (%) WAB (AQ)
mPre mPost o3M O6M m12M

Outcomes by Clinical Variant study, however, was the comparison of outcomes between
clinical variants. Permutation tests for independent data
comparing change scores between the two clinical variants
did not reveal any significant differences (see Table 7).

Performance on primary and secondary outcome
measures in each diagnostic group (svPPA and IvPPA) is
presented in Figure 4. Performance within each group
followed the pattern of the overall group, with significant

improvement and maintenance of gains for trained items Individual Response to Treatment

relative to pre-treatment up to 1 year post-treatment (statis- All 10 individuals who received the LRT1 protocol
tical details for within—clinical variant group comparisons met the established criterion of 80% correct for each
are reported in Appendix C). Of primary interest for this trained set. Seven of 10 participants who received the

Table 4. Results of paired permutation tests comparing treatment outcome measures and standardized tests at each time point relative to
pre-treatment and post-treatment for all participants (both clinical variants and both treatment dosage groups).

Pre-treatment performance vs. Post-treatment performance vs.
3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 18 16 16 17 16 16 17.
t -17.8 -11.5 -24.9 -8.4 2.7 2.2 3.6
p < 0.001* < 0.001* < 0.001* < 0.001* 0.013* 0.714 0.031
Untrained n 18 16 16 17 16 16 17
t -3.1 -3.6 -2.6 -1.3 -0.1 0.4 1.6
P 0.003* < 0.001* < 0.001* 0.448 0.967 0.723 0.129
BNT n 18 15 14 14 16 14 15
t -1.9 0.8 2.4 3.0 15 4.2 3.7
P 0.003* 0.427 0.053 0.053 0.714 0.012* 0.027
WAB n 18 16 16 15 16 16 15
t -0.1 2.4 3.2 5.1 3.7 3.7 5.5
p 0.724 0.061 0.061 < 0.001* 0.013* 0.003* < 0.001*
MMSE n 18 15 16 15 15 16 15
t -0.2 -0.2 1.9 3.0 0.9 2.8 4.0
P 0.868 0.934 0.090 0.004* 0.408 0.008* < 0.001*

Note. One-tailed tests were used for trained items for all comparisons to pre-treatment performance. All other comparisons utilized two-tailed
tests. Trained = trained items; Untrained = untrained items; BNT= Boston Naming Test; WAB = Western Aphasia Battery.

*Bonferroni-corrected thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to
post-treatment performance.
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Table 5. Results of permutation tests for paired data comparing performance between trained and untrained sets at each time point.

Pre-treatment Post-treatment 3-month follow-up 6-month follow-up 12-month follow-up
n 18 18 16 16 17
t -0.7 7.4 5.5 7.5 6.3
p 0.724 < 0.001* < 0.001* < 0.001* < 0.001*

Note. Two-tailed tests were used.
*Bonferroni-corrected thresholds for significance: p < 0.01.

Figure 3. Performance on trained and untrained sets of words as well as standardized tests over time in participants from each dosage protocol.
95% confidence intervals around the mean were derived using n = 1,000 bootstrapped samples. Significant permutation test, with Bonferroni
correction, denoted: for within-group comparisons, * = significant difference relative to pre-treatment; + = significant difference relative to post-
treatment. No significant between-groups differences in change scores. LRT1 = Lexical Retrieval Treatment Group 1; LRT2 = Lexical Retrieval
Treatment Group 2; Trained = trained items; Untrained = untrained items; BNT= Boston Naming Test; WAB = Western Aphasia Battery; AQ = Aphasia
Quotient; Pre = pre-treatment; Post = post-treatment; 3M = 3 months post-treatment; 6M = 6 months post-treatment; 12M = 12 months post-treatment.
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Table 6. Results of permutation tests comparing change scores between the two dosing paradigms (LRT1 vs. LRT2).

Change score from pre-treatment to Change score from post-treatment to

3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 18 16 16 17 16 16 17
t 1.5 15 0.9 14 0.3 -0.3 0.4
p 0.950 0.920 0.806 0.922 0.606 0.411 0.634
Untrained n 18 16 16 17 16 16 17
t -2.3 -0.8 -1.4 -0.5 0.8 0.7 1.3
p 0.037 0.505 0.179 0.663 0.504 0.577 0.231
BNT n 16 14 13 13 14 12 12
t 1.1 -0.6 0.7 -1.4 0.0 0.3 -0.4
p 0.283 0.685 0.532 0.255 1.000 1.000 0.691
WAB n 18 16 16 15 16 16 15
-2.3 -0.9 -1.4 -0.6 0.9 -0.1 0.0
p 0.035 0.429 0.172 0.729 0.382 0.870 0.961

Note. One-tailed tests were utilized in comparing trained item change scores. All other comparisons utilized two-tailed tests. Bonferroni-corrected
thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to post-treatment performance.
Differences in n for Boston Naming Test (BNT) due to comparing an equivalent, frequency-matched set of items across LRT1 and LRT2. Because
an equivalent item set could not be derived, two participants (sv6, who received LRT1, and sv1, who received LRT2) were not included in between-
subjects comparisons. Trained = trained items; Untrained = untrained items; LRT = Lexical Retrieval Training; WAB = Western Aphasia Battery.

LRT2 protocol met the criterion of 100% correct for all
trained sets. Effect sizes confirmed that individual response
to treatment (see Appendix A) was generally quite robust
for trained sets (mean d = 7.22, SD = 3.80, range: 1.52-19.36).
Effect sizes for untrained items were small or negative (mean
d=1.06, SD = 1.36, range: —0.58 to 4.55).

Relation Between Ongoing Practice Post-treatment
and Stability of Scores of Over Time

We sought to examine the relation between contin-
ued home practice and treatment effects over time (in
the LRT2 group; follow-up practice data were not system-
atically collected in the LRT1 group). Specifically, Pearson
correlation analysis was used to examine the relation be-
tween change score (relative to post-treatment) and number
of practice sessions reported at each follow-up assessment
(see Appendix A for cumulative practice data). Correlations
were not significant for trained or untrained items at 3 months
post-treatment (trained items r = —0.03, p = 0.95; untrained
items r = —0.02, p = 0.96), 6 months post-treatment (trained
items r = —0.33, p = 0.47; untrained items r = —0.24, p = 0.60),
or 1 year post-treatment (trained items r = —0.57, p = 0.14;
untrained items r = —0.45, p = 0.26).

Self-Assessment of Change

The results of the self-assessment survey in the LRT2
group were tallied such that a report of “a lot worse” was
assigned a value of —3 and a report of “a lot better” was
assigned +3 (see Figure 5). A score of 0 represented a self-
report of “no change.” The mean participant rating across
all items was 0.86, which corresponds to a rating between
“unchanged” and “somewhat better.” The mean response
in the svPPA group was 0.52, corresponding to a report
between “unchanged” and “somewhat better.” The IVPPA

group showed a higher mean response (1.2), corresponding
to a rating between “somewhat better” and “better.”

Discussion

Findings from this study contribute to the growing
evidence base supporting the utility of speech-language in-
tervention for individuals with PPA. Lexical retrieval treat-
ment was found to improve naming for individuals with
svPPA and IvPPA, with evidence for maintenance of gains
and generalization to untrained items. Relative to pre-
treatment, performance on treated items was significantly
improved at post-treatment and remained so following the
cessation of formal treatment (over a 12-month period
in the group who received LRT1; over a 9-month period
following the booster phase in the group who received
LRT?2). Not only does this indicate that lexical retrieval
treatment is beneficial for individuals with PPA, but it also
suggests that learning can be maintained, with ongoing
practice, despite disease progression.

Effects of Dosage Paradigm

At present, there are no guidelines for treatment dos-
age parameters in PPA. Whereas our initial cohort of
10 individuals demonstrated significant improvement as
a result of intervention, we sought to determine the effects
of dosage modifications intended to enhance treatment
outcomes in a second group of eight participants. Specif-
ically, we varied treatment intensity by manipulating ses-
sion frequency as well as total number of sessions/hours
and cumulative intervention duration, with other dosage
parameters (e.g., dose, dose form, and session duration)
held constant across protocols (see Table 3). It is noteworthy
that, despite the difference in treatment frequency for clinician-
moderated practice (one session per week vs. two sessions per
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Figure 4. Performance on trained and untrained sets of words as well as standardized tests over time in each clinical subtype. 95% confidence
intervals around the mean were derived using n = 1,000 bootstrapped samples. Significant permutation test, with Bonferroni correction, denoted:
for within-group comparisons, * = significant difference relative to pre-treatment; + = significant difference relative to post-treatment. No significant
between-groups differences in change scores. SVPPA = semantic variant primary progressive aphasia; IVPPA = logopenic variant primary progressive
aphasia; Trained = trained items; Untrained = untrained items; BNT= Boston Naming Test; WAB = Western Aphasia Battery; AQ = Aphasia
Quotient; Pre = pre-treatment; Post = post-treatment; 3M = 3 months post-treatment; 6M = 6 months post-treatment; 12M = 12 months
post-treatment.
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week), the intensity of home practice was constant across Furthermore, the apparent lack of additional benefit
the two protocols in the initial study phase. The fact that from increased treatment provided in LRT2 versus LRTI
we did not detect greater improvement for trained items prompts additional consideration of the strategic nature
with more frequent treatment sessions may indicate that of the treatment. All participants were trained to implement
the additional treatment session did not confer additional the self-cueing procedures during instances of lexical re-
potency above and beyond the daily practice that was trieval difficulty. Ideally, use of the strategies becomes
afforded by CART homework, which was implemented habitual across a broad range of communication contexts,
in both protocols. not simply during structured treatment tasks. This scenario
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Table 7. Results of permutation tests comparing change scores between the semantic (n = 9) and logopenic (n = 9) variants of primary

progressive aphasia.

pre-treatment performance vs.

post-treatment performance vs.

3-month 6-month 12-month 3-month 6-month 12-month
post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 18 16 16 17 16 16 17
t -0.2 0.0 1.1 1.2 0.1 -0.2 1.8
P 0.952 0.959 0.291 0.238 0.956 0.916 0.122
Untrained n 18 16 16 17 16 16 17
t 04 0.6 1.3 1.9 0.4 0.6 1.0
p 0.773 0.636 0.179 0.088 0.787 0.603 0.378
BNT n 16 14 13 13 14 12 12
t -1.1 -1.0 -1.6 0.9 -0.5 -1.2 1.0
P 0.350 0.495 0.175 0.502 0.691 0.317 0.369
WAB n 18 16 16 15 16 16 15
t -1.1 0.5 1.8 14 2.0 2.3 1.9
P 0.280 0.694 0.120 0.162 0.070 0.035 0.077

Note. All comparisons utilized two-tailed tests for independent data sets. Bonferroni-corrected thresholds for significance: p < 0.013 for
comparisons to pre-treatment performance and p < 0.017 for comparisons to post-treatment performance. Trained = trained items; Untrained =
untrained items; BNT= Boston Naming Test; WAB = Western Aphasia Battery.

would afford considerable stimulation and practice well
beyond the clinician-directed sessions and the structured
homework. If the once-weekly sessions with daily homework
of LRT1 were adequate to establish use of the lexical retrieval
strategies and to prompt generalization to untrained items,
then it is possible that there was little need for additional
training offered in LRT2. Indeed, generalization effects were
evident on linguistically matched, untrained items and on
the BNT, which probes a broad range of word frequencies.
It is not possible to determine with certainty whether the
strategic nature of the training, in conjunction with daily
homework, served to equalize intervention potency across
the two protocols, but it is a potential mechanism that
warrants further consideration.

Individuals in the LRT2 group received a booster
phase of treatment after the 3-month post-treatment testing
session, wherein previously trained vocabulary and naming
strategies were revisited. This additional stimulation did
not affect outcomes relative to the LRT1 group at subse-
quent follow-ups, with between-groups comparisons (at
6 months and 1 year post-treatment), revealing no signifi-
cant differences following the second phase of treatment.
It is surprising that additional training did not result in
better maintenance of gains relative to the LRT1 group,
but this does not necessarily confirm that further training
and practice are not beneficial following an initial treatment
episode in PPA. It is possible that additional training
does confer some benefits but that our study lacks sufficient
power to detect an effect. Furthermore, it may be the case
that continued practice with mastered items in the second
phase of treatment was not as beneficial as training of
new items may have been. Introduction of novel or more
difficult items (i.e., items that could not consistently be
named) in the second phase of treatment may have led to
improved performance at subsequent follow-ups. Increased
cognitive engagement mandated by training of difficult

items may be a critical element in producing the robust
treatment effects and generalized improvement in naming
that were observed following the first phase of treatment.
The impact of varying dosage parameters and poten-
tial benefits of including previously trained versus un-
trained sets in a treatment “booster” warrant additional
investigation.

Direct Treatment Effects in syPPA Versus IvPPA

In a previous study, we documented positive response
to this lexical retrieval training paradigm in two patients,
one with IVPPA and the other with svPPA (Henry, Rising,
et al., 2013). The “Lexical Retrieval Cascade Treatment” (here,
lexical retrieval treatment) was designed to engage each of
the central components of language processing, leveraging
spared cognitive-linguistic functions to promote self-cueing
and word retrieval, with the potential to benefit participants
with naming deficits caused by different underlying mecha-
nisms. Consistent with the original two cases, there was
no difference in treatment response in svPPA versus IvPPA
at any time point for the larger group of participants reported
here. Our findings confirm that this intervention is broadly
beneficial for word retrieval deficits in PPA, whether caused
by semantic or phonological impairment. Although there
are clear differences in clinical presentation in IVPPA versus
svPPA, there is also heterogeneity within each of the clini-
cal variants, relating not only to stage of disease but also to
the specific topography of neurodegeneration in each indi-
vidual PPA patient. Effect sizes across participants in this
study were generally robust, indicating that lexical re-
trieval treatment has the potential to benefit most IvVPPA
and svPPA patients in the mild-to-moderate (MMSE > 15)
range of disease severity that was investigated here. Again,
this speaks to the broad applicability of this treatment
approach and its potential to benefit patients with varying
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Figure 5. Mean response for post-treatment self-assessment survey (LRT2 participants). Scale: -3 = a lot worse; -2 = worse; -1 = somewhat
worse; 0 = unchanged; 1 = somewhat better; 2 = better; 3 = a lot better. IVPPA = logopenic variant primary progressive aphasia; svPPA =

semantic variant primary progressive aphasia.
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clinical profiles. Future research should explore cognitive—
linguistic and neural predictors of treatment outcomes

for this and other treatment approaches in order to optimize
treatment candidacy decision making in PPA.

Maintenance of Treatment Gains

We report maintenance of gains for trained targets
up to 1 year post-treatment and up to 6 months post-
treatment for untrained targets. We allowed ongoing
practice with trained items in the post-treatment period,
with cumulative reported practice at 1 year post-treatment
varying considerably across individuals (LRT2; see
Appendix A). Untrained targets were not made available
for home practice. To date, the majority of studies investi-
gating naming treatment for PPA do not report mainte-
nance data beyond the immediate post-treatment period.
Furthermore, of those that do report longer-term maintenance
(Beeson et al., 2011; Dressel et al., 2010; Henry, Rising,
et al., 2013; Heredia et al., 2009; Jokel & Anderson, 2012;
Jokel et al., 2010; Meyer et al., 2015; Meyer, Tippett, Turner,

et al., 2018; Snowden & Neary, 2002), only two studies
(Heredia et al., 2009; Meyer, Tippett, Turner, et al., 2018)
indicate whether ongoing practice with trained items
occurred, with both studies reporting that it did not. We
did not find a significant relation between post-treatment
practice frequency and naming performance over time;
however, we only had records of post-treatment practice
frequency for eight of our 18 participants; moreover, prac-
tice frequency was obtained via self-report, which may not
accurately reflect the frequency of practice. Future studies
should systematically collect data regarding frequency and
duration of home practice during the maintenance phase in
order to address the role of ongoing practice in maintenance
of treatment gains subsequent to structured intervention
with a clinician.

Consistent with the neurodegenerative nature of PPA,
we observed a decline in MMSE score over time through
the 1-year follow-up period. Thus, the maintenance of treat-
ment gains that we observed is set against a backdrop of
ongoing cognitive decline. Our findings confirm that, despite
the relentless progression of cognitive and language symptoms,
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the benefits of skilled, individually tailored intervention are
robust and lasting.

Generalization of Treatment Gains

Generalization of acquired communication skills
beyond the specific tasks and targets addressed in treatment
is an important component of any speech-language in-
tervention. In this study, generalized improvement in nam-
ing was observed for untrained targets and also on the
BNT at post-treatment. We attribute the generalized im-
provement of naming in our participants with PPA to the
strategic nature of the intervention, which encourages
self-cueing via systematic retrieval of residual linguistic
knowledge (semantic, phonological, and orthographic infor-
mation), and episodic/autobiographical information to
promote word retrieval. Importantly, performance on
untrained items (relative to post-treatment) was maintained
through the 12-month follow-up assessment in the full PPA
group.

Of note is the observation that the svPPA group
showed improvement on untrained items (although not sta-
tistically significant with multiple comparisons correction)
and maintained performance on these items through the
1-year follow-up. This is a significant finding, given the
variability in generalization documented in previous studies
of this clinical group. A number of studies have reported
improved naming in svPPA for trained items following sim-
ple name-to-picture or name-to-definition rehearsal; how-
ever, results did not typically generalize to untrained items or
exemplars (Graham et al., 1999, 2001; Heredia et al., 2009;
Jokel, Rochon, & Leonard, 2002; Jokel et al., 2006; Mayberry
et al., 2011; Savage et al., 2013; Snowden & Neary, 2002).
This has led some authors to suggest that relearning of
vocabulary in svPPA is reliant on episodic memory, a com-
pensatory mechanism thought to facilitate only item-specific,
context-bound gains (Croot et al., 2009; Mayberry et al.,
2011; Savage et al., 2013; Snowden & Neary, 2002).

In contrast, several studies utilized more elaborated
cueing hierarchies that encouraged retrieval of residual
semantic, orthographic, phonological, and episodic/
autobiographical information. These studies, despite reporting
data from participants with svPPA with a similar degree
of naming impairment relative to the above studies, docu-
mented generalized improvement in naming (Henry, Rising,
et al., 2013; Jokel & Anderson, 2012; Jokel et al., 2010;
Newhart et al., 2009). In these studies, episodic memory,
in conjunction with residual linguistic knowledge, may
have served as a vehicle for improved lexical retrieval that
is neither item specific nor context bound. Recalling epi-
sodic/autobiographical information may serve to improve
naming and generalization by shifting reliance from the
integration of specific semantic features of a concept to use
of personalized contextual information as a substrate for
word learning. Multicomponent cueing hierarchies like the
one used here and in other studies documenting generalized
improvement in naming in svPPA may successfully link
episodic detail with residual orthographic and phonological

information to compensate for a damaged semantic
system. Findings from these studies support the notion
that strategic recall of episodic information, in conjunction
with spared linguistic knowledge, may facilitate the nam-
ing and retention of both trained and untrained vocabulary
in svPPA.

In the current study, the use of episodic/autobio-
graphical information was further promoted by targeting
naming of individually tailored, functional item sets, utilizing
pictures of participants’ own objects when possible. In sin-
gle cases, Snowden et al. (Snowden, Griffiths, & Neary,
1994; Snowden & Neary, 2002) found that participants
with svPPA were better able to relearn names of meaning-
ful words relative to less personally meaningful items.
Autobiographical experience has also been shown to
improve performance on object use and manipulation tasks
(Bozeat, Lambon, Ralph, Patterson, & Hodges, 2002;
Bozeat, Patterson, Hodges, & Unit, 2004). Furthermore,
several previous naming treatment studies that employed
personally meaningful targets (Henry, Rising, et al., 2013;
Jokel et al., 2002, 2006) noted a reliance on personally rele-
vant cues or autobiographical information to recall words.
These findings, in conjunction with the robust outcomes
from the current study, suggest that use of personalized
stimuli with enhanced autobiographical significance may
promote strategy usage and word retrieval for both trained
and untrained items.

Improved naming of untrained items was also noted
in the IvVPPA group (although not statistically significant
with multiple comparisons correction). Generalized improve-
ment of naming ability in IVPPA may result from engaging
spared semantic associations for targets (Henry, Rising,
et al., 2013; Newhart et al., 2009), in conjunction with re-
sidual orthographic/phonological information, a strategy
that may benefit both trained and untrained vocabulary. In
addition, guided practice with semantic circumlocution
may improve the specificity and efficiency with which se-
mantic information is provided during circumlocution. As
a result, circumlocutory attempts for untrained items may
become more precise and informative, enhancing their com-
municative value. In this study, use of personally relevant
items for both trained and untrained conditions ensured that
participants had robust conceptual representations from
which to draw, enhancing the potency of practice and the
potential for carryover.

Additional Considerations

Restitutive interventions such as the lexical retrieval
treatment intervention described here may not be appropri-
ate beyond the mild-to-moderate range of severity that
was targeted in the current study. Future intervention stud-
ies should continue to investigate interventions appropriate
across the full spectrum of clinical phenotypes and stages
of disease progression in PPA, incorporating multi-
modality communication techniques, augmentative and
alternative communication, and communication partner
training.
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Assessment and treatment data for six of our 18 par-
ticipants were collected via a telemedicine platform. The
application of “teletherapy” allowed us to recruit and treat
a larger cohort of participants than would otherwise have
been possible. Furthermore, teletherapy allowed participants
with geographical constraints or mobility limitations to
participate in treatment in the comfort of their own homes.
In a recent study, we report a comparison of immediate
and long-term treatment outcomes from in-person treatment
compared to treatment administered via teletherapy (Dial
et al., 2019). The participants’ data that we report here were
part of that larger data set, which comprised individuals with
each of the variants of PPA who either underwent naming
treatment (IVPPA and svPPA) or script training (nfvPPA;
Henry et al., 2018). Findings from that study indicate
comparable outcomes immediately post-treatment and up to
1 year post-treatment for individuals receiving teletherapy
compared to those who received in-person treatment. We
contend that telemedicine represents a critical means to
broaden the reach of clinicians offering services to individ-
uals with PPA and other communication disorders.

We acknowledge several limitations of the current
study. First, although our full group of 18 individuals with
PPA represents one of the largest treatment cohorts in the
literature, the subgroups that were compared for between-
groups (clinical cohort and dosage parameter) comparisons
were relatively small. Future studies should attempt to
recruit and report findings from larger samples in order to
amass generalizable evidence regarding the utility and fea-
sibility of language treatment in PPA broadly and across
clinical variants. Second, we acknowledge that we did not
collect treatment fidelity data for the interventions that
were implemented. Only two clinicians were involved in
treatment implementation, both of whom underwent extensive
training regarding accurate delivery of the treatment;
however, future studies should collect and report fidelity
data so that outcomes may be considered in the context of
factors affecting overall study quality. Third, although we
attribute our large treatment effect sizes, in part, to the
combined benefit of in-session practice with the clinician
as well as daily home practice, we did not systematically
collect information regarding frequency and duration of
home practice during the training period. Future studies
should attempt to capture frequency and duration of home
practice using digital means in order to examine the rela-
tion between amount of home practice and immediate and
long-term treatment outcomes. Lastly, although we col-
lected full neuropsychological assessment data at pre-
treatment, only MMSE was conducted at subsequent
assessments. We observed that MMSE did not change from
pre- to post-treatment but did gradually decline at each
follow-up assessment thereafter. We acknowledge, how-
ever, that the MMSE is a language-biased instrument
and that it is a gross screening tool, rather than a detailed
assessment of relevant cognitive functions. As such, we
are unable to determine the extent to which changes in
cognitive function more broadly may have contributed
to long-term outcomes in our participants. Future PPA

treatment studies that address maintenance should collect
data on cognitive status (particularly, memory and executive
function) at follow-up assessments in order to examine
how nonlinguistic cognitive functions relate to long-term
treatment outcomes.

Conclusion

Systematic efforts to strengthen the evidence regard-
ing the utility of behavioral rehabilitation for progressive
disorders of cognition and communication have resulted
in great strides over the last two decades. A significant
and growing body of research has documented the bene-
fits of targeted, skilled interventions in individuals with
Alzheimer’s and related dementias and has also addressed
important considerations with regard to treatment optimi-
zation, including dosage and modality of treatment deliv-
ery (Bayles et al., 2006; Mahendra et al., 2006; Hopper et al.,
2005, 2013; E. S. Kim et al., 2006; Mahendra et al., 2005;
Zientz, Rackley, Chapman, Hopper, Mahendra, & Cleary,
2007; Zientz, Rackley, Chapman, Hopper, Mahendra,
Kim, et al., 2007). This work has paved the way for simi-
lar investigations of treatments designed to promote and
maintain communicative function in PPA.

Individuals with PPA, their caregivers, and third-
party reimbursers seek efficacious intervention options
that offer more than item-specific effects or temporary
gains. In this study, we document significantly improved
word retrieval, with generalization of treatment gains and
maintenance (relative to pre-treatment status) up to 1 year
post-treatment in individuals with svPPA and IvPPA.
These results, in conjunction with qualitative reports of
improved communication in our participants, strengthen
the evidence base supporting speech-language treatment
in PPA by confirming that treatment in this population
can result in robust, generalized, and lasting improvement,
despite ongoing neurodegeneration and worsening of
aphasic symptoms. In light of these findings and those
of previous intervention studies in progressive aphasia,
behavioral intervention for speech and language should
be viewed by the clinical and research communities as a
necessary, rather than optional, component of care for
individuals with PPA. Future studies should continue to
develop and optimize approaches to intervention, includ-
ing additional investigation of dosage manipulations, in
order to maximize outcomes and promote communicative
well-being for individuals with this debilitating condition.
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Appendix A (p. 1 of 2)

Individual Participants’ Performance on Trained and Untrained Word Sets and Standardized Assessments at Each Study Time Point

Total no. of practice sessions
reported during maintenance

Participant Score Pre-treatment Post-treatment d-stat 3 months 6 months 12 months (LRT2 participants only)
svi Trained 5.83 92.50 7.16 57.50 95.00 90.00 17.00
LRT2 Untrained 13.33 35.00 0.98 20.00 60.00 40.00

BNT 63.41 65.85 48.33 50.00 36.67

WAB 91.50 91.80 93.80 94.40 85.20

MMSE 27.00 28.00 . 26.00 29.00 25.00
sv2 Trained 3.33 96.25 10.56 95.00 87.50 80.00 15.00
LRT2 Untrained 3.33 90.00 4.55 80.00 80.00 60.00
T BNT 10.00 13.33 16.67 3.33 10.00

WAB 76.00 80.50 76.20 72.30 70.50

MMSE 24.00 25.00 . 22.00 24.00 20.00
sv3 Trained 10.00 76.25 4.27 75.00 82.50 82.50 58.00
LRT2 Untrained 16.67 40.00 1.81 70.00 30.00 10.00

BNT 56.67 53.33 46.67 26.67 43.33

WAB 89.00 88.30 88.50 90.30 84.00

MMSE 26.00 26.00 27.00 28.00 26.00
sv4 Trained 11.67 25.00 1.52 15.00 N/C 2.50 5.00
LRT2 Untrained 10.00 20.00 1.15 10.00 N/C 10.00

BNT 18.33 15.00 10.00 N/C 0.00

WAB 82.20 79.70 74.60 N/C 63.50

MMSE 21.00 20.00 . 22.00 N/C 18.00
svb Trained 8.33 80.00 5.54 N/C N/C N/C N/C
LRTA1 Untrained 6.67 0.00 -0.58 N/C N/C N/C

BNT 5.00 3.30 N/C N/C N/C

WAB 65.90 60.70 N/C N/C N/C

MMSE 25.00 17.00 . N/C N/C N/C
sv6 Trained 0.00 100.00 19.36 100.00 100.00 100.00 N/C
LRTA Untrained 0.00 0.00 0.00 80.00 80.00 80.00
T BNT 32.50 32.50 40.00 60.00 60.00

WAB 88.40 87.70 84.90 84.50 73.40

MMSE 28.00 27.00 . 28.00 27.00 25.00
sv7 Trained 5.00 100.00 8.95 80.00 100.00 100.00 N/C
LRT1 Untrained 0.00 50.00 1.18 0.00 0.00 0.00

BNT 40.00 45.00 53.30 33.30 40.00

WAB 94.00 95.00 92.00 93.20 91.50

MMSE 27.00 29.00 . 30.00 28.00 28.00
sv8 Trained 3.33 97.50 10.02 100.00 80.00 65.00 N/C
LRTA1 Untrained 6.67 0.00 -0.58 0.00 0.00 0.00

BNT 16.67 21.67 . 13.30 20.00 13.30

WAB 87.70 86.00 86.80 83.00 82.40

MMSE 26.00 30.00 . 30.00 24.00 21.00
sv9 Trained 6.67 92.50 8.77 90.00 65.00 75.00 N/C
LRTA1 Untrained 0.00 20.00 2.19 20.00 0.00 20.00
T BNT 11.70 15.00 13.30 6.70 13.30

WAB 88.90 86.60 87.80 83.10 80.30

MMSE 28.00 30.00 . 27.00 26.00 23.00

Trained 2.50 83.75 747 95.00 82.50 35.00 79.00
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Appendix A (p. 2 of 2)

Individual Participants’ Performance on Trained and Untrained Word Sets and Standardized Assessments at Each Study Time Point

Total no. of practice sessions
reported during maintenance

Participant Score Pre-treatment Post-treatment d-stat 3 months 6 months 12 months (LRT2 participants only)
Iv1 Untrained 6.67 5.00 -0.01 20.00 10.00 0.00
LRT2 BNT 3.33 15.00 5.00 10.00 N/C

WAB 68.10 74.90 71.10 70.20 62.40

MMSE 16.00 21.00 . 21.00 19.00 18.00
Iv2 Trained 23.33 96.25 3.63 85.00 100.00 75.00 92.00
LRT2 Untrained 20.00 70.00 1.84 50.00 30.00 60.00
T BNT 78.33 83.33 86.67 70.00 73.33

WAB 83.60 89.60 84.50 83.70 63.80

MMSE 26.00 28.00 . 21.00 22.00 10.00
Iv3 Trained 11.67 95.00 8.04 75.00 80.00 50.00 169.00
LRT2 Untrained 33.33 80.00 2.63 70.00 70.00 30.00
T BNT 71.67 78.33 80.00 66.67 46.67

WAB 87.40 85.90 83.70 83.30 78.80

MMSE 19.00 23.00 . 23.00 23.00 19.00
Iv4 Trained 15.00 91.25 5.18 82.50 70.00 62.50 51.00
LRT2 Untrained 30.00 70.00 1.75 50.00 50.00 20.00

BNT 71.67 58.33 66.67 53.33 56.67

WAB 75.80 79.60 70.90 61.00 N/C

MMSE 18.00 22.00 . 15.00 10.00 N/C
v Trained 10.00 97.50 6.62 N/C 100.00 80.00 N/C
LRT1 Untrained 20.00 0.00 0.10 N/C 0.00 0.00

BNT 76.70 73.30 N/C 46.70 6.70

WAB 80.40 77.50 N/C 67.10 49.40

MMSE 27.00 25.00 . N/C 22.00 22.00
Ivé Trained 6.67 90.00 7.09 95.00 85.00 60.00 N/C
LRT1 Untrained 0.00 20.00 2.21 40.00 20.00 0.00
T BNT 45.00 50.00 80.00 53.30 40.00

WAB 69.40 72.60 66.70 57.50 49.10

MMSE 20.00 9.00 . 15.00 10.00 4.00
Iv7 Trained 10.00 100.00 5.45 95.00 90.00 20.00 N/C
LRT1 Untrained 6.67 0.00 -0.58 0.00 0.00 0.00

BNT 45.00 51.70 40.00 N/C N/C

WAB 80.00 75.20 73.90 68.80 N/C

MMSE 15.00 15.00 . N/C 13.00 N/C
Iv8 Trained 11.67 85.00 5.84 75.00 95.00 95.00 N/C
LRT1 Untrained 0.00 0.00 0.00 0.00 20.00 0.00

BNT 53.30 73.30 . 73.30 66.70 66.70

WAB 64.00 66.60 66.00 66.60 63.60

MMSE 26.00 28.00 . 27.00 25.00 26.00
v Trained 16.67 92.50 4.75 60.00 80.00 95.00 N/C
LRT1 Untrained 13.33 40.00 0.44 40.00 20.00 0.00

BNT 40.00 46.70 46.70 53.30 20.00

WAB 92.20 88.40 84.00 82.30 76.60

MMSE 27.00 27.00 27.00 13.00 13.00
Note. sv = semantic variant; Iv = logopenic variant; LRT2 = Lexical Retrieval Training Protocol 2; LRT1 = Lexical Retrieval Training Protocol 1; Trained = percent correct for trained

items; Untrained = percent correct for untrained items; BNT = percent correct on Boston Naming Test (Full BNT was administered at pre- and post-treatment and equivalent short [15-
item or 30-item] versions were administered at follow-up testing sessions. Only equivalent subsets of items were used for statistical comparisons across time points and groups.); WAB
= Western Aphasia Battery (AQ out of 100); MMSE = Mini-Mental State Examination (out of 30); TT = received treatment via teletherapy; N/C = not collected.




Appendix B
Statistical Details for Within-Dosage Group Comparisons

Table B1. Results of paired permutation tests comparing outcome measures and standardized tests at each time point relative to pre-treatment
and post-treatment for Lexical Retrieval Training Protocol 1.

Pre-treatment performance vs. Post-treatment performance vs.
3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 10 8 9 9 8 9 9
t -28.1 -12.1 -17.7 -7.7 1.7 1.8 2.0
P < 0.001* 0.004* 0.002* 0.002* 0.672 1.000 1.000
Untrained n 10 8 9 9 8 9 9
t -1.2 -1.8 -1.1 -0.6 -0.5 -0.1 0.3
P 0.184 0.047 0.086 0.359 0.750 1.000 0.875
BNT n 10 8 8 8 8 8 8
t -2.4 0.7 1.7 2.0 1.3 4.0 2.7
P 0.012* 0.672 0.172 0.672 0.672 0.047 0.172
WAB n 10 8 9 8 8 9 8
t 1.6 2.5 3.6 34 2.3 3.5 3.5
p 0.184 0.047 0.023 0.016 0.172 0.023 0.016*

Note. One-tailed tests were used for trained items for all comparisons to pre-treatment performance. All other comparisons utilized two-
tailed tests. Trained = trained items; Untrained = untrained items; BNT = Boston Naming Test; WAB = Western Aphasia Battery.
*Bonferroni-corrected thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to
post-treatment performance.

Table B2. Results of paired permutation tests comparing outcome measures and standardized tests at each time point relative to pre-treatment
and post-treatment for Lexical Retrieval Training Protocol 2.

Pre-treatment performance vs. Post-treatment performance vs.
3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 8 8 7 8 8 7 8
t -8.1 -6.3 -17.6 -4.6 2.0 1.2 3.3
P 0.004* 0.004* 0.008* 0.008* 0.047 1.00 0.047
Untrained n 8 8 7 8 8 7 8
t -3.5 -3.3 -3.0 -1.3 0.8 1.1 3.1
p 0.016 0.008* 0.016 0.672 0.508 0.344 0.023
BNT n 8 7 6 6 8 6 7
t -0.4 0.4 1.6 3.3 0.7 2.1 2.4
p 0.172 0.344 0.688 0.188 0.672 0.688 0.344
WAB n 8 8 7 7 8 7 7
t -1.6 1.0 1.0 41 2.9 1.9 4.2
p 0.172 0.672 0.344 0.031 0.172 0.344 0.031

Note. One-tailed tests were used for trained items for all comparisons to pre-treatment performance. All other comparisons utilized two-
tailed tests. Trained = trained items; Untrained = untrained items; BNT = Boston Naming Test; WAB = Western Aphasia Battery.

*Bonferroni-corrected thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to
post-treatment performance.
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Appendix C
Statistical Details for Within-Clinical Variant Group Comparisons

Table C1. Results of paired permutation tests comparing outcome measures and standardized tests at each time point relative to pre-treatment
and post-treatment for semantic primary progressive aphasia.

Pre-treatment performance vs. Post-treatment performance vs.
3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 9 8 7 8 8 7 8
t -8.8 -6.3 -15.2 -5.7 1.9 14 2.2
P 0.002* 0.004* 0.008* 0.008* 0.172 0.344 0.672
Untrained n 9 8 7 8 8 7 8
t -2.2 -2.3 -2.1 -1.9 -0.2 -0.1 0.3
p 0.023 0.016 .031 0.047 0.813 0.938 0.813
BNT n 9 7 6 7 8 6 8
t -1.2 1.7 2.3 2.4 2.3 2.0 3.1
P 0.086 1.000 0.188 1.000 0.672 0.688 0.672
WAB n 9 8 7 8 8 7 8
t 0.9 1.6 1.7 4.2 14 1.6 4.7
p 0.359 0.172 0.344 0.016 0.672 0.344 0.016*

Note. One-tailed tests were used for trained items for all comparisons to pre-treatment performance. All other comparisons utilized two-
tailed tests. Trained = trained items; Untrained = untrained items; BNT = Boston Naming Test; WAB = Western Aphasia Battery.
*Bonferroni-corrected thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to
post-treatment performance.

Table C2. Results of paired permutation tests comparing outcome measures and standardized tests at each time point relative to pre-treatment
and post-treatment for logopenic primary progressive aphasia.

Pre-treatment performance vs. Post-treatment performance vs.
3-month 6-month 12-month 3-month 6-month 12-month
Post-treatment follow-up follow-up follow-up follow-up follow-up follow-up
Trained n 9 8 9 9 8 9 9
t -39.1 -12.0 -20.8 -6.7 1.9 1.6 3.2
p 0.002* 0.004* 0.002* 0.002* 0.172 0.359 0.086
Untrained n 9 8 9 9 8 9 9
t -2.0 -3.4 -1.8 0.4 0.4 1.2 2.7
P 0.086 0.016 0.023 0.359 0.813 0.313 0.031
BNT n 9 8 8 7 8 8 7
t -1.6 0.0 1.1 2.4 0.4 5.2 2.9
p 0.023 0.172 0.672 0.094 0.672 0.047 0.094
WAB n 9 8 9 7 8 9 7
t -0.7 1.7 2.9 3.7 4.3 3.9 4.3
p 0.359 0.672 0.359 0.031 0.016* 0.023 0.031

Note. One-tailed tests were used for trained items for all comparisons to pre-treatment performance. All other comparisons utilized two-
tailed tests. Trained = trained items; Untrained = untrained items; BNT = Boston Naming Test; WAB = Western Aphasia Battery.

*Bonferroni-corrected thresholds for significance: p < 0.013 for comparisons to pre-treatment performance and p < 0.017 for comparisons to
post-treatment performance.
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