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Abstract: Knowledge on the natural history of the three main variants of primary progressive aphasia
(PPA) is lacking, particularly regarding mortality. Moreover, advanced stages and end of life issues
are rarely discussed with caregivers and families at diagnosis, which can cause more psychological
distress. We analyzed data from 83 deceased patients with a diagnosis of PPA. We studied survival
in patients with a diagnosis of logopenic variant (lvPPA), semantic variant (svPPA), or non-fluent
variant (nfvPPA) and examined causes of death. From medical records, we retrospectively collected
data for each patient at several time points spanning five years before the first visit to death. When
possible, interviews were performed with proxies of patients to complete missing data. Results
showed that survival from symptom onset and diagnosis was significantly longer in svPPA than in
lvPPA (p = 0.002) and nfvPPA (p < 0.001). No relevant confounders were associated with survival.
Mean survival from symptom onset was 7.6 years for lvPPA, 7.1 years for nfvPPA, and 12 years for
svPPA. The most common causes of death were natural cardio-pulmonary arrest and pneumonia.
Aspiration pneumonia represented 23% of deaths in nfvPPA. In conclusion, this pilot study found
significant differences in survival between the three variants of PPA with svPPA showing the longest
and nfvPPA showing more neurologically-related causes of death.

Keywords: primary progressive aphasia; natural history; mortality; survival; memory clinic

1. Introduction

Primary progressive aphasias (PPAs) are a group of neurodegenerative diseases char-
acterized by a predominant and progressive deterioration of language, with relative preser-
vation of other cognitive functions over at least two years after the onset of the disease [1].
Since 2011, PPAs have been classified into three variants based on their clinical manifesta-
tions: the semantic variant (svPPA), the non-fluent/agrammatic variant (nfvPPA), and the
logopenic variant (lvPPA) [2].

Demographic and epidemiological data regarding PPAs are lacking and most estima-
tions are based on Frontotemporal Lobar Degeneration (FTLD) studies. Indeed, PPAs rep-
resent 20–40% of FTLD cases [3] with an estimated prevalence between 3.6 and 8.1/100,000
inhabitants [4–6]. A recent study suggested a prevalence of 3.1/100,000 (95% confidence
interval [2.96–3.23]) from a French database including 2035 PPAs patients followed in
tertiary centers [7].

While nfvPPA and svPPA are commonly considered as clinical presentations of
FTLD with a predominant FTLD-tau pathology for nfvPPA (64% of cases) and FTLD-
TDP-43 for svPPA (80% of cases), it is estimated that 86% of lvPPA are associated with
Alzheimer’s pathology [8].

Like all neurodegenerative diseases, the impact of PPA on the functional, socio-
economic, and quality of life aspects is significant [9,10]. In addition, at diagnostic an-
nouncement, advanced stages and end of life issues are rarely discussed with families and
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caregivers. Moreover, no pertinent guidelines are available for assisting the medical team
in prognosis announcement, which can have a significant psychological impact for patients
and their families [11,12].

Although some authors have studied the natural history of FTLD variants, survival
analyses remain scarce in the literature especially for PPAs. In the most recent mixed effects
meta-analysis of survival in FTLD published in 2016 by Kansal et al. [13], the mean and
median survival in svPPA variant were respectively 7.45 and 12.22 years. For nfvPPA,
mean and median survival were 7.69 and 8.11 years, respectively [13]. To date, no study
included the three PPA variants in survival analyses and epidemiological and survival
data are still unknown for lvPPA. Therefore, it is essential to improve our knowledge of the
natural history of PPAs, so that patients and their families can be informed about the onset
and management of the different clinical manifestations as well as be properly prepared for
end of life issues. The aim to the present pilot study was to analyze and compare survival
data between the three PPAs variants and to describe causes of death.

2. Materials and Methods
2.1. Subjects

We conducted a retrospective study including deceased patients with a diagnosis
of PPA that had been followed at our tertiary memory clinic over the past twenty years
(n = 83). Initial diagnostic evaluation was obtained by a neurologist, a geriatrician or a
neuropsychiatrist with a strong clinical experience in cognitive disorders. Diagnosis was
based on an extensive clinical and paraclinical evaluation including speech and neuropsy-
chological examination, structural (MRI–dementia protocol) and molecular neuroimaging
(FDG-PET), or cerebrospinal fluid AD biomarkers (aB1-42, total-tau, phospho-tau). For all
patients recruited after 2011, diagnosis was established according to the clinical criteria by
Gorno-Tempini et al. [2]. According to these criteria, svPPA is associated with impaired
confrontation naming and single-word comprehension. Additionally, patients may show
impaired object knowledge as well as surface dyslexia or dysgraphia. In this variant, repeti-
tion and speech production are usually spared. Secondly, patients with nfvPPA must show
apraxia of speech and/or agrammatism in speech production. Comprehension of syntac-
tically complex sentences can also be impaired. Spared single-word comprehension and
object knowledge is expected. Finally, lvPPA is defined by impaired single-word retrieval
in naming and spontaneous speech as well as impaired sentence repetition, particularly for
long sentences. Patients may also produce phonologic errors. In this variant, single-word
comprehension, object knowledge, grammar and speech production are usually spared.
Patients recruited before 2011 were screened and reclassified a posteriori using these diag-
nostic criteria. Only patients for whom the date of death was not available were excluded
from this study, otherwise this study recruited all deceased PPA patients.

2.2. Data Collection

For each patient, data were collected from medical records at several time periods five
years before the first visit until death that is at five years, two years and one year before the
first visit, the day of the first visit, as well as one year, two years, five years and 10 years
after the first visit. Our follow-up strategy is illustrated in Figure 1.
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Figure 1. Follow-up strategy for data extraction.

Three of the authors (psychiatrist, neurologist, and a speech therapist) independently
screened and extracted the data for all 83 patients. Subsequently, each diagnosis and
data were reviewed, and disagreements were resolved by a consensus discussion between
the authors.



Brain Sci. 2021, 11, 1113 3 of 10

Data were collected using a standard electronic form to ensure consistency of the
appraisals and diagnosis for each patient.

For the present study, the following data were extracted from the database:

1. Socio-demographic data: gender, years of education;
2. Clinical data: diagnosis, MMSE at onset, age at symptoms onset, age at first visit, age

at diagnosis, age of death, cause of death, duration from onset to diagnosis, duration
from onset to first visit, duration from first visit to diagnosis, disease duration from
diagnosis, and disease duration from onset.

When possible, data were validated and corroborated using a semi-structured tele-
phone interview with caregivers. For the present study, 19 interviews were available.

The presence of comorbidities (i.e., cardiovascular risk factors and pulmonary risk fac-
tors) as well as intake of medication for cardiovascular conditions (hypertension, diabetes,
dyslipidemia) and psychological disorders (anxiety, depression, psychosis, hallucinations,
etc.) were extracted and all three groups were similar. Of note, some comorbidity data
were not available, and we therefore only focused on those related to cardiovascular and
pulmonary data.

2.3. Statistical Analyses

Statistical analyses were performed using the R Core Team software [14]. Mean
and standard deviations were used to present patient characteristics whereas we used
proportions to describe causes of death. A Khi-2 test was conducted for qualitative data.
A one-way analysis of variance ANOVA was conducted to compare mean values between
the three PPAs variants. A Kaplan–Meier analysis was performed to analyze survival
and completed by log rank tests to examine survival curves across diagnostic groups.
Cox’s proportional hazard regression were performed to evaluate the effect of possible
confounders. All statistical analyses were performed two-sided, and a p value of <0.05 was
considered as significant.

3. Results
3.1. Patient Characteristics

Sociodemographic and clinical characteristics of the patients are described in Table 1.
Eighty-three patients were included in the analyses: 35 lvPPA, 18 svPPA, and 30 nfvPPA.
The proportion of male and female was equivalent in each group and there was no sta-
tistically significant difference between the three PPA variants. MMSE scores at first visit
and education level were also not significantly different across the variants. However,
svPPA patients with more years of education (>12 years) were overrepresented compared
to nfvPPA and lvPPA (p = 0.012).

Table 1. Patient characteristics.

lvPPA (n = 35) nfvPPA (n = 30) svPPA (n = 18) p

Male/Female 19/16 15/15 9/9 n.s

Education years (mean ± SD) 11.7 ±4.4 11.03 ± 4.2 13.17 ± 4.1 n.s
Education level (>12 years) 15 9 12 0.026

MMSE 1st visit (mean ± SD) 21.03 ± 5.9 21.67 ± −6.8 22.35 ± 7.4 n.s
Age of onset (mean ± SD) 69.05 ± 10.8 70.13 ± 6.9 64.38 ± 7.8 n.s

Age at diagnosis (mean ± SD) 71.65 ± 10.22 73.1 ± 6.79 68.68 ± 8.5 n.s
Age of death (mean ± SD) 75.90 ± 9.5 76.8 ± 6.3 74.11 ± 8.3 n.s

n.s = not significant. SD = standard deviation.

Mean age of onset was 69.05 ± 10.8 years for lvPPA and 70.13 ± 6.9 for nfvPPA.
The mean age of onset was earlier for svPPA (64.38 ± 7.8 years), but no statistically
significant difference was found compared to lvPPA (p = 0.17) and nfvPPA (p = 0.08). No
significant differences were found regarding age of death which occurred after 74 years-old
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for each subgroup. Mean age at diagnosis did not significantly differ between the three
PPA variants.

3.2. Disease Duration

Several interval times were analyzed to describe and compare disease duration. Dura-
tion from onset was significantly longer for svPPA (p = 0.001 versus nfvPPA and lvPPA).
Disease duration since diagnosis was also longer for svPPA but a statistically significant
difference was only observed when compared with nfvPPA (p = 0.01). Diagnosis latency,
which corresponds to the mean time needed to provide a diagnosis, was significantly longer
for svPPA versus other variants. A mean of 13 ± 18 months was necessary to establish
a diagnosis of svPPA after the first visit (see Figure 2) and diagnostic latency from first
symptoms was 4.47 ± 2.03 years (see Figure 3). No differences were found between the
variants in the interval between first symptoms and first medical visit.
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3.3. Survival Analyses

Mean survival time is summarized in Table 2. Mean and estimated median survival
time in patients with svPPA were respectively 12 years and 10 years from onset to death
and 7.3 years and 7.5 years from diagnosis to death. Mean survival time in nfvPPA and
lvPPA were respectively 7.1 and 7.6 years from onset to death, and 5.6 and 4.7 years from
onset to diagnosis. Estimated median survival time was the same for both variants with
six years from onset and five years from diagnosis. Causes of death were only available
for 34 patients. The most common causes were natural cardio-pulmonary arrest (26.4%),
followed by pneumonia (23.52%), cachexia (14.7%), and bedsores infections (11.7%). Major
adverse cardiovascular events including stroke, cardiac infraction and systemic embolism
represented 11.7% of causes. Half of the pneumonia were of the aspiration subtype and
this accounted for 23% of deaths in nfvPPA.

Table 2. Mean and estimated median survival time (years).

Mean Survival Estimated Median Survival

Since Onset Since Diagnosis Since Onset Since Diagnosis

lvPPA (n = 35) 7.6
CI95%: 6.2–8.9

5.6
CI95%: 4.5–6.5

6
CI95%: 5.0–10.0

5
CI95%: 0.0–10

nfvPPA (n = 30) 7.1
CI95%: 5.9–8.3

4.7
CI95%: 3.7–7.6

6
CI95%: 6.00–7.00

5
CI95%: 0.0–10.0

svPPA (n = 18) 12
CI95%: 9.5–14.4

7.3
CI95%: 6.0–8.6

10
CI95%: 0.0–20.0)

7.5
CI95%: 5.0–10.0

CI = Confidence interval.

Survival time since onset and diagnosis were significantly longer in svPPA than in
lvPPA (p = 0.02 and p = 0.04, respectively) and nfvPPA (p < 0.0001 and p = 0.004, respectively)
(see Figure 4). A poor association was observed between age of onset and survival from
onset in lvPPA with a hazard ratio (HR) next to 1 (HR = 1.008, p = 0.019), not pertinent for
interpretation (see Table 3). No relevant confounders were associated with survival since
diagnosis (see Table 4).
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Table 3. Hazard ratios since onset.

lvPPA nfvPPA svPPA

HR (95%CI) p-Value HR (95%CI) p-Value HR (95%CI) p-Value

MMSE 1st visit 0.96
(0.89–1.03) 0.30 0.96

(0.89–1.02) 0.21 0.99
(0.89–1.10) 0.90

Age of onset 1.05
(1.00–1.08) 0.02 1.03

(0.95–1.11) 0.52 0.96
(0.86–1.07) 0.43

Years of education 1.02
(0.94–1.11) 0.56 1.02

(0.88–1.17) 0.84 0.98
(0.82–1.16) 0.81

Gender 1.36
(0.56–3.32) 0.50 0.82

(0.33–2.08) 0.68 0.46
(0.13–1.64) 0.2

HR = Hazard ratio; CI = Confidence interval.

Table 4. Hazard ratios since diagnosis.

lvPPA nfvPPA svPPA

HR (95%CI) p-Value HR (95%CI) p-Value HR (95%CI) p-Value

MMSE 1st visit 0.98
(0.92–1.06) 0.66 0.98

(0.87–1.10) 0.39 0.99
(0.89–1.10) 0.91

Age of onset 1.01
(0.98–1.06) 0.48 1.02

(0.95–1.11) 0.52 1.00
(0.91–1.09) 0.99

Years of
education

1.02
(0.94–1.10) 0.57 0.98

(0.87–1.10) 0.74 0.99
(0.82–1.20) 0.98

Gender 0.80
(0.36–1.81) 0.60 1.19

(0.49–2.84) 0.70 1.12
(0.28–4.52) 0.87

HR = Hazard ratio; CI = Confidence interval.

4. Discussion

The aim of this work was to study survival in a group of deceased PPA patients that
have been followed at our memory clinic. To date, only five studies on survival in nfvPPA
and svPPA were published [15–19]. Among these studies, only three compared the two
variants. Moreover, publication date was before the most recent classification criteria by
Gorno-Tempini and colleagues. Since 2011, no PPA survival analysis has been done and
therefore no study included patients with lvPPA. To our knowledge, this is the first survival
study including patients with the three PPA variants.

Despite the small sample size, PPA groups were representative of current practice,
where approximately 42% of patients present with lvPPA, 36% with nfvPPA, and 22%
with svPPA. Magnin et al. in 2016 [7], compared the demographical data across 2035 PPA
subjects. They proposed three samples of patients. Sample 1 included all participants
(n = 2035) and Sample 2 (n = 67) was a subgroup from Sample 1 with CSF biormarkers
available. Sample 2 was divided between two subgroups: nfvPPA/ lvPPA/unclassifiable
PPA and svPPA. Sample 3 (n = 97) was divided between lvPPA, svPPA, and nfvPPA,
and the CSF biomarkers were available for all of them. In Sample 1, the proportion of
svPPA patients represented 28.1% of the entire sample. Moreover, the repartition was
comparable across each sample with less svPPA patients [7]. Our sample also showed a
smaller proportion of svPPA patients compared to the two other variants. Moreover, the
authors estimated that nfvPPA/lvPPA/unclassifiable PPA were more frequent than svPPA
(2.2 versus 0.8/100,000 inhabitants; p < 0.00001) [7].

In this study, patients with svPPA were younger than lvPPA and nfvPPA patients
with a mean age at onset of 64 years-old, which is similar to that found in the three sur-
vival studies cited earlier. However, no statistically significant differences across the PPA
groups were found, which was also the case in the studies by Hodges et al. (2003), Nunne-
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mann et al. (2011), and Roberson et al. (2005) [15,17,18]. On the other hand, Kertesz et al.
(2007) showed a statistically significant younger age of onset in svPPA patients compared
to nfvPPA patients [16]. The same profile was highlighted concerning age at diagnosis.
Age at diagnosis was also younger in the eight natural studies of PPA including the three
variants (between 60 and 70 years) and no differences were observed across groups [19–26].
Absence of differences could be explained by small sample sizes. Indeed, no data were
available for sample sizes over 150 subjects. In Sample 1 (n = 2035) of the multicentric epi-
demiologic study published by Magnin et al. (2016) [7], the nfvPPA/lvPPA/unlassifiable
PPA group was significantly older at disease onset and at diagnosis than the svPPA group
(p < 0.00001). There was no significant differences in level of education or gender. Com-
pared to typical AD, in svPPA patients, male predominance occurred after the age of 80, the
level of education was higher, and the age of onset was younger (71.6 versus 78.61 years
old), all differences being statistically significant with a p < 0.0001. In Sample 3 (n = 97),
svPPA patients were also younger at disease onset than lvPPA patients (59.48 years-old
versus 63.72 years-old) and no differences were observed on gender and age of educa-
tion. After CSF biomarkers stratification, no significant difference was observed for age
at onset, gender, or level of education between the “PPA-AD” group and the “PPA–not
“AD” group [7].

In this study, no significant differences were observed across MMSE scores. In a study
by Ulugut et al. published in 2021 [21], MMSE score also did not differ significantly among
the PPA variants. However, lvPPA patients performed worse on executive and visuospa-
tial specific testing and svPPA performed worse on the verbal memory test at baseline.
These findings must, however, be interpreted with caution as cognitive assessment can be
strongly impacted by language abilities especially on global scores (MoCA and MMSE).
In clinical practice, it is frequent to observe a clinical dissociation between performance
on cognitive tests and level of functioning on collateral history. None of the PPA patients
were tested using specific assessment and neuropsychological tools that take into account
language impairments [27].

In the present study, diagnostic latencies since onset and since the first visit were
significantly longer for svPPA versus the other variants. Especially, the diagnostic latency
since onset was 4.47 years in svPPA versus 2.54 years in lvPPA and 2.93 years in nfvPPA.
Although latencies were not explored in PPA survival studies, several other observational
studies have found similar results. Indeed, in the analysis of Sample 3, Magnin et al. (2016)
found that the delay between first symptoms and PPA diagnosis was longer in svPPA
patients (4.48 years) compared to lvPPA (3.02 years) and nfvPPA (2.26 years) [7]. In the
study published by Van Langenhove et al. (2016), symptoms duration at baseline was
4.4 years for svPPA, compared to 2.3 and 3.5 years in nfvPPA and lvPPA, respectively [22].
Hseish et al. (2012) also found that svPPA had a mean disease duration of 4.2 years at time
of diagnosis, compared with 2.3 and 3.9 years for nfvPPA and lvPPA [26]. These results
could be explained by a more challenging recognition of the disease by the family and the
physicians. Indeed, loss of semantic knowledge can be masked by a more fluent profile
and patients are, therefore, more able to develop compensation mechanisms at the onset of
disease. Moreover, it can also be masked by the first symptoms being characterized as a
predominant memory and behavioral presentation [21].

Our survival results were compatible with findings from a meta-analysis published by
Kansal et al. in 2016, with a median survival estimated at 10 years for svPPA (Kansal et al.
showed a median svPPA survival of 12 years). In this study, we also found a significantly
longer survival time in svPPA patients. However, Kansal et al. results revealed a significant
difference only in median survival, whereas mean survival between svPPA and nfvPPA
patients did not reach statistical significance [13]. The three survival studies comparing
svPPA and nfvPPA did not show differences on survival time [15–17]. Moreover, contrary
to Kansal et al., we found higher mean survival times than median survival times for
svPPA and nfvPPA. The authors underlined this asymmetry between median and mean
survival findings in svPPA results. In their discussion, Kansal et al. suggested an artefact
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in the analysis due to the heterogeneity the included studies (sampling methods and
regional context) but they also proposed an interesting hypothesis where presence of a
negative or positive skew could be a statistical reflection of the survival profile. A negative
skew could concern a disease with young- or mid-life onset, a sufficiently long course,
with few premature deaths. In contrast, a positive skew was more likely when a disease
was characterized by a very short course, as the outliers are those with unusually long
survival. It is important to consider that the meta-analysis was first limited by the small
number of studies included, with only three comparing nfvPPA and svPPA. In the study
by Nunnemann et al. [17], median survival in the svPPA group could not be defined
because less than half of the patients had died at the end of the observational period.
Moreover, in the three studies, the sample size of died patients was extremely limited
with only nine svPPA and eight nfvPPA for Hodges et al. (2003) [15], three svPPA and
seven nfvPPA for Nunnemann et al. (2011) [17], twelve svPPA and seven nfvPPA for
Roberson et al. (2005) [18].

According to the WHO definition, years of life lost (YLL) is the age at which deaths
occur by giving greater weight to deaths at younger age and lower weight to deaths at
older age. The years of life lost (percentage of total) indicator measures the YLL due to a
cause as a proportion of the total YLL lost in the population due to premature mortality.
We did not include YLL in our survival analyses. It could have been interesting especially
for patients and their family to know which variant is associated with premature mortality.
In the meta-analysis of Kansal et al. (2016), mean YLL was significantly higher in svPPA
compared to nfvPPA (13.56 years versus 10.54 years). These results could also be overesti-
mated for svPPA because only premature deaths were analyzed for svPPA in the study of
Nunnemann et al. (2011), given that less than half of the patients had died at the end of the
observational period.

Finally, causes of death in PPA are poorly described in the current literature. In this
study, we were only able to obtain causes for 34 patients, mostly by interviews with the
caregivers. Our results were similar to the ones of Nunnemann et al. (2011) [17] with a
predominance of respiratory system disorder including aspiration pneumonia, circulatory
system disorder and cachexia. It has been our experience that a small proportion of PPA
patients develop Progressive Supranuclear Palsy and/or Corticobasal Syndrome. These
patients tend to show a poorer evolution over time. However, this study did not specifically
address this or intend to compare AD with PSP and/ or CBS.

The main limitation of this pilot work was undoubtedly the small sample size, how-
ever, of higher or comparable size to that of studies already published. Our study was also
the first to include lvPPA patients. Future multicentric studies should be conducted on
the three PPA variants to obtain results for larger sample sizes. Moreover, in this study,
few data were available regarding causes of death. Indeed, most patients died when in
long term care homes and therefore were not admitted in the hospital at the time of death.
Moreover, many came from all across the province of Quebec and their full medical record
was not available to us. Finally, most diagnoses were not confirmed by pathological au-
topsy and misdiagnosis cannot be excluded for patients diagnosed prior to the 2011 criteria.
However, our data extraction strategy was independently realized by a pluridisciplinary
team experienced in the classification of PPAs, and secondarily completed by a consensus
discussion to control for management of clinical misdiagnosis.

5. Conclusions

This is the first study to analyze survival data across the three variants of PPA accord-
ing to Gorno-Tempini’s criteria [2]. Our preliminary results tend to highlight a specific
profile for svPPA patients in comparison to the two other variants. Patients suffering
from svPPA seem to get a confirmed diagnosis later than the others but svPPA remains
characterized by the best survival time. More survival analyses, integrating the most recent
diagnostic criteria, all phenotypes and multicentric databases will be necessary to confirm
our findings. Moreover, more complete survival analyses including median and mean
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survival time, YLL, comorbidities and treatments could offer better prevention information
for patients and their caregivers by taking account premature death and their causes. To
date, these preliminary findings already provide precious data to better prepare them to
the progression of the disease and end stages of life.

Author Contributions: Conceptualization: R.L.J., M.T. and M.L.; methodology: R.L.J., M.T. and M.L.;
software: M.T.; validation: M.T., M.L. and J.d.l.S.; formal analysis: M.T.; investigation: M.T., M.L.,
J.d.l.S. and J.C.-A.; resources: M.T.; data curation: M.T., M.L., J.d.l.S. and J.C.-A.; writing—original
draft preparation: M.T.; writing—review and editing: M.T., M.L. and R.L.J.; visualization: R.L.J. and
M.L.; supervision: R.L.J.; project administration: M.T., R.L.J. and M.L.; funding acquisition: R.L.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received external funding from the La Chaire de Recherche sur les Aphasies
Primaires Progressives–Fondation de la famille Lemaire (https://app-ffl.ulaval.ca/), accessed on
15 January 2020.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by Ethics Committee of CHU de Quebec (protocol code:
2021-5406, date of approval: 9 September 2020).

Informed Consent Statement: Written Informed consent was obtained from all caregivers involved
in the study. The consent statement was not applicable because all patients included were dead.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mesulam, M.-M. Primary Progressive Aphasia. Ann. Neurol. 2001, 49, 425–432. [CrossRef]
2. Gorno-Tempini, M.L.; Hillis, A.E.; Weintraub, S.; Kertesz, A.; Mendez, M.; Cappa, S.F.; Ogar, J.M.; Rohrer, J.D.; Black, S.;

Boeve, B.F.; et al. Classification of Primary Progressive Aphasia and Its Variants. Neurology 2011, 76, 1006–1014. [CrossRef]
3. Grossman, M. Primary Progressive Aphasia: Clinicopathological Correlations. Nat. Rev. Neurol. 2010, 6, 88–97. [CrossRef]
4. Ratnavalli, E.; Brayne, C.; Dawson, K.; Hodges, J.R. The Prevalence of Frontotemporal Dementia. Neurology 2002, 58, 1615–1621.

[CrossRef]
5. Onyike, C.U.; Diehl-Schmid, J. The Epidemiology of Frontotemporal Dementia. Int. Rev. Psychiatry 2013, 25, 130–137. [CrossRef]

[PubMed]
6. Gilberti, N.; Turla, M.; Alberici, A.; Bertasi, V.; Civelli, P.; Archetti, S.; Padovani, A.; Borroni, B. Prevalence of Frontotemporal

Lobar Degeneration in an Isolated Population: The Vallecamonica Study. Neurol. Sci. 2012, 33, 899–904. [CrossRef] [PubMed]
7. Magnin, E.; Démonet, J.-F.; Wallon, D.; Dumurgier, J.; Troussière, A.-C.; Jager, A.; Duron, E.; Gabelle, A.; de la Sayette, V.;

Volpe-Gillot, L.; et al. Primary Progressive Aphasia in the Network of French Alzheimer Plan Memory Centers. J. Alzheimers Dis.
2016, 54, 1459–1471. [CrossRef] [PubMed]

8. Bergeron, D.; Gorno-Tempini, M.L.; Rabinovici, G.D.; Santos-Santos, M.A.; Seeley, W.; Miller, B.L.; Pijnenburg, Y.; Keulen, M.A.;
Groot, C.; van Berckel, B.N.M.; et al. Prevalence of Amyloid-β Pathology in Distinct Variants of Primary Progressive Aphasia.
Ann. Neurol. 2018, 84, 729–740. [CrossRef] [PubMed]

9. Moyle, W.; Murfield, J.E. Health-Related Quality of Life in Older People with Severe Dementia: Challenges for Measurement and
Management. Expert Rev. Pharm. Outcomes Res. 2013, 13, 109–122. [CrossRef] [PubMed]

10. Manuel, D.G.; Garner, R.; Finès, P.; Bancej, C.; Flanagan, W.; Tu, K.; Reimer, K.; Chambers, L.W.; Bernier, J. Alzheimer’s and Other
Dementias in Canada, 2011 to 2031: A Microsimulation Population Health Modeling (POHEM) Study of Projected Prevalence,
Health Burden, Health Services, and Caregiving Use. Popul. Health Metr. 2016, 14, 344–362. [CrossRef]

11. Moore, K.J.; Goodison, H.; Sampson, E.L. The Role of the Memory Service in Helping Carers to Prepare for End of Life: A Mixed
Methods Study. Int. J. Geriatr. Psychiatry 2019, 34, 360–368. [CrossRef]

12. Moore, K.J.; Davis, S.; Gola, A.; Harrington, J.; Kupeli, N.; Vickerstaff, V.; King, M.; Leavey, G.; Nazareth, I.; Jones, L.; et al.
Experiences of End of Life amongst Family Carers of People with Advanced Dementia: Longitudinal Cohort Study with Mixed
Methods. BMC Geriatr. 2017, 17, 135. [CrossRef]

13. Kansal, K.; Mareddy, M.; Sloane, K.L.; Minc, A.A.; Rabins, P.V.; McGready, J.B.; Onyike, C.U. Survival in Frontotemporal Dementia
Phenotypes: A Meta-Analysis. Dement. Geriatr. Cogn. Disord. 2016, 41, 109–122. [CrossRef]

14. R Foundation for Statistical Computing; R Development Core Team R. A Language and Environment for Statistical Computing;
R Development Core Team R: Vienna, Austria, 2008; ISBN 3900051070.

15. Hodges, J.R.; Davies, R.; Xuereb, J.; Kril, J.; Halliday, G. Survival in Frontotemporal Dementia. Neurology 2003, 61, 349–354.
[CrossRef]

https://app-ffl.ulaval.ca/
http://doi.org/10.1002/ana.91
http://doi.org/10.1212/WNL.0b013e31821103e6
http://doi.org/10.1038/nrneurol.2009.216
http://doi.org/10.1212/WNL.58.11.1615
http://doi.org/10.3109/09540261.2013.776523
http://www.ncbi.nlm.nih.gov/pubmed/23611343
http://doi.org/10.1007/s10072-011-0865-0
http://www.ncbi.nlm.nih.gov/pubmed/22127750
http://doi.org/10.3233/JAD-160536
http://www.ncbi.nlm.nih.gov/pubmed/27589533
http://doi.org/10.1002/ana.25333
http://www.ncbi.nlm.nih.gov/pubmed/30255971
http://doi.org/10.1586/erp.12.84
http://www.ncbi.nlm.nih.gov/pubmed/23402451
http://doi.org/10.1186/s12963-016-0107-z
http://doi.org/10.1002/gps.5034
http://doi.org/10.1186/s12877-017-0523-3
http://doi.org/10.1159/000443205
http://doi.org/10.1212/01.WNL.0000078928.20107.52


Brain Sci. 2021, 11, 1113 10 of 10

16. Kertesz, A.; Blair, M.; McMonagle, P.; Munoz, D.G. The Diagnosis and Course of Frontotemporal Dementia. Alzheimer Dis. Assoc. Disord.
2007, 21, 155–163. [CrossRef]

17. Nunnemann, S.; Last, D.; Schuster, T.; Förstl, H.; Kurz, A.; Diehl-Schmid, J. Survival in a German Population with Frontotemporal
Lobar Degeneration. Neuroepidemiology 2011, 37, 160–165. [CrossRef] [PubMed]

18. Roberson, E.D.; Hesse, J.H.; Rose, K.D.; Slama, H.; Johnson, J.K.; Yaffe, K.; Forman, M.S.; Miller, C.A.; Trojanowski, J.Q.;
Kramer, J.H.; et al. Frontotemporal Dementia Progresses to Death Faster than Alzheimer Disease. Neurology 2005, 65, 719–725.
[CrossRef] [PubMed]

19. Ferrari, C.; Polito, C.; Vannucchi, S.; Piaceri, I.; Bagnoli, S.; Lombardi, G.; Lucidi, G.; Berti, V.; Nacmias, B.; Sorbi, S. Pri-
mary Progressive Aphasia: Natural History in an Italian Cohort. Alzheimer Dis. Assoc. Disord. 2019, 33, 42–46. [CrossRef]
[PubMed]

20. Matias-Guiu, J.A.; Cabrera-Martín, M.N.; Moreno-Ramos, T.; García-Ramos, R.; Porta-Etessam, J.; Carreras, J.L.; Matías-Guiu, J.
Clinical Course of Primary Progressive Aphasia: Clinical and FDG-PET Patterns. J. Neurol. 2015, 262, 570–577. [CrossRef]
[PubMed]

21. Ulugut, H.; Stek, S.; Wagemans, L.E.E.; Jutten, R.J.; Keulen, M.A.; Bouwman, F.H.; Prins, N.D.; Lemstra, A.W.; Krudop, W.;
Teunissen, C.E.; et al. The Natural History of Primary Progressive Aphasia: Beyond Aphasia. J. Neurol. 2021, 831, 442–468.
[CrossRef]

22. Van Langenhove, T.; Leyton, C.E.; Piguet, O.; Hodges, J.R. Comparing Longitudinal Behavior Changes in the Primary Progressive
Aphasias. J. Alzheimers Dis. 2016, 53, 1033–1042. [CrossRef] [PubMed]

23. Foxe, D.; Irish, M.; Hu, A.; Carrick, J.; Hodges, J.R.; Ahmed, R.M.; Burrell, J.R.; Piguet, O. Longitudinal Cognitive and Functional
Changes in Primary Progressive Aphasia. J. Neurol. 2021, 321, 23–36. [CrossRef]

24. Rogalski, E.; Cobia, D.; Harrison, T.M.; Wieneke, C.; Weintraub, S.; Mesulam, M.-M. Progression of Language Decline and Cortical
Atrophy in Subtypes of Primary Progressive Aphasia. Neurology 2011, 76, 1804–1810. [CrossRef] [PubMed]

25. Ash, S.; Nevler, N.; Phillips, J.; Irwin, D.J.; McMillan, C.T.; Rascovsky, K.; Grossman, M. A Longitudinal Study of Speech
Production in Primary Progressive Aphasia and Behavioral Variant Frontotemporal Dementia. Brain Lang. 2019, 194, 46–57.
[CrossRef] [PubMed]

26. Hsieh, S.; Hodges, J.R.; Leyton, C.E.; Mioshi, E. Longitudinal Changes in Primary Progressive Aphasias: Differences in Cognitive
and Dementia Staging Measures. Dement. Geriatr. Cogn. Disord. 2012, 34, 135–141. [CrossRef] [PubMed]

27. Henry, M.L.; Grasso, S.M. Assessment of Individuals with Primary Progressive Aphasia. Semin. Speech Lang. 2018, 39, 231–241.
[CrossRef] [PubMed]

http://doi.org/10.1097/WAD.0b013e31806547eb
http://doi.org/10.1159/000331485
http://www.ncbi.nlm.nih.gov/pubmed/22056939
http://doi.org/10.1212/01.wnl.0000173837.82820.9f
http://www.ncbi.nlm.nih.gov/pubmed/16157905
http://doi.org/10.1097/WAD.0000000000000282
http://www.ncbi.nlm.nih.gov/pubmed/30640256
http://doi.org/10.1007/s00415-014-7608-0
http://www.ncbi.nlm.nih.gov/pubmed/25491078
http://doi.org/10.1007/s00415-021-10689-1
http://doi.org/10.3233/JAD-160010
http://www.ncbi.nlm.nih.gov/pubmed/27340847
http://doi.org/10.1007/s00415-020-10382-9
http://doi.org/10.1212/WNL.0b013e31821ccd3c
http://www.ncbi.nlm.nih.gov/pubmed/21606451
http://doi.org/10.1016/j.bandl.2019.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31075725
http://doi.org/10.1159/000342347
http://www.ncbi.nlm.nih.gov/pubmed/23006977
http://doi.org/10.1055/s-0038-1660782
http://www.ncbi.nlm.nih.gov/pubmed/29933490

	Introduction 
	Materials and Methods 
	Subjects 
	Data Collection 
	Statistical Analyses 

	Results 
	Patient Characteristics 
	Disease Duration 
	Survival Analyses 

	Discussion 
	Conclusions 
	References

