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IMPORTANCE Diagnostic incidence data for syndromes associated with frontotemporal
lobar degeneration (FTLD) in multinational studies are urgent in light of upcoming
therapeutic approaches.

OBJECTIVE To assess the incidence of FTLD across Europe.

DESIGN, SETTING, AND PARTICIPANTS The Frontotemporal Dementia Incidence European
Research Study (FRONTIERS) was a retrospective cohort study conducted from June 1, 2018,
to May 31, 2019, using a population-based registry from 13 tertiary FTLD research clinics from
the UK, the Netherlands, Finland, Sweden, Spain, Bulgaria, Serbia, Germany, and Italy and
including all new FTLD-associated cases during the study period, with a combined catchment
population of 11023 643 person-years. Included patients fulfilled criteria for the behavioral
variant of frontotemporal dementia (BVFTD), the nonfluent variant or semantic variant of
primary progressive aphasia (PPA), unspecified PPA, progressive supranuclear palsy,
corticobasal syndrome, or frontotemporal dementia with amyotrophic lateral sclerosis
(FTD-ALS). Data were analyzed from July 19 to December 7, 2021.

MAIN OUTCOMES AND MEASURES Random-intercept Poisson models were used to obtain
estimates of the European FTLD incidence rate accounting for geographic heterogeneity.

RESULTS Based on 267 identified cases (mean [SD] patient age, 66.70 [9.02] years; 156 males
[58.43%]), the estimated annual incidence rate for FTLD in Europe was 2.36 cases per

100 000 person-years (95% Cl, 1.59-3.51 cases per 100 000 person-years). There was a
progressive increase in FTLD incidence across age, reaching its peak at the age of 71 years,
with 13.09 cases per 100 000 person-years (95% Cl, 8.46-18.93 cases per 100 000
person-years) among men and 7.88 cases per 100 000 person-years (95% Cl, 5.39-11.60
cases per 100 000 person-years) among women. Overall, the incidence was higher among
men (2.84 cases per 100 000 person-years; 95% Cl, 1.88-4.27 cases per 100 000
person-years) than among women (1.91 cases per 100 000 person-years; 95% Cl, 1.26-2.91
cases per 100 000 person-years). BVFTD was the most common phenotype (107 cases
[40.07%)]), followed by PPA (76 [28.46%]) and extrapyramidal phenotypes (69 [25.84%]).
FTD-ALS was the rarest phenotype (15 cases [5.62%]). A total of 95 patients with FTLD
(35.58%) had a family history of dementia. The estimated number of new FTLD cases

per year in Europe was 12 057.

CONCLUSIONS AND RELEVANCE The findings suggest that FTLD-associated syndromes are
more common than previously recognized, and diagnosis should be considered at any age.
Improved knowledge of FTLD incidence may contribute to appropriate health and social care
planning and in the design of future clinical trials.
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rontotemporal lobar degeneration (FTLD) is a complex

family of neuropathological conditions characterized by

aspectrum of focal neurodegeneration with atrophy of the
frontal and temporal lobes and a wide range of clinical, genetic,
and neuropathological features.' Different clinical phenotypes
have been classically defined on the basis of presenting clinical
symptoms: the behavioral variant of frontotemporal dementia
(BVFTD), with early behavioral and personality changes?; the
nonfluent variant of primary progressive aphasia (NFVPPA), with
progressive deficits in speech, grammar, and word output; and
the semantic variant of PPA (SVPPA), a progressive disorder of
semantic knowledge and naming.®> Progressive supranuclear
palsy (PSP),° corticobasal syndrome (CBS),” and frontotempo-
ral dementia with amyotrophic lateral sclerosis (FTD-ALS) are also
usually caused by subtypes of FTLD.®

Inrecent years, the adoption of operationalized clinical di-
agnostic criteria,*” the growing use of robust biomarkers aimed
to exclude Alzheimer disease (AD),° and the ever-improving
description of imaging features related to different clinical
phenotypes'® have prompted a wider awareness and recog-
nition of FTLD-associated syndromes. This in turn may have
increased the estimated incidence of this group of rare dis-
eases. However, few studies assessing FTLD incidence are
available.!!2 Some studies have been restricted to age-
delimited populations or specific phenotypes in isolation or
carried out considering outdated diagnostic criteria (before cur-
rent consensus guidelines for each FTLD-related disorder).”**>
While some studies focused only on the FTLD incidence be-
low the age of 70 years'* or FTLD prevalence below the age of
65 years,'* a population-based study considering the whole age
spectrum and updated diagnostic criteria estimated FTLD-
related incidence to be 1.61 per 100 000 person-years.!?

In light of recent developments in pharmacological and
nonpharmacological treatment approaches!'®'° and in order to
promote appropriate public health service policies, it is essen-
tial to quantify the incidence and prevalence of FTLD-associated
disorders. This observation prompted the formation of the
Frontotemporal Dementia Incidence European Research Study
(FRONTIERS), a collaborative European research initiative aimed
atassessing FTLD incidence across Europe, aligning multinational
population-based disease registries.2°

In the present retrospective analysis, FRONTIERS aimed
to address 6 critical issues in the field: (1) to assess the inci-
dence of FTLD-related disorders across Europe; (2) to assess
the geographic heterogeneity of the disease presentations; (3)
to define age- and sex-specific incidence rates of FTLD; (4) to
describe the distribution of different FTLD phenotypes, re-
lated clinical features, and phenotype heterogeneity; (5) to as-
sess the frequency of a positive family history across pheno-
types; and (6) to estimate the numbers of new cases in Europe
on the basis of the data obtained.

Methods

FRONTIERS Centers and Study Design
This retrospective cohort study was based on data collected
in 13 population-based FTLD registries across 9 European coun-
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Key Points

Question How common is frontotemporal lobar degeneration
(FTLD) in Europe, by age and sex?

Findings In this cohort study of 267 identified FTLD cases from
13 specialist FTLD research clinics in 9 European countries that
drew a combined catchment population of 11023 643
person-years, the incidence of FTLD reached its peak

at the age of 71 years and was higher among males than females.

Meaning The findings suggest that public health policies should
consider FTLD-associated disorders as more common than
previously described, and FTLD diagnosis should be considered
atany age.

tries: Bulgaria, Finland, Germany, Italy, the Netherlands, Ser-
bia, Spain, Sweden, and the UK (eFigure 1 in Supplement 1).
In 4 countries (Italy, Finland, Germany, and the Netherlands),
the registries are split into 2 distinct administrative areas. In
the present study, we did not include data from Dublin, Ire-
land, a center within the FRONTIERS network, because of ad-
ministrative constraints. Each tertiary referral center was se-
lected on the basis of both long-lasting experience in the FTLD
field and the ability to cover a well-defined geographical area
with comprehensive referral pathways.?° FRONTIERS inves-
tigators carried out patient assessments. To ensure that each
case had been evaluated by the referral center, additional
sources of information, such as other hospitals or dementia
centers in the referral geographic area, local lay associations,
and charities, were contacted. The presence of national health
systems with free public medicine in most of the participat-
ing countries meant that nearly the entire population of those
with FTLD-associated disorders was likely to be visited at some
stage duringillness and thus to be ascertained by their respec-
tive registry. Using the described system for inception of cases,
we identified all residents in the registries’ catchment popu-
lations over a 1-year period from June 1, 2018, to May 31, 2019.
Written informed consent was obtained from all participants
or caregivers according to the Declaration of Helsinki.?! The
central ethics committee in Lecce and the local ethics com-
mittee at each site approved the study protocol. The study was
compliant with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) and Standards of
Reporting of Neurologic Disorders?? guideline requirements.

Participants and Inclusion and Exclusion Criteria

Patients with anew FTLD-related diagnosis in the defined as-
certainment time window and in the defined geographical
boundaries were considered. Diagnosis was made by
FRONTIERS investigators according to standard procedures at
each tertiary referral center, including clinical examination,
standardized neuropsychological assessment at each site,
structural or functional imaging, and in selected cases, assess-
ment of cerebrospinal fluid biomarkers to exclude AD and/or
genetic screening. Patients fulfilling current clinical criteria and
with features indicating BVFTD, NFVPPA or SVPPA, PSP, CBS,
or FTD-ALS were considered.*® FRONTIERS included mixed
or indeterminate PPA with negative AD markers (unspecified

jamaneurology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.5128?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.5128
https://www.equator-network.org/reporting-guidelines/strobe/
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.5128

Incidence of Syndromes Associated With Frontotemporal Lobar Degeneration in Europe

PPA) but did not include the logopenic variant of PPA, as the
majority of logopenic PPA cases have AD as the underlying
pathology. Moreover, patients in a prodromal stage or asymp-
tomatic patients with FTLD-associated pathogenetic se-
quence variations were excluded.??

FRONTIERS achieved consensus on a standardized set of
data recorded by each center, which were checked and con-
firmed by the coordinating center (G.L.). Family history was
assessed according to the modified Goldman score (GS), rang-
ing from 1-4 with 1 indicating an autosomal dominant inheri-
tance pattern and 4 indicating no known family history of neu-
rodegenerative disorders (eMethods in Supplement 1).24
Disease severity at the time of diagnosis was measured by the
Clinical Dementia Rating (CDR) Dementia Staging Instru-
ment plus behavior and language domains from the National
Alzheimer Coordinating Center and Frontotemporal Lobar De-
generation modules (CDR plus NACC FTLD) sum of boxes
(range, 0-24, with higher scores indicating more severe
disease).?> Age at estimated time of symptom onset and age
at diagnosis were recorded. Disease duration at diagnosis
was the period between symptom onset (based on patient
and/or informant report) and the diagnosis of an FTLD-
associated syndrome.

Inclusion criteria were the following: (1) participant was
aged 18 years or older; (2) participant fulfilled current clinical
criteria of the FTLD spectrum*8; (3) diagnosis of the FTLD-
related disorder was made in the referral period of the cur-
rent retrospective study; (4) participant was living in a refer-
ral geographical area selected in each country for the purpose
of the present study; (5) participant had an identified infor-
mant if necessary; and (6) participant had no significant
medical or psychiatricillness, such as major depression, schizo-
phrenia, or bipolar disorder.

Statistical Analysis

Patients’ characteristics were reported as the mean and stan-
dard deviation or median and range for quantitative vari-
ables and as the frequency and percentage for categorical
variables. The Kruskal-Wallis test, followed by the post hoc
Dunn test with Bonferroni-adjusted P values, was used to
compare the GS distribution between FTLD subtypes. Inci-
dence rates were computed as the ratio of the number of
new FTLD cases recorded in 1 year to the number of resi-
dents in the area (approximation for the number of person-
years spent at risk by the population of interest in 1 year).
Incidence rates were computed for each combination of age
group (5-year age categories, with the last category =90
years), sex (male, female), and residence area (13 catchment
areas). Incidence rates were reported as the number of cases
per 100 000 person-years along with their 95% Cls based on
T distribution.

In order to model the FTLD incidence rate based on age
and sex, we fitted arandom-intercept Poisson model with the
number of cases as the dependent variable and the logarithm
of the number of residents as the offset. A random intercept
was included for each residence area to account for heteroge-
neity (details of the model are reported in the eMethods in
Supplement 1). We considered the incidence rate per 100 000
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person-years derived from the fixed effects only as a sum-
mary measure representing the incidence rate of the average
European region. Confidence intervals for the average re-
gion’s incidence rate by age (0-120 years) and sex were ob-
tained by parametric bootstrapping using the bootMer func-
tion (Imer R package; R Project for Statistical Computing) with
100 bootstrapped data sets.

We also fitted an intercept-only random-intercept Pois-
son model with the same characteristics. Consistently, the
exponentiated intercept was interpreted as an overall sum-
mary measure of the European FTLD incidence rates. A
random-intercept Poisson model with only sex (or age
group) as the covariate was instead used to investigate sex
(or age) differences and estimate the sex-specific (or age-
specific) average European FTLD incidences. The average
European incidence rate was estimated and the sex differ-
ences were investigated for the 4 FTLD diagnostic groups
separately (BVFTD, CBS or PSP, FTD-ALS, and PPA) using the
same methods.

The 2013 European Standard Population?® with 19 age
bands, as available in the esp2013 function of the PHEindica-
tormethods R package, was used as standard. Directly stan-
dardized rates and 95% I' CIs*>” were computed using the func-
tion dsr from the dsr R package.?® All analyses were conducted
using R, version 4.0.3, and RStudio, version 1.1.456 (RStudio,
PBC). Two-sided P < .05 was considered significant. Data were
analyzed from July 19, to December 7, 2021.

. |
Results

Incidence of FTLD in Europe

Overall, 267 incident cases (mean [SD] patient age, 66.70
[9.02] years; 111 females [41.57%] and 156 males [58.43%])
were identified in the 13 European residence areas (demo-
graphic features are shown in Table 1). The incidence of
FTLD in each of the 13 catchment areas is shown in Table 2.
The overall incidence rate was comparable in 9 out of 13 cen-
ters (69.23%), with incidence-rate estimates ranging from
1.77 cases per 100 000 person-years (95% CI, 1.20-2.51 cases
per 100 000 person-years) to 4.40 cases per 100000
person-years (95% CI, 3.07-6.12 cases per 100 000 person-
years). The lowest estimated incidence rates were found in
the Netherlands (Zuid-Holland Zuid: 0.44 cases per 100 000
person-years; 95% CI, 0.05-1.58 cases per 100 000 person-
years; Rotterdam Rijnmond: 0.84 cases per 100 000 person-
years; 95% CI, 0.42-1.51 cases per 100 000 person-years) and
in Stockholm, Sweden (0.83 cases per 100 000 person-years;
95% CI, 0.36-1.63 cases per 100 000 person-years), whereas
the highest incidence rate was found in 1 of the 2 catchment
areas of Finland, that is, Northern Savo (8.14 cases per
100 000 person-years; 95% CI, 4.97-12.58 cases per 100 000
person-years) (eFigure 2 and eTable in Supplement 1). The
combined catchment population of the 13 FTLD registries
was 11023 643 person-years. The average European inci-
dence rate of FTLD was estimated to be 2.36 cases per
100 000 person-years (95% CI, 1.59-3.51 cases per 100 000
person-years).
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Table 1. Demographic Features and Goldman Scores in Frontotemporal Lobar Degeneration Subtypes

Incident cases

CBS or PSP
Feature BVFTD (n = 107) PPA (n = 76) (n = 69) FTD-ALS (n = 15) Total (N = 267) Abbreviations: AD, Alzheimer
Age, mean (SD), y 64.19 (10.10) 67.12 (7.63) 70.38(7.32)  65.53(9.10) 66.70 (9.02) disease; BVFTD, behavioral variant
Sex, No. (%) of frontotemporal dementia;
CBS, corticobasal syndrome;
Female 45 (42.06) 31(40.79) 30(43.48) 5(33.33) 111 (41.57) CDR plus NACC FTLD, Clinical
Male 62 (57.94) 45(59.21) 39(56.52) 10 (66.67) 156 (58.43) Dementia Rating Dementia Staging
Educational level, y Instrument plus behavior and
o . language domains from the National
Missing data, No. (%) 9 (8.41) 4 (5.26) 10 (14.49) 1(6.67) 24 (8.99) Alzheimer Coordinating Centre and
Mean (SD) 11.50(3.74) 11.93(3.31) 10.64 (4.18)  12.00(3.88) 11.45(3.75) Frontotemporal Lobar Degeneration

Disease duration,
mean (SD), mo

36.89 (21.53) 33.41(19.38) 33.23(19.77)

modules; FTD-ALS, frontotemporal

20.93 (15.04)
dementia with amyotrophic lateral

34.06 (20.39)

AD ruled out, No. (%)° 49 (45.79) 28(36.84) 15(1.74)>  7(46.67) 99 (37.08) sclerosis; PPA, primary progressive
o aphasia; PSP, progressive
Goldman score, No. (%) supranuclear palsy.
1 7 (6.54) 1(1.32) 1(1.45) 1(6.67) 10 (3.75) > Ruled out by either cerebrospinal
2 9(8.41) 3(3.95) 1(1.45) 1(6.67) 14 (5.24) fluid markers (amyloid-B, tau,
3 17 (15.89) 5 (6.58) 6(8.70) 0(0.00) 28(10.49) and P-tau), positron emission
tomography image negative for
3.5 14 (13.08) 18 (23.68) 10 (14.49) 1(6.67) 43 (16.10) amyloid, demonstration of
4 60 (56.07) 49 (64.47) 51(73.91) 12 (80.00) 172 (64.42) FTLD-related pathogenetic
CDR plus NACC FTLD sequence variations, or following
sum of boxes autopsy.
Missing, No. (%) 15 (14.02) 7(9.21) 7(10.14) 3(20.00) 32(11.99) ®AD ruled out for 11 of the 27 CBS
0
Median (range) 6.0(1.0-20.0)  3.0(0.5-21.0) 3.5(0.5-23.0) 4.5(1.0-20.0)  4.0(0.5-23.0) cases (40.74%) and for 4 of the

42 PSP cases (9.52%).

Table 2. Raw and Age-Standardized Incidence of FTLD per 100 000 Person-Years by Catchment Area

Standardized

Incidence (95% Cl),  incidence (95% Cl),
Cases, No. Denominator, cases per 100 000 cases per 100 000
Registry Catchment area (N =267) person-years  person-years person-years®
Italy Lecce 35 795134 4.40 (3.07-6.12) 3.79 (2.64-5.27)
Brescia 30 1265954 2.37 (1.60-3.38) 2.26 (1.53-3.23)
Finland Northern Ostrobothnia 17 412161 4.12 (2.40-6.60) 4.16 (2.42-6.68)
Northern Savo 20 245602 8.14 (4.97-12.58) 7.01 (4.24-10.91)
Spain Donostialdea 15 388091 3.87(2.16-6.37) 3.50(1.95-5.79)
Bulgaria Sofia City and Sofia Region 52 1557161 3.34 (2.49-4.38) 3.52(2.62-4.62)
Serbia Belgrade and Vojvodina 40 1690193 2.37 (1.69-3.22) 2.25(1.60-3.07)
UK Cambridgeshire and Norfolk 31 1753964 1.77 (1.20-2.51) 1.70(1.15-2.41)
The Zuid-Holland Zuid 2 456891 0.44 (0.05-1.58) 0.42 (0.05-1.52)
EARRRIRE e e 11 1305717 0.84(0.42-1.51)  0.88(0.44-1.58)
Sweden Stockholm 8 967 160 0.83(0.36-1.63) 1.02 (0.44-2.00) Abbreviation: FTLD, frontotemporal
Germany Ulm 4 126 476 3.16(0.86-8.10)  3.25(0.86-8.45) lobar degeneration.
Neu-Ulm 2 59139 338(0.41-1222) 3.23(0.39-11.69) Curopeanstandard Population

2013.

Age- and Sex-Specific FTLD Incidence Rates

European FTLD incidence was different between sexes.
The estimated European incidence was 1.91 cases per 100 000
person-years (95% CI, 1.26-2.91 cases per 100 000 person-
years) among women and 2.84 cases per 100 000 person-
years (95% CI, 1.88-4.27 cases per 100 000 person-years)
among men (P = .001).

FTLD incidence increased with age, reaching its peak at
the age of 71 years with an incidence rate of 13.09 cases per
100 000 person-years (95% CI, 8.46-18.93 cases per 100 000
person-years) among men and 7.88 cases per 100 000
person-years (95% CI, 5.39-11.60 cases per 100 000 person-
years) among women (Figure). The estimated variance of the
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random effect in the random-intercept model with age and
sex as covariates was 0.35 (95% CI, 0.13-1.02), indicating the
presence of variability across the registries. Per the age- and
sex-specific European incidence estimates, we expect 12 057
new FTLD cases each year in Europe based on the European
Union 28 countries population size and age-sex structure
(January 1, 2019).2°

Phenotypes Distribution and Clinical Features

of FTLD in Europe

Overall, the most common phenotype was BVFTD, diagnosed
in 107 cases (40.07%). Language phenotypes represented 76
incident cases (28.46%), with NFVPPA in 33 patients (12.36%),
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Figure. Sex- and Age-Specific Incidence Rates of Frontotemporal
Lobar Degeneration in Europe per 100 000 Person-Years

25+

Female

207 Male

154

10

Incidence rate per 100 000 person-years

0 20 40 60 80 100
Age,y

Estimates were derived from the fixed effects of a random-intercept Poisson
model including age (cubic polynomial) and sex as covariates and a random
intercept for residence area. Shading indicates 95% bootstrapped Cls.

SVPPA in 23 (8.61%), and an unspecified PPA subtype in 20
(7.49%). Extrapyramidal phenotypes were diagnosed in 69
cases (25.84%), with PSPin 42 (15.73%) and CBS in 27 (10.11%).
FTD-ALS was the rarest phenotype, found in 15 patients
(5.62%).

The youngest age at diagnosis was 21 years (BVFTD), while
the oldest was 87 years (PSP). The median disease duration
from onset to diagnosis was 29 months (range, 2-122 months),
with the highest median disease duration found for SVPPA
(median, 36 months; range, 14-96 months) and BVFTD (me-
dian, 35 months; range, 6-101 months). Disease severity at
diagnosis, measured with the median CDR plus NACC FTLD
sum of boxes, was 4 (range, 0.5-23), the highest being in the
BVFTD group (median, 6; range, 1-20).

We further explored the time of a switch from the pre-
dominant phenotype at onset to the development of a sec-
ond cluster of symptoms. The median time to develop a sec-
ond cluster of symptoms was 12 months (range, 0-72 months)
and was particularly short in NFVPPA (median, 8.5 months;
range, 0-24 months) and CBS (median, 9 months; range,
0-48 months).

FTLD inheritance was measured with the GS, with 95 pa-
tients (35.58%) presenting a family history for dementia
(GS < 4) and 24 (8.99%) presenting either autosomal domi-
nant disorder (GS = 1; 10 patients [3.75%]) or familial aggrega-
tion of 3 or more affected relatives (GS = 2; 14 patients [5.24%]).
We found a statistically significant difference in the degree of
heritability among FTLD subtypes (x?, 9.97; P = .02), with
lower GS (ie, higher heritability) in BVFTD as compared with
CBS or PSP (Z, -2.87; adjusted P = .02) (Table 1).

The estimated European average incidence of each clini-
cal phenotype per 100 000 person-years is reported in
Table 3. The FTLD subtype characterized by the largest inci-
dence variability across European registries was the CBS or
PSP phenotype (random-intercept variance, 1.94), while the
one with the smallest variability was PPA (random-intercept
variance, 0.15).
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|
Discussion

In this retrospective study, we present, to our knowledge,
the first multinational effort to estimate the incidence of
FTLD-associated disorders in Europe. The data collected in
13 well-defined geographical areas across 9 countries over a
period of 1 year drew on a pooled catchment population of
more than 11000 000 people.

The diagnosticincidence of FTLD-associated disorders was
more than 2 cases per 100 000 person-years, with 9 out of 13
registries in the range between 1.77 and 4.40 cases per 100 000
person-years. Indeed, from a geographical point of view,
estimated FTLD incidence captured a relative homogeneity
among different countries, with the exception of 1 district sur-
veyed in Finland (Northern Savo) with the highest incidence
rate and comparatively low incidence rates found in the Neth-
erlands and Sweden. As recently demonstrated, the high rate
found in Northern Savo may be linked to the prevalence
of C9orf72 sequence variations specifically found in this
area, as compared with other Finnish areas (ie, Northern
Ostrobothnia).3° Conversely, the low incidence detected in the
Netherlands and in Stockholm might be due to incomplete as-
certainment and nonuniform assessments in place across
registries, which could also influence bias toward specific
phenotypes. This interpretation needs to be confirmed in fu-
ture prospective studies.

The second aim of the present study was to assess age- and
sex-specific FTLD incidence. A relevant finding of this study
was that more than 60% of patients were 65 years or older, with
an incidence peak at the age of 71 years. This age distribution
was comparable with previous population-based studies,*?
further suggesting that FTLD cannot be merely considered pre-
senile neurodegenerative dementia but that its diagnosis
should be considered at any age. In older age groups, greater
awareness of late-onset FTLD and the use of biological mark-
ers may be especially important in order to avoid misidenti-
fication with AD. Indeed, the age distribution in FRONTIERS
differed from autopsy series and clinical-based series,"> which
typically do not take into account reference data of the source
populations.

In terms of sex differences, FTLD diagnostic incidence was
found to be higher in male than in female patients. This was
to be expected, although sex has not been shown to be a bio-
logical determinant in FTLD based on previous population-
based studies in Europe and the US. In the Rochester study,
for example, the gap between males and females in terms of
FTLDincidence increased after the year 2000.%! Similarly, the
incidence of ALS, a disease that shares genetic risk factors
with FTLD, including C9orf72 pathogenetic sequence varia-
tions, is generally higher in males.?? The structural heteroge-
neity of FTLD needs to be further explored, with sex as a
possible determinant,>® even though referral biases cannot
be excluded.

Another task of the present work was to establish FTLD
phenotype distribution, a goal that may only be examined in
population-based studies considering new cases over a pe-
riod of time and that cannot be evaluated in prevalent clinical-
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Table 3. European Incidence Rate of FTLD Phenotype Cases per 100 000 Person-Years®

Total Rate (95% Cl), cases per 100 000 person-years

Rate (95% Cl), cases per Random-intercept

Random-intercept variance,

Phenotype 100 000 person-years variance Male Female sex-adjusted model
BVFTD 0.83(0.52-1.32) 0.48 0.99 (0.60-1.62) 0.67 (0.40-1.13) 0.48
PPA 0.61 (0.42-0.88) 0.15 0.74 (0.49-1.12) 0.48 (0.31-0.76) 0.15
CBS or PSP 0.51(0.22-1.20) 1.94 0.59 (0.25-1.41) 0.44 (0.18-1.06) 1.93
FTD-ALS 0.11 (0.05-0.26) 0.81 0.16 (0.06-0.39) 0.08 (0.03-0.23) 0.80

Abbreviations: BVFTD, behavioral variant frontotemporal dementia; CBS, corticobasal syndrome; FTD-ALS, frontotemporal dementia with amyotrophic lateral
sclerosis; FTLD, frontotemporal lobar degeneration; PPA, primary progressive aphasia; PSP, progressive supranuclear palsy.

2 Estimates of incidence and sex-specific incidence are derived from random-intercept Poisson models. The estimated variance of the random intercept (measure of

incidence heterogeneity across registries) is also reported.

based studies. We found that BVFTD was the most common
phenotype, followed by comparable rates in language and ex-
trapyramidal variants; FTD-ALS was found to be a rare phe-
notype. Phenotypic diagnosis within the FTLD spectrum re-
mains challenging, considering the relatively early occurrence
of symptoms belonging to other phenotypes, as demon-
strated even by the present series. Interestingly, among FTLD
subtypes, PPA and CBS or PSP were characterized by the small-
estand the highest variance in incidence of diagnosis, respec-
tively, across the European registries. This result could be ex-
plained by a higher degree of robustness of diagnostic criteria
for PPA compared with CBS or PSP across centers, by possible
differences in coverage of movement-disorders phenotypes
across referral centers, or by real heterogeneity in terms of
new case occurrence of CBS or PSP phenotypes (or by a com-
bination of these factors).

In the same vein, the proportion of familial aggregation
may be properly addressed only in incident population-
based studies. We found a high proportion of patients with posi-
tive family history as measured with the GS, with 35.58% of
patients presenting family history for dementia and almost
9% of patients showing high familial aggregation. Thisisinline
with previous reports from a cohort study,** but only future
prospective population-based surveys considering extensive
genetic screening may define the rate of monogenic disease
and the rate of the different pathogenetic sequence varia-
tions within the FTLD spectrum. Moreover, integrating popu-
lation-based data with findings from European cohort stud-
ies, such as Genetic Frontotemporal Dementia Initiative
(GENFI),*® may give further insights into monogenic disease.

Strengths and Limitations

The main strength of the present study is the large and mul-
tinational population-based approach using registries with a
design seeking to minimize diagnostic differences through
shared diagnostic published criteria. All FTLD diagnoses
were finalized in clinical centers with expertise in
FTLD-associated disorders. The presence of a public health
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system and multiple sources of case detection in the desig-
nated geographic areas are key elements to support complete
case ascertainment, a linchpin in population-based registry
studies. We also used complex and advanced statistical meth-
ods to summarize information from different registries, prop-
erly accounting for the intrinsic heterogeneity.

We acknowledge that this work also has limitations. First,
FTLD-associated disorders are rare and heterogeneous con-
ditions. Some cases may have been missed or misdiagnosed,
and this is especially true for cases with behavioral presenta-
tion that may overlap with psychiatric disorders or move-
ment disorders.?® Second, there will be people whose pheno-
typic expression of FTLD is not one of the classic disorders
described here (eg, ataxia, Parkinson disease mimics, pri-
mary amnestic syndromes, or psychotic depression). Third,
tracking small numbers of incident cases and defining an
appropriate source population are extremely challenging tasks.
For this reason, FRONTIERS relied on the reconstructed co-
hort design, using case information from a well-defined geo-
graphic region collected through a complex surveillance
system and administrative data about the population struc-
ture, to identify a theoretical cohort of interest.>”

. |
Conclusions

The findings of this multinational European study suggest
that FTLD-associated disorders are more common than pre-
viously described, and their diagnosis needs to be consid-
ered also in the elderly, beyond the age of 70 years. We esti-
mated that the projected number of newly diagnosed FTLD
cases in Europe is approximately 12 000 per year. This is a
substantial burden on the European health and welfare sys-
tem that should be seriously considered to provide appropri-
ate health and social care planning and to design future
clinical trials. Further confirmatory prospective studies and
further studies with similar design in different geographic
areas are needed.
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