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Abstract

INTRODUCTION: We aimed to expand the range of the frontotemporal dementia

(FTD) phenotypes assessed by the Clinical Dementia Rating Dementia Staging Instru-

ment plus National Alzheimer’s Coordinating Center Behavior and Language Domains

(CDR plus NACC FTLD).

METHODS: Neuropsychiatric and motor domains were added to the standard CDR

plusNACCFTLDgenerating a newCDRplusNACCFTLD-NMscale. Thiswas assessed

in 522 mutation carriers and 310 mutation-negative controls from the Genetic

Frontotemporal dementia Initiative (GENFI).

RESULTS: The new scale led to higher global severity scores than the CDR plus

NACCFTLD: 1.4% of participants were now considered prodromal rather than asymp-

tomatic, while 1.3% were now considered symptomatic rather than asymptomatic or
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prodromal. No participants with a clinical diagnosis of an FTD spectrum disorder were

classified as asymptomatic using the new scales.

DISCUSSION: Adding new domains to the CDR plus NACC FTLD leads to a scale that

encompasses the wider phenotypic spectrum of FTD with further work needed to

validate its usemore widely.

KEYWORDS
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Highlights

∙ The new Clinical Dementia Rating Dementia Staging Instrument plus National

Alzheimer’s CoordinatingCenter Behavior and LanguageDomains neuropsychiatric

and motor (CDR plus NACC FTLD-NM) rating scale was significantly positively cor-

related with the original CDR plus NACC FTLD and negatively correlated with the

FTDRating Scale (FRS).

∙ No participants with a clinical diagnosis in the frontotemporal dementia spectrum

were classified as asymptomatic with the new CDR plus NACC FTLD-NM rating

scale.

∙ Individuals had higher global severity scores with the addition of the neuropsychi-

atric andmotor domains.

∙ A receiver operating characteristic analysis of symptomatic diagnosis showed

nominally higher areas under the curve for the new scales.

1 BACKGROUND

Frontotemporal dementia (FTD) is a progressive neurodegenerative

disorder that results in behavioral, cognitive, motor, and functional

deficits. Disease severity is usually measured using either the Clin-

ical Dementia Rating Dementia Staging Instrument plus National

Alzheimer’s Coordinating Center Behavior and Language Domains

(CDR plus NACC FTLD)1–3 or the FTD Rating Scale (FRS).4,5 However,

neither fully encompass all the multi-domain deficits that are found

in FTD.6–8 This has become increasingly important in recent years as

disease-modifying drugs are developed, with trials commonly using

the CDR plus NACC FTLD and FRS as either outcome measures or as

methods of stratification.9

Previous work from our group has investigated the lack of motor

and neuropsychiatric elements within clinical rating scales 7,8 using

data from the Genetic Frontotemporal Initiative (GENFI) study, which

studies the familial forms of FTD, particularly those with mutations in

progranulin (GRN), chromosome 9 open reading frame 72 (C9orf72),

and microtubule-associated protein tau (MAPT).10 This work shows

that a single motor score can incorporate the clinical symptoms of

parkinsonism and amyotrophic lateral sclerosis (ALS) seen across the

FTD spectrum.7 Similarly, a single neuropsychiatric score is required,

but including only psychotic features of hallucinations and delusions,

and excluding affective symptoms (which fluctuate longitudinally) and

other neuropsychiatric features which load with the core behavioral

disturbances seen in FTD.8 We now aim to add both of these novel

components to the original CDRplusNACCFTLD scale, alongside a re-

evaluation of the language element. The goal of the study is to extend

the phenotypic spectrum assessed by the scale, aiming to improve its

use as both a staging and outcome measure in forthcoming clinical

trials.

2 METHODS

2.1 Participants

Participants were recruited from the fifth data freeze of the GENFI

study between January 20, 2012 and May 30, 2019, including sites

in the UK, Canada, Belgium, Germany, France, Italy, the Netherlands,

Portugal, Spain, and Sweden.

The standardized GENFI clinical assessment included a history,

examination, cognitive assessment (includingMini-Mental State Exam-

ination [MMSE]), FRS, and the CDR plus NACC FTLD rating scale.

Mutation carriers were classified into asymptomatic, prodromal, or

symptomatic if they scored 0, 0.5, or ≥ 1, respectively, on the CDR plus

NACC FTLD global score.

All mutation carriers with baseline clinical data were included: 522

in total, consisting of 221 C9orf72, 213 GRN, and 88 MAPT muta-

tion carriers (CDR plus NACC FTLD 0 = 291 [55.7%], 0.5 = 82
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[15.7%], ≥ 1 = 149 [28.5%]). Based on clinician judgement, 165 indi-

viduals were classed as symptomatic, and 357 mutation carriers were

identified as unaffected (i.e., not yet symptomatic). The control group

consisted of 310 mutation-negative family members with a CDR plus

NACCFTLDglobal scoreof<1.Demographics of the groups are shown

in Table 1.

2.2 Rating scale analysis

As part of the GENFI clinical assessment, the CDR plus NACC FTLD

was administered as per standard protocol (interviewing both the par-

ticipant and an informant separately) including the core cognitive and

functional domain items from theCDR (memory, orientation, judgment

and problem solving, community affairs, hobbies, personal care), and

the two clinician judgment (global) scores from the NACC FTLD for

behavior and language.

Additionally, the GENFI study includes a set of questionnaires con-

sisting of individual behavior, language, neuropsychiatric, and motor

symptoms as well as overall global scores for neuropsychiatric and

motor features, each scored using a symptom severity scale along

the lines of that used in the CDR, that is, 0 (absent), 0.5 (very

mild/questionable), 1 (mild), 2 (moderate), and 3 (severe). Of note, for

themotor features thequestionnaire only includes reported symptoms

and not signs found on physical examination.

Prior work from our group has examined the optimal methods

for adding both neuropsychiatric and motor components,7,8 suggest-

ing that the neuropsychiatric score should consist of only psychosis

features (i.e., only delusions and visual/auditory hallucinations), and

the motor component should be a single score encompassing all the

motor symptoms in the GENFI questionnaire. Hence, while there

was a global score that could be used for motor symptoms in the

current study, there was no global score available for the neuropsy-

chiatric component. We therefore used an algorithm-derived score

which consisted of only the individual psychosis symptoms.8 Adding

these two scores to the CDR plus NACC FTLD led to a new scale,

which we refer to as the CDR plus NACC FTLD-NM. As with the other

CDR scores, both a global score (using the scoring rules outlined in

Table S1 in supporting information) and sumof boxes (SOB) scorewere

calculated.

In previous work we have also examined whether it may be helpful

to derive the overall score for each FTD-related domain by com-

bining scores from multiple individual symptoms within that domain,

rather than relying on a global “feel.” The hypothesis is that a more

objective (and accurate) score will be given when a clinician individu-

ally scores a specific symptom (e.g., apathy, disinhibition, etc.) rather

than trying to score a gestalt sense of a heterogeneous domain (e.g.,

behavior). An overall score is then derived using a specific algorithm

which weighs individual symptoms and produces a single score for

that domain. We have called these “algorithm-derived” scores here

and produced them for behavior (as per Samra et al.8), language (as

per Supplementary Appendix in supporting information), neuropsychi-

atric (as per Samra et al.,8 and the same as used above) and motor

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using PubMed. While expanding the range of pheno-

types assessed by the Clinical Dementia RatingDementia

Staging Instrument plus National Alzheimer’s Coordi-

nating Center Behavior and Language Domains (CDR

plus NACC FTLD) has not been investigated systemat-

ically, there have been several publications describing

neuropsychiatric and motor features in genetic fron-

totemporal dementia (FTD).

2. Interpretation: This cohort study showed adding neu-

ropsychiatric andmotor domains to the existingCDRplus

NACC FTLD led individuals to enter more severe dis-

ease stages. This is consistent with previous studies that

highlight the important contribution of symptoms within

these domains to FTD disease burden.

3. Future directions: This study brings us closer to suit-

able staging and outcome measures for use in genetic

FTD-related clinical trials.

(as per Samra et al.7) domains. After all the algorithm-derived domain

scores were generated, the CDR plus NACC FTLD-NM scale was

adjusted to include the six core items from the CDR using the standard

methodology (without alteration), and algorithm-derived behavior,

neuropsychiatric, motor, and language components using the scoring

rules described in Table S1. This formed a new scale, termed CDR plus

NACCFTLD-NMI, referencing the “individual” symptoms that theFTD-

related domains were derived from, with both global and SOB scores

calculated.

See Table 2 for a summary of the CDR scales examined here.

2.3 Statistical analysis

All statistical analyses were performed using Stata/MP 16.1 unless

otherwise specified. All graphs were produced using GraphPad Prism

9 apart from the Sankey diagrams, which were made using Sankey-

MATIC.

Global and SOB scores were compared between groups for each

scale using linear regressions comparing to controls, and logistic

regressions between mutation groups, adjusting for age and sex, and

95% bias-corrected bootstrapped confidence intervals with 2000 rep-

etitions where applicable. Sex differences were calculated using a

chi-squared test.

Spearman rank correlations were performed to compare both the

CDR plus NACC FTLD-NM-SOB and CDR plus NACC FTLD-NMI-

SOB to the original CDR plus NACC FTLD and the FRS, as well

as with each other. Analyses were performed within the mutation

carriers.

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 14 SAMRA ET AL.

T
A
B
L
E
1

D
em

o
gr
ap
h
ic
s
an

d
cl
in
ic
al
sc
o
re
s
fo
r
al
lm

u
ta
ti
o
n
ca
rr
ie
rs
(C
9o

rf
72

,G
R
N
,M

A
PT

)a
n
d
m
u
ta
ti
o
n
-n
eg
at
iv
e
co
n
tr
o
ls
.

A
ll
m
u
ta
ti
o
n
ca
rr
ie
rs

C
9o
rf
72

G
R
N

M
A
PT

C
D
R
p
lu
s

N
A
C
C
F
T
LD

C
o
n
tr
o
ls

A
ll

0
0
.5

1
A
ll

0
0
.5

1
A
ll

0
0
.5

1
A
ll

0
0
.5

1

N
o
.o
f

p
ar
ti
ci
p
an

ts

3
1
0

5
2
2

2
8
9

8
4

1
4
9

2
2
1

1
1
0

3
9

7
2

2
1
3

1
3
0

3
1

5
2

8
8

4
9

1
4

2
5

%
M
al
e

4
4

4
4

3
8

4
1

5
8

4
9

4
1

4
1

6
5

3
9

3
5

4
8

4
6

4
5
a

4
1

2
9

6
4

A
ge

in
ye
ar
s

4
6
.0
(1
2
.7
)

5
0
.1
(1
3
.7
)

4
4
.1
(1
1
.9
)

4
9
.9
(1
2
.3
)

6
2
.0
(9
.2
)

5
1
.2
(1
3
.6
)

4
4
.2
(1
1
.6
)

4
9
.9
(1
1
.5
)

6
2
.7
(9
.3
)

5
1
.0
(1
3
.6
)

4
5
.8
(1
2
.2
)

5
1
.8
(1
3
.2
)

6
3
.5
(7
.7
)

4
5
.3
(1
3
.1
)a
b

3
9
.2
(1
0
.4
)a
b

4
5
.7
(1
2
.6
)

5
7
.0
(1
0
.1
)a
b

E
d
u
ca
ti
o
n

1
4
.5
(3
.3
)

1
3
.9
(3
.4
)

1
4
.5
(3
.2
)

1
4
.0
(3
.1
)

1
2
.8
(3
.7
)

1
3
.9
(3
.2
)

1
4
.4
(3
.0
)

1
4
.1
(2
.5
)

1
3
.1
(3
.7
)

1
3
.9
(3
.7
)

1
4
.7
(3
.4
)

1
4
.0
(4
.0
)

1
1
.9
(3
.5
)c

1
4
.1
(3
.3
)

1
4
.4
(3
.3
)

1
3
.5
(2
.4
)

1
3
.6
(3
.8
)

M
M
SE

2
9
.3
(1
.0
)

2
7
.1
(5
.3
)

2
9
.4
(1
.0
)

2
8
.4
(2
.2
)

2
1
.9
(7
.6
)

2
7
.2
(4
.7
)

2
9
.2
(1
.1
)

2
8
.4
(2
.2
)

2
3
.4
(6
.6
)

2
6
.9
(6
.0
)

2
9
.4
(0
.9
)

2
8
.5
(2
.4
)

1
9
.3
(8
.4
)a

2
7
.4
(5
.1
)

2
9
.5
(0
.8
)

2
8
.2
(2
.3
)

2
2
.8
(7
.7
)

F
R
S

9
6
.6
(7
.0
)

7
7
.2
(3
1
.0
)

9
5
.8
(7
.8
)

8
7
.3
(1
8
.5
)

3
8
.8
(2
6
.9
)

7
1
.2
(3
4
.0
)b

9
5
.3
(7
.7
)b

8
4
.5
(2
0
.4
)

3
3
.1
(2
5
.2
)b

8
3
.0
(2
7
.4
)

9
7
.3
(5
.8
)

9
0
.5
(1
5
.0
)

4
5
.1
(2
7
.8
)

7
8
.3
(2
8
.8
)

9
3
.0
(1
1
.2
)b

8
8
.8
(1
9
.5
)

4
2
.9
(2
7
.7
)

C
D
R
p
lu
s
N
A
C
C

F
T
LD

G
lo
b
al

sc
o
re

0
.1
(0
.2
)

0
.6
(1
.0
)

0.
0
(0
.0
)

0
.5
(0
.0
)

2
.0
(0
.8
)

0
.8
(1
.0
)b

0.
0
(0
.0
)

0
.5
(0
.0
)

2
.1
(0
.8
)

0
.5
(0
.9
)

0.
0
(0
.0
)

0
.5
(0
.0
)

1
.9
(0
.8
)

0
.6
(0
.9
)

0.
0
(0
.0
)

0
.5
(0
.0
)

1
.9
(0
.8
)

C
D
R
p
lu
s
N
A
C
C

F
T
LD

Su
m
o
f

b
ox
es

0
.2
(0
.4
)

3
.1
(5
.5
)

0.
0
(0
.0
)

1
.1
(0
.8
)

1
0
.3
(5
.8
)

3
.8
(6
.0
)b

0.
0
(0
.0
)

1
.1
(0
.8
)

1
0
.9
(5
.7
)

2
.5
(5
.1
)

0.
0
(0
.0
)

1
.0
(0
.8
)

9
.8
(6
.0
)

2
.9
(5
.3
)

0.
0
(0
.0
)

1
.1
(0
.8
)

9
.7
(5
.8
)

N
ot
e:
A
ge
,e
d
u
ca
ti
o
n
,M

M
SE

,F
R
S,
an

d
cl
in
ic
al
ra
ti
n
g
sc
al
e
sc
o
re
s
ar
e
sh
o
w
n
as

m
ea
n
(s
ta
n
d
ar
d
d
ev
ia
ti
o
n
).
N
o
te

th
at

F
R
S
w
as

av
ai
la
b
le
in
4
4
0
m
u
ta
ti
o
n
ca
rr
ie
rs

(1
8
7
C
9o

rf
72

,1
7
8
G
R
N
,7
5
M
A
PT

)a
n
d
2
5
2
co
n
tr
o
ls
.B

o
ld
it
em

s
ar
e
si
gn

if
ic
an
tl
y
d
if
fe
re
n
t
to

co
n
tr
o
ls

(i
ta
lic
iz
ed

it
em

s
ar
e
si
gn

if
ic
an
tl
y
le
ss

im
p
ai
re
d
co
m
p
ar
ed

to
co
n
tr
o
ls
)u

si
n
g
lin

ea
r
re
gr
es
si
o
n
w
h
en

co
m
p
ar
in
g
to

co
n
tr
o
ls
,l
o
gi
st
ic
re
gr
es
si
o
n
b
et
w
ee
n
m
u
ta
ti
o
n
gr
o
u
p
s,
an
d
ch
i-
sq
u
ar
ed

fo
r
se
x
d
if
fe
re
n
ce
s
(P
<
0
.0
0
5
).
O
th
er

d
if
fe
re
n
ce
s
ar
e
sh
o
w
n
as
:a
Si
gn

if
ic
an

tl
y

im
p
ai
re
d
/y
o
u
n
g/
m
o
re

m
al
es

co
m
p
ar
ed

to
C
9o

rf
72

;b
Si
gn

if
ic
an

tl
y
im

p
ai
re
d
/y
o
u
n
g
co
m
p
ar
ed

to
G
R
N
;o
r
c
Si
gn

if
ic
an

tl
y
im

p
ai
re
d
/f
ew

er
ed

u
ca
ti
o
n
ye
ar
s
co
m
p
ar
ed

to
M
A
PT

m
u
ta
ti
o
n
ca
rr
ie
rs
.

A
b
b
re
vi
at
io
n
s:
C
D
R
p
lu
s
N
A
C
C
F
T
LD

;C
lin

ic
al
D
em

en
ti
a
R
at
in
g
D
em

en
ti
a
St
ag
in
g
In
st
ru
m
en

t
p
lu
s
N
at
io
n
al
A
lz
h
ei
m
er
’s
C
o
o
rd
in
at
in
g
C
en

te
r
B
eh

av
io
r
an

d
La
n
gu

ag
e
D
o
m
ai
n
s;
F
R
S,
F
T
D
R
at
in
g
Sc
al
e
G
R
N
,p
ro
gr
an
u
lin

;M
A
PT

,m
ic
ro
tu
b
u
le
-a
ss
o
ci
at
ed

p
ro
te
in

ta
u
;

M
M
SE

,M
in
i-
M
en

ta
lS
ta
te

E
xa
m
in
at
io
n
.

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



SAMRA ET AL. 5 of 14

TABLE 2 A breakdown of the components of the Clinical Dementia Rating scales discussed in this paper.

CDR Behavior Language Neuropsychiatric Motor

CDR plus NACC FTLD Standard algorithm Global Global X X

CDR plus NACC FTLD-NM Standard algorithm Global Global Algorithm Global

CDR plus NACC FTLD-NMI Standard algorithm Algorithm Algorithm Algorithm Algorithm

Note: “Global” represents clinician judgementdomain scores,while “Algorithm” representsdomain scores generatedusing thealgorithmscoring rulesoutlined

in Table S1 in supporting information. The CDR has a standard algorithmwhich defines the global CDR score.

Abbreviations: CDR plus NACC FTLD; Clinical Dementia Rating Dementia Staging Instrument plus National Alzheimer’s Coordinating Center Behav-

ior and Language Domains; CDR plus NACC FTLD-NM, Clinical Dementia Rating Dementia Staging Instrument plus National Alzheimer’s Coordinating

Center Behavior and Language Domains plus Neuropsychiatric and Motor domains; CDR plus NACC FTLD-NMI, Clinical Dementia Rating Dementia Stag-

ing Instrument plus National Alzheimer’s Coordinating Center Behavior and Language Domains plus Neuropsychiatric and Motor domains by individual

symptoms.

A receiver operating characteristic (ROC) curve analysis was also

performed to compare the diagnostic utility of the scales, determin-

ing whether they could detect if a participant was symptomatic as per

clinician judgement.

2.4 Ethics approval and consent to
participate/publish

All GENFI sites had local ethical approval for the study, and all par-

ticipants gave written informed consent. Travel and accommodation

expenses were covered but participants did not receive a stipend.

The London Queen Square Research Ethics Committee reference is

14/0377.

3 RESULTS

3.1 Demographics

No significant differences were seen between the mutation groups

in years of education apart from GRN mutation carriers with a CDR

plus NACC FTLD of ≥ 1 who had significantly fewer years in educa-

tion compared to the equivalentMAPT group (P = 0.038). There were

also significantly more males with a MAPT mutation compared to the

C9orf72 group (Chi2 = 3.91, P= 0.048; Table 1).

3.2 Disease severity

The MMSE, FRS, and CDR plus NACC FTLD scores were significantly

different from controls in each genetic group (P < 0.001). There were

no significant differences between the mutation groups overall, apart

from theC9orf72mutation group,which had significantly impaired FRS

(P < 0.001) and CDR plus NACC FTLD (Global score: P = 0.023, SOB:

P= 0.020) scores compared toGRNmutation carriers.

3.3 CDR plus NACC FTLD-NM

The CDR plus NACC FTLD-NM significantly positively correlated with

theCDRplusNACCFTLDandnegatively correlatedwith theFRS in the

combined mutation carrier group (rho = 0.98, P < 0.001; rho = −0.77,

P < 0.001, respectively), and within the individual mutation groups:

C9orf72 (rho=0.97,P<0.001; rho=−0.80,P<0.001),GRN (rho=0.99,

P < 0.001; rho = −0.75, P < 0.001), and MAPT (rho = 0.98, P < 0.001;

rho=−0.67, P< 0.001).

Compared to the CDR plus NACC FTLD 1.4% of participants

were now considered prodromal using the new scale who had pre-

viously been considered asymptomatic (Figures 1 and 2A; Table S2

in supporting information). Similarly, 1.3% of participants were now

considered symptomatic who had previously been considered asymp-

tomatic or prodromal (Figure 2A). Furthermore, no individuals with a

clinician-judged symptomatic diagnosis of ALS/FTD-ALS or a parkinso-

nian syndromewere classified as asymptomatic anymore (compared to

17.6% and 20.0% for the original CDR plus NACC FTLD; Figure 2A and

Figure S1 in supporting information).

3.4 CDR plus NACC FTLD-NMI

TheCDRplusNACCFTLD-NMI significantly positively correlatedwith

theCDRplusNACCFTLDandnegatively correlatedwith theFRS in the

combined mutation carrier group (rho = 0.89, P < 0.001; rho = −0.75,

P < 0.001), and within the mutation groups C9orf72 (rho = 0.94,

P < 0.001; rho = −0.80, P < 0.001), GRN (rho = 0.93, P < 0.001;

rho=−0.69, P < 0.001), andMAPT (rho= 0.93, P < 0.001; rho=−0.66,

P< 0.001).

Compared to the CDR plus NACC FTLD 8.5% of participants were

now considered prodromal using the new scale who had previously

been considered asymptomatic (Figures 1 and 2B; Table S2). Similarly,

2.0% of participants were now considered symptomatic who had pre-

viously been considered asymptomatic or prodromal (Figure 2B). Fur-

thermore, no individualswith a clinician-judged symptomatic diagnosis

of ALS/FTD-ALS or parkinsonism were classified as asymptomatic

anymore (Figure 2B and Figure S2 in supporting information).

3.5 CDR plus NACC FTLD-NM versus CDR plus
NACC FTLD-NMI

The CDR plus NACC FTLD-NM and CDR plus NACC FTLD-NMI

scores were significantly positively correlated (rho = 0.91, P < 0.001).
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6 of 14 SAMRA ET AL.

F IGURE 1 Comparison of the overall CDR plus NACC FTLD, CDR plus NACC FTLD-NM, and CDR plus NACC FTLD-NMI scores within
mutation carriers stratified by global score (0, 0.5, and≥ 1). C9orf72, chromosome 9 open reading frame 72; CDR plus NACC FTLD; Clinical
Dementia Rating Dementia Staging Instrument plus National Alzheimer’s Coordinating Center Behavior and Language Domains; CDR plus NACC
FTLD-NM, Clinical Dementia Rating Dementia Staging Instrument plus National Alzheimer’s Coordinating Center Behavior and Language
Domains plus Neuropsychiatric andMotor domains; CDR plus NACC FTLD-NMI, Clinical Dementia Rating Dementia Staging Instrument plus
National Alzheimer’s Coordinating Center Behavior and Language Domains plus Neuropsychiatric andMotor domains by individual symptoms;
GRN, progranulin;MAPT, microtubule-associated protein tau.

Participants tended to score higher with the -NMI scale, for example,

more participants were prodromal and moderately symptomatic with

the -NMI scale (23.7% and 7.2% of total participants) compared to the

-NM scale (16.7% and 6.7%). However, a small number of cases scored

lower on the -NMI scale compared to the -NM scale (see Figure 2C and

Table S3 in supporting information).

3.6 ROC analysis

The area under the curve (AUC) was 0.942 for the CDR plus NACC

FTLD, 0.967 for the CDR plus NACC FTLD-NM, and 0.970 for the CDR

plus NACC FTLD-NMI (Figure 3).

4 DISCUSSION

In this study we have shown that the addition of two newmodules (for

neuropsychiatric and motor symptoms) to the CDR plus NACC FTLD

more accurately captures the complete phenotype seen within the

FTD spectrum. In particular, it more appropriately places individuals

at the correct (often more severe) stage of disease. This is particularly

important for those genetic FTD mutation carriers who have primary

motor diagnoses, who were previously deemed asymptomatic using

theoriginal scale but are nowcorrectly classed as affected.Overall, this

suggests that theCDRplusNACCFTLD-NM (or -NMI)may be a poten-

tial staging and outcome measure for clinical trials in genetic FTD in

preference to the original scale.

A ROC curve analysis identified a nominally higher AUC for the

new scales. This is largely driven by the inability of the previous

scale to identify those with primary motor diagnoses. Looking at

this in more detail, this change is seen predominantly in C9orf72

and MAPT mutation carriers for whom half of those with an FTD

spectrum diagnosis within these genetic groups became affected

or more severely affected with the new scales. C9orf72 expansions

are particularly associated with the presence of ALS, and many peo-

ple will develop features of both FTD and ALS11,12 or even motor

features without meeting criteria for ALS.7,13,14 MAPT mutations are

associated with the development of parkinsonian disorders including

corticobasal syndrome, progressive supranuclear palsy, as well as

parkinsonian disorders resembling Parkinson’s disease.15–20 However,

similarly to C9orf72, a number of people will develop parkinsonian

symptomswithoutmeeting criteria for oneof the atypical parkinsonian

conditions.7,16,21,22 These new scales will therefore be particularly
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F IGURE 2 A, Comparison of the standard CDR plus NACC FTLD to a newCDR plus NACC FTLD-NM. Left figure shows the change in global
score in individual participants and right figure shows the percentage of symptomatic participants with a particular CDR score (left shows
standard CDR plus NACC FTLD, right shows newCDR plus NACC FTLD-NM). Diagnoses: bvFTD, behavioral variant frontotemporal dementia;
PPA, primary progressive aphasia; ALS/FTD-ALS, amyotrophic lateral sclerosis; Parkinsonism (progressive supranuclear palsy, corticobasal
syndrome, or Parkinson’s disease). B, Comparison of the standard CDR plus NACC FTLD to a newCDR plus NACC FTLD-NMI. Left figure shows
the change in global score in individual participants and right figure shows the percentage of symptomatic participants with a particular CDR score
(left shows standard CDR plus NACC FTLD, right shows newCDR plus NACC FTLD-NMI). Diagnoses: bvFTD, behavioral variant frontotemporal
dementia; PPA, primary progressive aphasia; ALS/FTD-ALS, amyotrophic lateral sclerosis; Parkinsonism (progressive supranuclear palsy,
corticobasal syndrome, or Parkinson’s disease). C, Comparison of the CDR plus NACC FTLD-NM to the CDR plus NACC FTLD-NMI showing the
change in global score in individual participants.

helpful when considering trials in these two genetic groups moving

forward.

Neuropsychiatric symptoms are more common in C9orf72 expan-

sions but nonetheless occur to a significant extent in the other two

genetic groups as well.8,23–27 The addition of a neuropsychiatric mod-

ule consisting of psychosis symptoms (which separate out from other

behavioral features) to thenewscalewill thereforebe important across

the genetic FTD spectrum and not just for the C9orf72 group. Because

of how the module was derived (see Samra et al.8), there is no current

global neuropsychiatric score based on just the psychosis symptoms,

but future versions of the CDR plus NACC FTLD-NM would aim to

incorporate this.

There has been a recent focus on better defining the prodromal

period of FTD.28,29 Although this is not yet completely defined, a

recent study suggested criteria for prodromal behavioral variant FTD

(bvFTD)28 and incorporated several behavioral items based on sensi-

tivity and specificity analyses—while five of these overlapwith the core

behavioral features included in the behavioral domain here (and in the

Rascovsky bvFTD criteria), two items, irritability/agitation and jovial-

ity/gregariousness, are not included in our scale. It may therefore be

helpful to include these items in future iterations of the -NMI scale.

The AUC for the two new scales, CDR plus NACC FTLD-NM and

CDR plus NACC FTLD-NMI, were very similar, and these two scales

were highly correlated. Nonetheless, there were some differences

between them, with the CDR plus NACC FTLD-NMI in general scor-

ing people more severely. The trade-off between the two scales is that

the CDR plus NACC FTLD-NM is likely to be quicker for clinicians or

researchers to complete, with an overall global score generated for

behavior, language, and motor symptoms, while the CDR plus NACC

FTLD-NMImay be consideredmore objective, as eachmodule is based

on scoringmultiple individual symptoms and thenusing an algorithm to

derive a single score.
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8 of 14 SAMRA ET AL.

F IGURE 3 Receiver operating characteristic analysis of the utility
of the CDR plus NACC FTLD, CDR plus NACC FTLD-NM, and CDR
plus NACC FTLD-NMI for detection of clinician-judged symptomatic
individuals. The red line represents the line of no discrimination. CDR
plus NACC FTLD; Clinical Dementia Rating Dementia Staging
Instrument plus National Alzheimer’s Coordinating Center Behavior
and Language Domains; CDR plus NACC FTLD-NM, Clinical Dementia
Rating Dementia Staging Instrument plus National Alzheimer’s
Coordinating Center Behavior and Language Domains plus
Neuropsychiatric andMotor domains; CDR plus NACC FTLD-NMI,
Clinical Dementia Rating Dementia Staging Instrument plus National
Alzheimer’s Coordinating Center Behavior and Language Domains
plus Neuropsychiatric andMotor domains by individual symptoms.

4.1 Limitations

Firstly, although a large genetic FTD cohort was studied there were

modest numbers in each group after stratification. Future studies with

larger numbers aimedat replicating thisworkwill behelpful. Such stud-

ies should also formally assess both intra- and inter-rater variability

as well as investigate the longitudinal change in these scales. Further

work will be needed to better understand the ability of the scale to

detect specific changes in disease stage, for example, to identify phe-

noconverters. Second, there are a number of limitations of the scales

themselves as they are currently set up: the language scale includes

a number of individual items that are best assessed by a combina-

tion of history and examination, and future versions of the -NMI scale

will require a focus on those symptoms assessed best by history; the

motor scale is a symptom score only and thereforewill not score exam-

ination features that are not noted by participants or informants, for

example, subtle fasciculations or hyperreflexia that may herald early

ALS—future versions of the scale should consider incorporating exam-

ination features alongside the history; and finally, although we include

functional problems with the hands as an individual item in the motor

scale, there are no other measures of the functional impact of motor

deficits, which will need to be addressed in future iterations of the

scale. Third, the scales have been constructed from the GENFI symp-

tom questionnaires and so future iterations of the -NM and -NMI

scales will require fully operationalized instructions on how to derive

the global and algorithm-based scores and which symptoms to include

within each component. Last, for future versions that might be per-

formed remotely (e.g., by phoneor video), there shouldbe somecaution

over the possibility of missing some features that can only be detected

by face-to-face examination (e.g., subtle motor findings).

4.2 Summary

This study has highlighted the importance of updating the current

method of assessing disease severity in FTD to include all symptom

domains that can be affected in this disease. Much further work will

be needed to be done to ensure this scale is ready for use in clinical

trials, including more reliability and validity analyses. However, hope-

fully this work will be a first crucial step in the development of more

appropriate staging and outcome measures in future clinical trials of

genetic FTD.

AFFILIATIONS
1Dementia Research Centre, Department of Neurodegenerative Disease, UCL

Queen Square Institute of Neurology, London, UK

2Department of Medical Statistics, London School of Hygiene and Tropical

Medicine, London, UK

3Department of Neurology, Erasmus Medical Centre, Rotterdam, the Nether-

lands

4Cognitive Disorders Unit, Department of Neurology, Donostia Universitary

Hospital, Donostia, Spain

5NeuroscienceArea, BiodonostiaHealthResearch Institute, San Sebastián, Spain

6Alzheimer’s Disease and Other Cognitive Disorders Unit, Neurology Ser-

vice, Hospital Clínic, Institut d’Investigacións Biomèdiques August Pi I Sunyer,

University of Barcelona, Barcelona, Spain

7Clinique Interdisciplinaire de Mémoire, Département des Sciences Neu-

rologiques, CHU de Québec, and Faculté deMédecine, Université Laval, Québec

City, Québec, Canada

8Center for Alzheimer Research, Division of Neurogeriatrics, Department of

Neurobiology, Care Sciences and Society, Bioclinicum, Karolinska Institutet,

Solnavägen, Solna, Sweden

9Unit for Hereditary Dementias, Theme Aging, Karolinska University Hospital,

Hälsovägen, Stockholm, Sweden

10Sunnybrook Health Sciences Centre, Sunnybrook Research Institute, Univer-

sity of Toronto, Toronto, Ontario, Canada

11Tanz Centre for Research in Neurodegenerative Diseases, University of

Toronto, Toronto, Ontario, Canada

12Department of Clinical Neurosciences, University of Cambridge, Cambridge,

UK

13Neurology Unit, Department of Clinical and Experimental Sciences, University

of Brescia, Piazza delMercato, Brescia, Italy

14Department of Clinical Neurological Sciences, University of Western Ontario,

London, Ontario, Canada

15Department of Neurodegenerative Diseases, Hertie-Institute for Clinical

Brain Research and Center of Neurology, University of Tübingen, Tübingen,

Germany

16Center for Neurodegenerative Diseases (DZNE), Tübingen, Germany

17Fondazione Ca’ Granda, IRCCSOspedale Policlinico, Milan, Italy

18University ofMilan, Centro Dino Ferrari, Milan, Italy

19Laboratory for Cognitive Neurology, Department of Neurosciences, KU Leu-

ven, Leuven, Belgium

20Neurology Service, University Hospitals Leuven, Leuven, Belgium

21Leuven Brain Institute, KU Leuven, Leuven, Belgium

22Faculty ofMedicine, University of Lisbon, Lisbon, Portugal

23Nuffield Department of Clinical Neurosciences, Medical Sciences Division,

University of Oxford, Oxford, UK

24Department of Brain Sciences, Imperial College London, London, UK

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



SAMRA ET AL. 9 of 14

25Division of Neuroscience and Experimental Psychology, Wolfson Molecular

Imaging Centre, University ofManchester, Manchester, UK

26Departments of Geriatric Medicine and Nuclear Medicine, University of

Duisburg-Essen, Duisburg, Germany

27Department of Psychiatry,McGill University Health Centre,McGill University,

Montreal, Québec, Canada

28McConnell Brain Imaging Centre, Montreal Neurological Institute, McGill

University, Montreal, Québec, Canada

29Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, Inserm

U1127, CNRSUMR7225, AP-HP - Hôpital Pitié-Salpêtrière, Paris, France

30Centre de référence des démences rares ou précoces, IM2A, Département de

Neurologie, AP-HP - Hôpital Pitié-Salpêtrière, Paris, France

31Département de Neurologie, AP-HP - Hôpital Pitié-Salpêtrière, Paris, France

32Reference Network for Rare Neurological Diseases (ERN-RND), University

Hospital Tübingen, Tübingen, Germany

33Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan, Italy

34UniversityHospital of Coimbra (HUC), Neurology Service, Faculty ofMedicine,

University of Coimbra, Coimbra, Portugal

35Center for Neuroscience and Cell Biology, Faculty of Medicine, University of

Coimbra, Coimbra, Portugal

36Univ Lille, Lille, France

37Inserm 1172, Lille, France

38CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, Lille, France

39Department of Neurology, Ludwig-Maximilians Universität München, Munich,

Germany

40German Center for Neurodegenerative Diseases (DZNE), Munich, Germany

41Munich Cluster of SystemsNeurology (SyNergy), Munich, Germany

42Department of Neurology, University of Ulm, Ulm, Germany

43Department of Neurofarba, University of Florence, Firenze, Florence, Italy

44IRCCS Fondazione Don Carlo Gnocchi, Firenze, Florence, Italy

ACKNOWLEDGMENTS

The authors thank the research participants and their families for

their contribution to the study. All persons who have contributed

substantially to this work are authors. The Dementia Research Cen-

tre is supported by Alzheimer’s Research UK, Alzheimer’s Society,

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

ported by the National Institute for Health Research (NIHR) Queen

SquareDementia Biomedical ResearchUnit and theUniversityCollege

London Hospitals Biomedical Research Centre, the Leonard Wolfson

Experimental Neurology Centre (LWENC) Clinical Research Facility,

and the UK Dementia Research Institute, which receives its fund-

ing from UK DRI Ltd, funded by the UK Medical Research Council,

Alzheimer’s Society and Alzheimer’s Research UK. Several authors

of this publication (JCvS, MS, RSV, AD, MO, RV, JDR) are members

of the European Reference Network for Rare Neurological Diseases

(ERN-RND)—Project ID No 739510. This work was supported by

the JPND GENFI-PROX grant (2019-02248; to JP, MO, BB, CG, JvS

and MS [latter via DLR/DFG 01ED2008B]). Other funders include:

Alzheimer’s Research UK (ARUK-CRF2017B-2); Alzheimer’s Society

(AS-JF-19a-004-517); Alzheimer’s Society (AS-PG-16-007); Associa-

tion for FrontotemporalDementias Research (2009); Bluefield Project;

JPND GENFI-PROX 2019-02248; Government of Canada, Canadian

Institutes of Health Research (327387); Deutsche Forschungsgemein-

schaft (EXC 2145 SyNergy – ID 390857198); DFG, German Research

Foundation (01ED2008B)

European Reference Network for Rare Neurological Diseases

(ERN-RND) (739510); GENFI (MR/M023664/1); Germany’s Excel-

lence Strategy (390857198, EXC2145); Government of Canada, Cana-

dian Institutes of Health Research operating grant (MOP- 371851

and PJT-175242); Instituto de Salud Carlos III (PI20/00448); Fun-

dació Marató TV3 (20143810); Italian Ministry of Health (CoEN015

and Ricerca Corrente, PreFrontALS JPND - 733051042); JPND

Prefrontals (2015-02926,2018-02754); Karolinska Institutet, Doc-

toral Funding; London Hospitals Biomedical Research Centre, the

Leonard Wolfson Experimental Neurology Centre (LWENC); Mady

Browaeys Fund for Research into Frontotemporal Dementia; Miriam

Marks Brain Research UK Senior Fellowship; MRC (MR/M008525/1);

MRC UK GENFI grant (MR/M023664/1); National Brain Appeal

(RCN 290173); National Institute for Health Research (NIHR) (BRC-

1215-20014); National Institute for Health Research Queen Square

Dementia, Biomedical Research Unit; NIHR Rare Disease Transla-

tional Research Collaboration (BRC149/NS/MH); The Wolfson Foun-

dation; UK Dementia Research Institute (SM-UCLO-MA-0519); UK

Medical Research Council (SUAG/051 G101400); University Col-

lege London Hospitals Biomedical Research Centre; Wellcome Trust

(103838); National Institute for Health Research Cambridge Biomedi-

cal Research Centre.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no competing interests. Author

disclosures are available in the supporting information.

DATA AVAILABILITY STATEMENT

Data will not be shared but is available upon reasonable request. JDR,

as Principal Investigator, has full access to all of the data in the study

and takes full responsibility for the integrity of the data and accuracy

of data analysis.

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 14 SAMRA ET AL.

LIST OF GENFI CONSORTIUM (COLLABORATORS)

Author Affiliation

Martina Bocchetta Department of Neurodegenerative Disease, Dementia Research Centre, UCLQueen Square Institute of Neurology,

London, UK

David Cash Department of Neurodegenerative Disease, Dementia Research Centre, UCLQueen Square Institute of Neurology,

London, UK

David L. Thomas Neuroimaging Analysis Centre, Department of Brain Repair and Rehabilitation, UCL Institute of Neurology, Queen Square,

London, UK

Thomas Cope Department of Clinical Neuroscience, University of Cambridge, Cambridge, UK

Timothy Rittman Department of Clinical Neurosciences, University of Cambridge, Cambridge, UK

Alberto Benussi Centre for Neurodegenerative Disorders, Department of Clinical and Experimental Sciences, University of Brescia, Brescia,

Italy

Enrico Premi Stroke Unit, ASST Brescia Hospital, Brescia, Italy

Roberto Gasparotti Neuroradiology Unit, University of Brescia, Brescia, Italy

Silvana Archetti Biotechnology Laboratory, Department of Diagnostics, ASST Brescia Hospital, Brescia, Italy

Stefano Gazzina Neurology, ASST Brescia Hospital, Brescia, Italy

Valentina Cantoni Centre for Neurodegenerative Disorders, Department of Clinical and Experimental Sciences, University of Brescia, Brescia,

Italy

Andrea Arighi Fondazione IRCCS Ca’ GrandaOspedaleMaggiore Policlinico, Neurodegenerative Diseases Unit, Milan, Italy; University of

Milan, Centro Dino Ferrari, Milan, Italy

Chiara Fenoglio Fondazione IRCCS Ca’ GrandaOspedaleMaggiore Policlinico, Neurodegenerative Diseases Unit, Milan, Italy; University of

Milan, Centro Dino Ferrari, Milan, Italy

Elio Scarpini Fondazione IRCCS Ca’ GrandaOspedaleMaggiore Policlinico, Neurodegenerative Diseases Unit, Milan, Italy; University of

Milan, Centro Dino Ferrari, Milan, Italy

Giorgio Fumagalli Fondazione IRCCS Ca’ GrandaOspedaleMaggiore Policlinico, Neurodegenerative Diseases Unit, Milan, Italy; University of

Milan, Centro Dino Ferrari, Milan, Italy

Vittoria Borracci Fondazione IRCCS Ca’ GrandaOspedaleMaggiore Policlinico, Neurodegenerative Diseases Unit, Milan, Italy; University of

Milan, Centro Dino Ferrari, Milan, Italy

Giacomina Rossi Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Giorgio Giaccone Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Giuseppe Di Fede Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Paola Caroppo Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Pietro Tiraboschi Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Sara Prioni Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

Veronica Redaelli Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy

David Tang-Wai The University Health Network, Krembil Research Institute, Toronto, Canada

Ekaterina Rogaeva Tanz Centre for Research in Neurodegenerative Diseases, University of Toronto, Toronto, Canada

Miguel Castelo-Branco Faculty ofMedicine, University of Coimbra, Coimbra, Portugal

Morris Freedman Baycrest Health Sciences, Rotman Research Institute, University of Toronto, Toronto, Canada

Ron Keren The University Health Network, Toronto Rehabilitation Institute, Toronto, Canada

Sandra Black SunnybrookHealth Sciences Centre, Sunnybrook Research Institute, University of Toronto, Toronto, Canada

SaraMitchell SunnybrookHealth Sciences Centre, Sunnybrook Research Institute, University of Toronto, Toronto, Canada

Christen Shoesmith Department of Clinical Neurological Sciences, University ofWesternOntario, London, Ontario, Canada

Robart Bartha Department ofMedical Biophysics, TheUniversity ofWesternOntario, London, Ontario, Canada; Centre for Functional and

MetabolicMapping, Robarts Research Institute, The University ofWesternOntario, London, Ontario, Canada

Rosa Rademakers Center forMolecular Neurology, University of Antwerp

Jackie Poos Department of Neurology, ErasmusMedical Center, Rotterdam, Netherlands

JanneM. Papma Department of Neurology, ErasmusMedical Center, Rotterdam, Netherlands

(Continued)

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



SAMRA ET AL. 11 of 14

Author Affiliation

Lucia Giannini Department of Neurology, ErasmusMedical Center, Rotterdam, Netherlands

Rick vanMinkelen Department of Clinical Genetics, ErasmusMedical Center, Rotterdam, Netherlands

Yolande Pijnenburg AmsterdamUniversityMedical Centre, AmsterdamVUmc, Amsterdam, Netherlands

Benedetta Nacmias Department of Neuroscience, Psychology, Drug Research and Child Health, University of Florence, Florence, Italy

Camilla Ferrari Department of Neuroscience, Psychology, Drug Research and Child Health, University of Florence, Florence, Italy

Cristina Polito Department of Biomedical, Experimental and Clinical Sciences “Mario Serio”, NuclearMedicine Unit, University of Florence,

Florence, Italy

Gemma Lombardi Department of Neuroscience, Psychology, Drug Research and Child Health, University of Florence, Florence, Italy

Valentina Bessi Department of Neuroscience, Psychology, Drug Research and Child Health, University of Florence, Florence, Italy

Michele Veldsman Nuffield Department of Clinical Neurosciences, Medical Sciences Division, University of Oxford, Oxford, UK

Christin Andersson Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden

Hakan Thonberg Center for Alzheimer Research, Division of Neurogeriatrics, Karolinska Institutet, Stockholm, Sweden

LinnÖijerstedt Center for Alzheimer Research, Division of Neurogeriatrics, Department of Neurobiology, Care Sciences and Society,

Bioclinicum, Karolinska Institutet, Solna, Sweden; Unit for Hereditary Dementias, Theme Aging, Karolinska University

Hospital, Solna, Sweden

Vesna Jelic Division of Clinical Geriatrics, Karolinska Institutet, Stockholm, Sweden

Paul Thompson Division of Neuroscience and Experimental Psychology,WolfsonMolecular Imaging Centre, University ofManchester,

Manchester, UK

Tobias Langheinrich Division of Neuroscience and Experimental Psychology,WolfsonMolecular Imaging Centre, University ofManchester,

Manchester, UK;Manchester Centre for Clinical Neurosciences, Department of Neurology, Salford Royal NHS

Foundation Trust, Manchester, UK

Albert Lladó Alzheimer’s disease andOther Cognitive Disorders Unit, Neurology Service, Hospital Clínic, Barcelona, Spain

Anna Antonell Alzheimer’s disease andOther Cognitive Disorders Unit, Neurology Service, Hospital Clínic, Barcelona, Spain

JaumeOlives Alzheimer’s disease andOther Cognitive Disorders Unit, Neurology Service, Hospital Clínic, Barcelona, Spain

Mircea Balasa Alzheimer’s disease andOther Cognitive Disorders Unit, Neurology Service, Hospital Clínic, Barcelona, Spain

Nuria Bargalló Imaging Diagnostic Center, Hospital Clínic, Barcelona, Spain

Sergi Borrego-Ecija Alzheimer’s disease andOther Cognitive Disorders Unit, Neurology Service, Hospital Clínic, Barcelona, Spain

Ana Verdelho Department of Neurosciences andMental Health, Centro Hospitalar Lisboa Norte—Hospital de SantaMaria & Faculty of

Medicine, University of Lisbon, Lisbon, Portugal

CarolinaMaruta Laboratory of Language Research, Centro de Estudos EgasMoniz, Faculty ofMedicine, University of Lisbon, Lisbon,

Portugal

Catarina B. Ferreira Laboratory of Neurosciences, Faculty ofMedicine, University of Lisbon, Lisbon, Portugal

Gabriel Miltenberger Faculty ofMedicine, University of Lisbon, Lisbon, Portugal

Frederico Simões do

Couto

Faculdade deMedicina, Universidade Católica Portuguesa

Alazne Gabilondo Cognitive Disorders Unit, Department of Neurology, Donostia University Hospital, San Sebastian, Gipuzkoa, Spain;

Neuroscience Area, Biodonostia Health Research Insitute, San Sebastian, Gipuzkoa, Spain

Ana Gorostidi Neuroscience Area, Biodonostia Health Research Institute, San Sebastian, Gipuzkoa, Spain

Jorge Villanua OSATEK, University of Donostia, San Sebastian, Gipuzkoa, Spain

Marta Cañada CITAAlzheimer, San Sebastian, Gipuzkoa, Spain

Mikel Tainta Neuroscience Area, Biodonostia Health Research Institute, San Sebastian, Gipuzkoa, Spain

Miren Zulaica Neuroscience Area, Biodonostia Health Research Institute, San Sebastian, Gipuzkoa, Spain

MyriamBarandiaran Cognitive Disorders Unit, Department of Neurology, Donostia University Hospital, San Sebastian, Gipuzkoa, Spain;

Neuroscience Area, Biodonostia Health Research Institute, San Sebastian, Gipuzkoa, Spain

Patricia Alves Neuroscience Area, Biodonostia Health Research Institute, San Sebastian, Gipuzkoa, Spain; Department of Educational

Psychology and Psychobiology, Faculty of Education, International University of La Rioja, Logroño, Spain

(Continued)

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 of 14 SAMRA ET AL.

Author Affiliation

Benjamin Bender Department of Diagnostic and Interventional Neuroradiology, University of Tübingen, Tübingen, Germany

CarloWilke Department of Neurodegenerative Diseases, Hertie-Institute for Clinical Brain Research and Center of Neurology,

University of Tübingen, Tübingen, Germany; Center for Neurodegenerative Diseases (DZNE), Tübingen, Germany

Lisa Graf Department of Neurodegenerative Diseases, Hertie-Institute for Clinical Brain Research and Center of Neurology,

University of Tübingen, Tübingen, Germany

Annick Vogels Department of HumanGenetics, KU Leuven, Leuven, Belgium

Mathieu Vandenbulcke Geriatric Psychiatry Service, University Hospitals Leuven, Belgium; Neuropsychiatry, Department of Neurosciences, KU

Leuven, Leuven, Belgium

Philip VanDamme Neurology Service, University Hospitals Leuven, Belgium; Laboratory for Neurobiology, VIB-KU Leuven Centre for Brain

Research, Leuven, Belgium

Rose Bruffaerts Department of Biomedical Sciences, University of Antwerp, Antwerp, Belgium; Biomedical Research Institute, Hasselt

University, 3500Hasselt, Belgium

Koen Poesen Laboratory forMolecular Neurobiomarker Research, KU Leuven, Leuven, Belgium

Pedro Rosa-Neto Translational Neuroimaging Laboratory, McGill Centre for Studies in Aging, McGill University, Montreal, Québec, Canada

Serge Gauthier Alzheimer Disease Research Unit, McGill Centre for Studies in Aging, Department of Neurology &Neurosurgery, McGill

University, Montreal, Québec, Canada

Agnès Camuzat Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France

Alexis Brice Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Reference Network for Rare Neurological Diseases (ERN-RND)

Anne Bertrand Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Inria, Aramis project-team, F-75013, Paris, France; Centre pour l’Acquisition et le

Traitement des Images, Institut du Cerveau et laMoelle, Paris, France

Aurélie Funkiewiez Centre de référence des démences rares ou précoces, IM2A, Département de Neurologie, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127,

CNRSUMR7225, AP-HP—Hôpital Pitié-Salpêtrière, Paris, France

Daisy Rinaldi Centre de référence des démences rares ou précoces, IM2A, Département de Neurologie, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127,

CNRSUMR7225, AP-HP—Hôpital Pitié-Salpêtrière, Paris, France; Département de Neurologie, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France

Dario Saracino Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Inria, Aramis project-team, F-75013, Paris, France; Centre de référence des démences

rares ou précoces, IM2A, Département de Neurologie, AP-HP—Hôpital Pitié-Salpêtrière, Paris, France

Olivier Colliot Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France; Inria, Aramis project-team, F-75013, Paris, France; Centre pour l’Acquisition et le

Traitement des Images, Institut du Cerveau et laMoelle, Paris, France

Sabrina Sayah Sorbonne Université, Paris Brain Institute – Institut du Cerveau – ICM, InsermU1127, CNRSUMR7225, AP-HP—Hôpital

Pitié-Salpêtrière, Paris, France

Catharina Prix Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

ElisabethWlasich Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

OliviaWagemann Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

Sandra Loosli Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

Sonja Schönecker Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

Tobias Hoegen Neurologische Klinik, Ludwig-Maximilians-UniversitätMünchen,Munich, Germany

Jolina Lombardi Department of Neurology, University of Ulm, Ulm

Sarah Anderl-Straub Department of Neurology, University of Ulm, Ulm, Germany

Adeline Rollin CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, France

Gregory Kuchcinski Univ Lille, France; Inserm 1172, Lille, France; CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, France

(Continued)

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



SAMRA ET AL. 13 of 14

Author Affiliation

Maxime Bertoux Inserm 1172, Lille, France; CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, France

Thibaud Lebouvier Univ Lille, France; Inserm 1172, Lille, France; CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, France

Vincent Deramecourt Univ Lille, France; Inserm 1172, Lille, France; CHU, CNR-MAJ, Labex Distalz, LiCEND Lille, France

Beatriz Santiago Neurology Department, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal

Diana Duro Faculty ofMedicine, University of Coimbra, Coimbra, Portugal

Maria João Leitão Centre of Neurosciences and Cell Biology, Universidade de Coimbra, Coimbra, Portugal

Maria Rosario Almeida Faculty ofMedicine, University of Coimbra, Coimbra, Portugal

Miguel Tábuas-Pereira Neurology Department, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal

Sónia Afonso Instituto Ciencias Nucleares Aplicadas a Saude, Universidade de Coimbra, Coimbra, Portugal

ORCID

Kiran Samra https://orcid.org/0000-0002-3105-7099

JonathanD.Rohrer https://orcid.org/0000-0002-6155-8417

REFERENCES

1. Knopman DS, Kramer JH, Boeve BF, et al. Development of methodol-

ogy for conducting clinical trials in frontotemporal lobar degeneration.

Brain. 2008;131(11):2957-2968.
2. Knopman DS, Weintraub S, Pankratz VS. Language and behavior

domains enhance the value of the clinical dementia rating scale.

Alzheimer’s Dement. 2011;7(3):293-299.
3. Miyagawa T, Brushaber D, Syrjanen J, et al. Use of the CDR® plus

NACCFTLD inmild FTLD: data from theARTFL/LEFFTDS consortium.

Alzheimer’s Dement. 2020;16(1):79-90.
4. Mioshi E, Hsieh S, Savage S, Hornberger M, Hodges JR. Clinical stag-

ing and disease progression in frontotemporal dementia. Neurology.
2010;74(20):1591-1597.

5. Lima-Silva TB, Bahia VS, Cecchini MA, et al. Validity and reliability of

the frontotemporal dementia rating scale (FTD-FRS) for the progres-

sion and staging of dementia in brazilian patients. Alzheimer Dis Assoc
Disord. 2018;32(3):220-225. doi:10.1097/wad.0000000000000246

6. PeakmanG, Russell LL, Convery RS, et al. Comparison of clinical rating

scales in genetic frontotemporal dementia within the GENFI cohort.

J Neurol Neurosurg Psychiatry. 2022;93(2):158-168. doi:10.1136/jnnp-
2021-326868

7. Samra K, MacDougall AM, Peakman G, et al. Motor symptoms in

genetic frontotemporal dementia: developinganewmodule for clinical

rating scales. J Neurol. 2022;270(3):1466-1477. doi:10.1007/s00415-
022-11442-y

8. Samra K, Macdougall A, Peakman G, et al. Neuropsychiatric symp-

toms in genetic frontotemporal dementia: developing a new module

for Clinical Rating Scales. J Neurol Neurosurg Psychiatry. 2023. doi:10.
1136/jnnp-2022-330152

9. Boeve BF, Boxer AL, Kumfor F, Pijnenburg Y, Rohrer JD. Advances

and controversies in frontotemporal dementia: diagnosis, biomarkers,

and therapeutic considerations. Lancet Neurol. 2022;21(3):258-272.
doi:10.1016/s1474-4422(21)00341-0

10. Rohrer JD, Nicholas JM, Cash DM, et al. Presymptomatic cog-

nitive and neuroanatomical changes in genetic frontotemporal

dementia in the Genetic Frontotemporal dementia Initiative

(GENFI) study: a cross-sectional analysis. Lancet Neurol. 2015;14(3):
253-262.

11. Devenney E, Vucic S, Hodges JR, Kiernan MC. Motor neuron disease-

frontotemporal dementia: a clinical continuum. Expert Rev Neurother.
2015;15(5):509-522.

12. Strong MJ, Abrahams S, Goldstein LH, et al. Amyotrophic lat-

eral sclerosis—frontotemporal spectrumdisorder (ALS-FTSD): revised

diagnostic criteria. Amyotroph Lateral Scler Frontotemporal Degener.
2017;18(3-4):153-174. doi:10.1080/21678421.2016.1267768

13. Lomen-Hoerth C, Anderson T, Miller B. The overlap of amy-

otrophic lateral sclerosis and frontotemporal dementia. Neurology.
2002;59(7):1077-1079.

14. Burrell JR, KiernanMC, Vucic S, Hodges JR.Motor neuron dysfunction

in frontotemporal dementia. Brain. 2011;134(9):2582-2594.
15. Moore KM, Nicholas J, Grossman M, et al. Age at symptom

onset and death and disease duration in genetic frontotemporal

dementia: an international retrospective cohort study. Lancet Neurol.
2020;19(2):145-156.

16. Hutton M, Lendon CL, Rizzu P, et al. Association of missense and

5′-splice-site mutations in tau with the inherited dementia FTDP-17.

Nature. 1998;393(6686):702-705.
17. Forrest SL, Halliday GM, McCann H, et al. Heritability in fron-

totemporal tauopathies. Alzheimer’s Dement: Diagn, Assess Dis Monit.
2019;11:115-124.

18. GoedertM, Spillantini M, Jakes R, Rutherford D, Crowther R. Multiple

isoforms of humanmicrotubule-associated protein tau: sequences and

localization in neurofibrillary tangles of Alzheimer’s disease. Neuron.
1989;3(4):519-526.

19. Dickson DW, Rademakers R, Hutton ML. Progressive supranuclear

palsy: pathology and genetics. Brain Pathol. 2007;17(1):74-82.
20. Van Swieten J, Spillantini MG. Hereditary frontotemporal demen-

tia caused by Tau gene mutations. Brain Pathol. 2007;17(1):

63-73.

21. Poorkaj P, Bird TD, Wijsman E, et al. Tau is a candidate gene for chro-

mosome 17 frontotemporal dementia. Ann Neurol. 1998;43(6):815-
825.

22. Spillantini MG, Murrell JR, Goedert M, Farlow MR, Klug A, Ghetti B.

Mutation in the tau gene in familial multiple system tauopathy with

presenile dementia. Proc Natl Acad Sci. 1998;95(13):7737-7741.
23. Sellami L, Bocchetta M, Masellis M, et al. Distinct neuroanatomical

correlates of neuropsychiatric symptoms in the three main forms of

genetic frontotemporal dementia in theGENFI cohort. JAlzheimersDis.
2018;65(1):147-163. doi:10.3233/jad-180053

24. Snowden JS, Adams J, Harris J, et al. Distinct clinical and patholog-

ical phenotypes in frontotemporal dementia associated with MAPT,

PGRN and C9orf72 mutations. Amyotroph Lateral Scler Front Degener.
2015;16(7-8):497-505.

25. Shinagawa S, Nakajima S, Plitman E, et al. Psychosis in frontotemporal

dementia. J Alzheimer’s Dis. 2014;42(2):485-499.
26. Le Ber I, Camuzat A, Hannequin D, et al. Phenotype variability in pro-

granulin mutation carriers: a clinical, neuropsychological, imaging and

genetic study. Brain. 2008;131(3):732-746.

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-3105-7099
https://orcid.org/0000-0002-3105-7099
https://orcid.org/0000-0002-6155-8417
https://orcid.org/0000-0002-6155-8417
https://doi.org/10.1097/wad.0000000000000246
https://doi.org/10.1136/jnnp-2021-326868
https://doi.org/10.1136/jnnp-2021-326868
https://doi.org/10.1007/s00415-022-11442-y
https://doi.org/10.1007/s00415-022-11442-y
https://doi.org/10.1136/jnnp-2022-330152
https://doi.org/10.1136/jnnp-2022-330152
https://doi.org/10.1016/s1474-4422(21)00341-0
https://doi.org/10.1080/21678421.2016.1267768
https://doi.org/10.3233/jad-180053


14 of 14 SAMRA ET AL.

27. Ducharme S, Bajestan S, Dickerson BC, Voon V. Psychiatric presen-

tations of C9orf72 mutation: what are the diagnostic implications for

clinicians? J Neuropsychiatry Clin Neurosci. 2017;29(3):195-205. doi:10.
1176/appi.neuropsych.16090168

28. Barker MS, Gottesman RT, Manoochehri M, et al. Proposed research

criteria for prodromal behavioural variant frontotemporal dementia.

Brain. 2022;145(3):1079-1097.
29. Benussi A, Alberici A, Samra K, et al. Conceptual framework for

the definition of preclinical and prodromal frontotemporal dementia.

Alzheimers Dement. 2022;18(7):1408-1423.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Samra K, PeakmanG,MacDougall

AM, et al. Extending the phenotypic spectrum assessed by the

CDR plus NACC FTLD in genetic frontotemporal dementia.

Alzheimer’s Dement. 2024;16:e12571.

https://doi.org/10.1002/dad2.12571

 23528729, 2024, 2, D
ow

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

iley.com
/doi/10.1002/dad2.12571, W

iley O
nline L

ibrary on [13/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1176/appi.neuropsych.16090168
https://doi.org/10.1176/appi.neuropsych.16090168
https://doi.org/10.1002/dad2.12571

	Extending the phenotypic spectrum assessed by the CDR plus NACC FTLD in genetic frontotemporal dementia
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Participants
	2.2 | Rating scale analysis
	2.3 | Statistical analysis
	2.4 | Ethics approval and consent to participate/publish

	3 | RESULTS
	3.1 | Demographics
	3.2 | Disease severity
	3.3 | CDR plus NACC FTLD-NM
	3.4 | CDR plus NACC FTLD-NMI
	3.5 | CDR plus NACC FTLD-NM versus CDR plus NACC FTLD-NMI
	3.6 | ROC analysis

	4 | DISCUSSION
	4.1 | Limitations
	4.2 | Summary

	AFFILIATIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	LIST OF GENFI CONSORTIUM (COLLABORATORS)
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


