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The Ignite app detects early cognitive impairment and tracks disease severity

in genetic frontotemporal dementia.
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Abstract

Background: Ignite is an iPad-based cognitive assessment app designed to enhance
the sensitivity of detecting early cognitive changes in presymptomatic frontotemporal
dementia (FTD). It is intended for use as a remote outcome measure in future clinical
trials. Before use in clinical trials, it is essential to establish the app’s sensitivity for
detecting cognitive impairment and to evaluate its performance relative to established
clinical measures.

Methods: A total of 569 participants from the Genetic FTD Initiative who completed
Ignite during their annual research visit were included. Each participant also
underwent a clinical assessment and a standard neuropsychological battery. Ignite
scores were z-scored against a normative sample, and cognitive composite scores
were calculated across distinct domains. Disease stage was defined using the
CDR+NACC-FTLD global score including neuropsychiatric and motor components
(CDR+NACC-FTLD-NM), where 0=asymptomatic (N=190), 0.5=prodromal (N=110),
1=mildly symptomatic (N=27) and =2=moderately/severely symptomatic (N=42).
Linear regressions (adjusting for age, sex, and education) compared Ignite scores
between healthy non-carriers (N=200) and mutation carriers stratified by disease
stage, with further analyses also conducted by genetic group (C9orf72, MAPT, and
GRN). Receiver operating characteristic (ROC) analyses were used to compare Ignite
with standard neuropsychological composites.

Results: Ignite detected significant cognitive impairment in all symptomatic mutation
carriers (CDR=1 and CDR=22) across all six cognitive domains compared with non-
carriers (p< 0.001). Prodromal mutation carriers (CDR=0.5) showed impairments in all
domains except social cognition, while asymptomatic carriers (CDR=0) demonstrated

reduced performance in executive function, social cognition, and calculation (p< 0.05).
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C9orf72 mutation carriers showed the earliest and broadest deficits across all
cognitive domains, MAPT carriers exhibited pronounced impairments in semantic
knowledge and social cognition, and GRN carriers demonstrated marked deficits in
executive function and processing speed, particularly at symptomatic stages. ROC
analyses demonstrated similarly good discrimination for Ignite and GENFI
neuropsychology between symptomatic carriers and non-carriers across all cognitive
domains (AUCs 0.91-0.92 for Ignite vs 0.89-0.93 for GENFI). Discrimination at the
prodromal stage was lower for both measures, though Ignite showed higher AUCs
across all domains (0.58-0.70 vs 0.55-0.64).

Conclusions: Ignite is a sensitive digital cognitive assessment capable of detecting
early cognitive changes in genetic FTD and demonstrates improved discrimination
compared with standard neuropsychological measures at milder disease severity. Its
sensitivity to disease stage and gene-specific profiles, supports its potential utility as

a scalable remote outcome measure for FTD clinical trials.

Keywords: cognitive, app, digital, frontotemporal dementia

Introduction

Frontotemporal dementia (FTD) is a clinically and genetically heterogeneous group of
neurodegenerative disorders that primarily affect the frontal and temporal lobes of the
brain. Clinically, FTD encompasses a spectrum of syndromes, including behavioural
variant FTD (bvFTD), non-fluent/agrammatic and semantic variants of primary
progressive aphasia (PPA), and, in some cases, movement disorders such as
corticobasal syndrome, progressive supranuclear palsy, and motor neurone disease

(Gorno-Tempini, 2011; Rascovsky et al., 2011). Genetically, approximately 20-30% of
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FTD cases are familial, most commonly caused by mutations in the C9orf72, GRN, or
MAPT genes (Baker et al., 2006; Cruts et al., 2006; DedJesus-Hernandez et al., 2011;
Hutton et al., 1998; Renton et al., 2011). These mutations are associated with different

patterns of clinical presentation, cognitive decline, and neurobiological progression.

As disease-modifying therapies begin to emerge, clinical trials in FTD face a critical
bottleneck: the lack of sensitive outcome measures that can reliably detect subtle
cognitive changes during the presymptomatic or prodromal phase and track
progression over time (Desmarais et al., 2019; Panza et al., 2020; Tsai & Boxer, 2016).
In Alzheimer's disease (AD), considerable progress has been made in the
development of cognitive measures sensitive to the earliest stages of pathological
change, including widely used tools such as the Alzheimer’s Disease Assessment
Scale—Cognitive Subscale (ADAS-Cog), the Preclinical Alzheimer's Cognitive
Composite (PACC), and the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) (Langbaum et al., 2014; Ohman et al., 2021;
Silverberg et al., 2011). More recently, digital tools capturing both traditional cognitive
domains and novel markers such as speech-based measures, have been deployed in
large longitudinal cohorts and registries that include biomarker-characterised,
cognitively unimpaired older adults (e.g., ADNI4, BioFINDER-2, DELCODE,
PROSPECT-AD, RADAR-AD, REAL AD, SIDE-AD, SPeAk, WRAP, and the Brain
Health Registry). Although several of these tools are still undergoing validation for use
in preclinical AD, their inclusion in major collaborative research initiatives reflects
increasing confidence in their potential to detect subtle cognitive changes prior to the

onset of clinical symptoms (Polk et al., 2025).



134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

In contrast to AD, relatively few digital cognitive assessment tools are currently
available for FTD. Notable examples include the ALLFTD smartphone-based cognitive
assessment (Wise et al., 2022), deployed within the ALLFTD study, and Ignite, an
iPad-based platform used in the Genetic FTD Initiative (GENFI) study (Convery et al.,
2025; Moore et al., 2022). The slower development of digital cognitive tools in FTD
likely reflects the unique challenges posed by the disorder, including marked clinical
and cognitive heterogeneity and prominent behavioural symptoms that place different
demands on psychometric sensitivity and task design. Evidence from pen and paper
neuropsychological assessments in large longitudinal cohorts such as GENFI and
ALLFTD, has demonstrated that subtle cognitive decline across domains including
executive function, social cognition, attention, language, and episodic memory can be
detected in presymptomatic mutation carriers; however, these changes typically
emerge only in the years immediately preceding symptom onset (Jiskoot et al., 2016;
Poos et al., 2020; Rohrer, Nicholas, Cash, Cardoso, et al., 2015; Staffaroni et al.,
2022). By contrast, biomarkers such as neurofilament light chain (NfL) and structural
MRI often show abnormalities decades before clinical presentation, highlighting a
substantial gap in the temporal sensitivity of currently available cognitive measures in

FTD (Rohrer et al., 2015; Staffaroni et al., 2022).

Importantly, the trajectory and earliest manifestations of cognitive decline also vary by
genetic mutation. For example, social cognition and verbal fluency impairments have
been reported early in C9orf72 expansion carriers (Jiskoot et al., 2016; Lule et al.,
2020; Poos et al.,, 2022; Russell et al.,, 2021a), while memory and semantic
impairments are more common in MAPT mutation carriers (Cheran et al., 2019;

Jiskoot et al., 2016, 2018; Moore et al., 2020), and executive dysfunction tends to
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appear earlier in GRN mutation carriers (Barandiaran et al., 2012, 2019; Hallam et al.,
2014; Jiskoot et al., 2018). Therefore, this highlights an urgent need for digital
cognitive tools in FTD that (i) are sensitive to early presymptomatic changes, (ii) reflect

gene-specific impairment profiles, and (iii) are scalable for use in multi-site trials.

Ignite is an iPad-based cognitive app comprising 12 interactive tasks designed to
assess domains commonly affected in genetic FTD, including executive function,
processing speed, social cognition, visuospatial skills, arithmetic, and semantic
knowledge (Moore et al., 2022). Designed for remote self-administration, it includes
standardised instructions and practice trials with video demonstrations to ensure
usability across a wide range of users. Ignite has been tested in over 2,000 healthy
adults to establish normative data and has demonstrated good test-retest reliability
and concurrent validity with gold-standard neuropsychological measures (Convery et
al., 2025). The present study investigates the performance of Ignite in the GENFI
cohort, with the primary aim of determining its sensitivity to early cognitive changes in
presymptomatic mutation carriers, among genetic groups, and its association with

established markers of disease severity.

Materials and methods

Participants

Participants were recruited from 24 different sites in the GENFI study. The study was
approved by each local ethics committee and informed consent was obtained from all
participants. The cohort included individuals with symptoms of FTD diagnosed by

standard criteria and also presymptomatic mutation carriers and non-carriers, who are
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first-degree relatives of individuals with a genetic mutation but do not carry a mutation

themselves and therefore act as a natural control group.

Study design

Participants completed the Ignite assessment during their annual GENFI research
visit. All participants entered basic demographic information into the app before
completing each test in a predetermined order. They were told to read each test
instruction carefully and watch the example videos as many times as they deemed
necessary before attempting the test. No other instructions were provided. As per the
standard GENFI protocol, participants also completed a standard clinical history
(including the CDR+NACC-FTLD), and a neuropsychology battery. A blood sample
was collected from all participants to genotype individuals into mutation carriers and

non-carriers.

Materials

Ignite

Participants were presented with a short form within the app requiring them to enter
basic demographic information, including age (years), education (years), sex (M/F),
and country of residence. Participants then completed 12 separate cognitive tasks in
a predetermined order: Think Back Level 1 and Level 2, Sum Up, Colour Mix Levels
1-4, Face Match, Mind Reading, Swipe Out, Card Sort, Line Judge, Balloon Fair, Time
Tap, Path Finder Levels 1 and 2, and Picture Pair (Table 1). Detailed instructions were
presented at the beginning of each test accompanied by an example video
demonstrating how the task should be completed. No feedback was provided to
participants on their performance, and on the final page of the assessment participants

were required to select “Upload data”, which sent the results to a secure server.



206  Table 1: Descriptions of Ignite tests and cognitive domains, with corresponding GENFI neuropsychology tests mapping onto the same domains. D-

207  KEFS = Delis=Kaplan Executive Function System.



Cognitive domain

Ignite test

Task description

GENFI Neuropsychology

test

Processing Speed

Colour Mix (Level 1)

Participants are required to tap the name of a colour that matches the

colour of a circle.

D-KEFS Colour Naming

Colour Mix (Level 2)

Participants are required to match the name of a colour that matches

a colour word.

D-KEFS Word Reading

Path Finder (Level 1)

Participants are required to tap from one number to the next in

sequential order.

Trail Making Test Part A

Think Back (Level 1)

Participants must indicate whether a shape presented exactly

matches (including colour) the shape that preceded it.

Executive Function

Think Back (Level 2)

Participants must indicate whether a shape presented exactly

matches (including colour) the shape that came two before it.

Digit Span Backwards

Colour Mix (Level 3)

Participants are presented with a colour word written in different
coloured ink. They are required to choose the name of the colour that

matches the colour of the ink.

D-KEFS Ink Naming

Path Finder (Level 2)

Participants are required to alternate between tapping from numbers

to letters in sequence (i.e., 1, A, 2, B).

Trails Part B

Colour Mix (Level 4)

Participants are presented with a colour word written in different
coloured ink. They are required to complete the task as in Level 3,
unless a black border appears around the word in which case, they

should match the written word rather than the ink colour.

WAIS-R Digit Symbol Test

10



Card Sort

Participants are presented with four cards, one in each corner of the
screen, and one card in the middle. They are required to match the
card in the middle to one of the four cards according to a secret rule

(e.g., Colour, Shape or Number).

Swipe Out

Participants are presented with arrows pointing in a given direction.
They are required to swipe on the screen, in the direction of the
central arrow. Flanking arrows are either facing in the same

(congruent) or different (incongruent) direction.

Balloon Fair

Participants are required to pump a balloon to win money. The more
the balloon is inflated the more money there is available to collect,

however, if the balloon is pumped too much it can burst.

Calculation

Sum Up

Participants are required to select the correct answer (from four
options) to different calculations including additions, subtractions,

multiplications, and divisions.

Social Cognition

Face Match

Participants are required to tap the faces displaying a target emotion
that match a word written at the top of the screen (e.g., Happy,

Surprise, Anger, Fear, Sadness, Disgust).

Facial Emotion Recognition Test

Mind Reading

Participants are required to tap the pair of eyes (from four options)
that match a target emotion written at the top of the screen (e.g.,

reflective, contemplative).

11
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Visuospatial Function

Line Judge

Participants are required to select two lines that match with the

orientation of two target lines presented above.

Benson Complex Figure Copy

Semantic Knowledge

Picture Pair

Participants are required to select an image (from four options) that

best matches with a target image.

Modified Camel and Cactus Test

12
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Neuropsychology

Participants completed a comprehensive GENFI neuropsychological battery, including
the WMS-R Digit Span Forward and Backward (Morris et al., 2006), Trail-Making Test
(Parts A and B) (Corrigan & Hinkeldey, 1987), WAIS-R Digit Symbol Test (Morris et
al., 2006), D-KEFS Color-Word Interference Test (colour, word, and ink naming) (Delis
et al., 2007), Modified Camel and Cactus Test (Moore et al., 2020), Benson Complex
Figure (copy and recall) (Jiskoot et al., 2023), and the Facial Emotion Recognition Test

(Russell et al., 2020), see Table 1.

Statistical analysis

Statistical analyses were performed using Stata version 19 (StataCorp). For several
tests, including Think Back, Colour Mix, Mind Reading, Face Match, Sum Up, Picture
Pair, and Line Judge, a speed-accuracy trade-off score (SAT = total correct/average
reaction time) was calculated. Average reaction time was also calculated for the Swipe
Out task along with the Flanker effect measure (average reaction time of incongruent
trials - average reaction time of congruent trials). The total completion time (in
seconds) was calculated for Path Finder Levels 1 and 2. The total number of correct
categories achieved was the measure of interest for the Card Sort task, and the total
amount of money won was calculated for the Balloon Fair test. Age, sex, and
education adjusted z-scores were calculated for each Ignite outcome measure from a
normative population of over 2,000 healthy controls (Convery et al., 2025). To assess
performance by cognitive domain, individual test z-scores were averaged across
cognitive domains that they each tap into (Table 1), to create six individual cognitive
composites: Processing Speed, Executive Function, Social Cognition, Semantic

Knowledge, Calculation, and Visuospatial Function. The same approach was applied

13
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to the GENFI neuropsychology tests, with composites generated for each cognitive
domain (Table 1); however, z-scores were calculated relative to the performance of

the non-carrier group.

Demographic data were compared between groups using ANOVAs except for sex,
which was compared using a chi-square test. Linear regression models were used to
examine group differences between non-carriers and mutation carriers, stratified by
CDR+NACC-FTLD-NM global scores, first for individual Ignite tests and then for
composite scores. All models were adjusted for age, sex, and years of education.
When residuals violated normality assumptions, bootstrapped regression estimates
were obtained. Additional linear regressions were conducted to assess associations
between genetic group (C9orf72, GRN, and MAPT) and CDR+NACC-FTLD-NM global

scores on Ignite composite scores.

To evaluate the ability of the Ignite battery to discriminate mutation status, receiver
operating characteristic (ROC) analyses were conducted comparing Ignite and GENFI
neuropsychology composite scores for processing speed, executive function, and
social cognition. These domains were selected because they are among the earliest
and most affected in FTD, are represented by multiple tests within each composite,
and were therefore considered the most robust for this analysis. Separate analyses
were conducted for (1) symptomatic mutation carriers (CDR2= 1, N=69) and (2)
prodromal mutation carriers (CDR=0.5, N=110) versus non-carriers, within each
cognitive domain. Logistic regression models were fitted for the corresponding Ignite
and GENFI composite scores, adjusting for age, sex, and education. Adjusted

predicted probabilities from these models were used to generate ROC curves, from

14
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which area under the curve (AUC) values and 95% confidence intervals were derived

to quantify classification accuracy.

Results

Demographic data

Demographic data are displayed in Table 2. Symptomatic groups were significantly
older than controls and presymptomatic groups (p=0.003) and had significantly lower
years in education (p=0.031). There were no significant differences in sex between
the groups X?(6, N=1569)=10.4 (p=0.057). All symptomatic mutation carriers
performed significantly lower on the GENFI Neuropsychology tests and had higher
CDR+NACC-FTLD-NM sum of boxes scores than presymptomatic mutation carriers
(all p < 0.001).

Table 2: Demographic information and GENFI neuropsychology scores. All data are shown as

mean * standard deviation. NCs= non-carriers, SOB=sum of boxes. Bold values represent

(p<0.05) in comparison to non-carriers.

g?fémgfﬁba: 0 0.5 1 22 NCs

N 190 110 27 42 200
Sex (% male) 416 38.2 44.4 64.2 415
Age, y 44.6 +12.4 478+120  594+938  602+876  49.4+13.0
Education, y 15.8 + 3.01 154+270  139+289  13.8+3.16 157 +3.21
(F:ELRE;IL\IG%%B 0£0 111+074 474190  1261+434 0234068
Neuropsychology

Processing Speed  -0.28 +1.01 062+1.22  244+248  -3.80£296  -0.00+0.82
Executive function ~ -0.07 +0.71 051+1.09  203+164  -2.23+146  -0.03+0.71
Social cognition -0.11+0.98 004+094  -238%+222  -347+219  -0.00+0.98
Visuo- 0.07 + 0.91 059+136  -1.87+160  -271+184  -0.001.00
construction

Semantic Knowledge  -0.12 + 1.14 035+133  -530%4.64  -656+540  -0.001.00

15
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Sensitivity to disease stage

All symptomatic mutation carriers performed significantly worse than non-carriers on
15 of the 16 Ignite tests (all p < 0.01), with the exception of the Think Back Level 2
task at the mildly symptomatic level (CDR=1) (see Table 3). Prodromal carriers (CDR
= 0.5) showed poorer performance than non-carriers on 10 tests (p < 0.05), and
asymptomatic carriers (CDR = 0) showed impairments on 8 tests (p < 0.05). At the
cognitive domain level, symptomatic carriers demonstrated significantly lower
performance across all six domains (p < 0.001), prodromal carriers were impaired in
all domains except social cognition, and asymptomatic carriers showed reduced
performance in executive function, social cognition, and calculation (see Table 3 and

Figure 1).

16



283
284
285

a)

Table 3: Differences on a) individual Ignite test scores and b) cognitive composites in FTD mutation carriers, stratified by CDR+NACC-FTLD-NM

global scores, compared to non-carriers. Adj. mean diff = adjusted mean difference between groups, LCI = lower 95% confidence interval, UCI =

upper 95% confidence interval.

>2
C:gnlt!ve Ignite test | Adj. p- Adj. p- Adj. p- Adj. p-
omain mean LClI UCl | mean LClI UCI | mean LClI UCI | mean LClI ucl
i value ! value . value ! value
diff diff
ColourMix | og 0422 -028 0412 | -026 0038 -050 -0.01
Level 1
. Colour Mix | 43 0216 -034 008 | -032 0011 -056 -0.07
Processing Level 2
HEEae Path Finder | 5414 0457 -034 005 | 043 0000 -066 -0.20
Level 1
Think Back | 5 19 0072 040 002 | -022 0074 -046 0.02
Level 1
Colour Mix | 58 0.007 -048 -0.08 | -059 0.000 -083 -0.34
Level 3
Colour Mix | 55 0020 -046 -0.04 | -033 0009 -058 -0.08
Level 4
Path Finder | 556 0003 -044 -009 | 050 0000 -074 -0.26
Executive ThL,eXeéZ X
function e=ack 1 047 0159 -041 007 | 018 0201 -046 0.10
Level 2
Balloon Fair | -0.28 0.008 -049 -0.07 | -020 0117 -045 0.05
Swipe Out | -0.32 0023 -059 -0.04 | -050 0.007 -0.87 -0.13
Card Sort | 010 0330 -032 011 | -020 0105 -045 0.04
Social Mind Reading | -0.39 0.001 -0.61 -0.16 | -0.16 0239 -0.42 0.11
cognition Face Match | 020 0.042 -040 -0.01 | -0.18 0.126 -041 0.05
Semantic . ,
knowledge Picture Pair -0.35 0.115 -0.78 0.09 -0.83 0.002 -1.34 -0.32
Visuospatial .
et Line Judge | -0.21 0.056 -042 001 | -0.35 0012 -063 -0.08
Calculation Sum Up 020 0046 -0.39 000 | -044 0000 -068 -0.20
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287

0.5

Cognitive Adj. Adj

domain mean v;’l;e LCl ucl | mean Vaﬂ;e Lcl ucl

diff diff

Processing

<pood 014 0114 -031 003 | -037 0000 -057 -0.18
Executive 028 0000 -041 -014 | -043 0.000 -0.62 -0.24
function
Social cognition -0.30 0.001 -0.48 -0.12 -0.17 0.114 -0.38 0.04
Semantic 035 0115 -078 009 | -0.83 0002 -134 -032
knowledge

Visuospatial 021 0056 -042 001 | -035 0012 -063 -0.08
function

Calculation 020 0046 -039 000 | -044 0.000 -0.68 -0.20
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Figure 1: Line graphs displaying mean Ignite cognitive domain z-scores by CDR+NACC-FTLD-NM global scores. Bars represent standard deviations.
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Genetic groups

Groups were stratified by CDR+NACC-FTLD-NM: C9orf72 (0=95, 0.5=68, 1=18,
>2=27), MAPT (0=29, 0.5=19, 1=6, =22=9), and GRN (0=66, 0.5=22, 1=4, >2=6).
Across all disease stages, C9orf72 expansion carriers performed significantly worse
than non-carriers across all six Ignite cognitive domains (all p < 0.05; Table 4, Figure
2). For MAPT, moderately to severely symptomatic carriers (CDR =2) showed
significantly poorer performance across all six cognitive domains compared with non-
carriers (p < 0.001). Mildly symptomatic carriers (CDR=1) also performed worse
across domains (p < 0.05), with the exception of processing speed, which did not differ
from non-carriers (p = 0.157). At the asymptomatic stage (CDR=0), significant
differences were observed in social cognition (p = 0.011) and semantic knowledge (p
= 0.001); however, no significant differences were detected between carriers and non-
carriers at the prodromal stage (CDR=0.5). Moderately to severely symptomatic GRN
carriers performed significantly worse than non-carriers across all six cognitive
domains (all p < 0.001). In the prodromal and mildly symptomatic stages, significant
differences were observed in executive function and semantic knowledge (p < 0.05).

No significant differences were detected at the asymptomatic stage.
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309
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311

Table 4: Ignite performance by cognitive domain and CDR+NACC-FTLD-NM by each genetic group, a) C90rf72, b), GRN, and c) MAPT.

C9orf72
Cognitive 0.5 22
domain Mean - Mean - Mean - Mean -
diff vaﬁue LCI ucl diff vaﬁue LCI ucl diff vap;ue LCI ucl diff vaplue LCI ucl
Processing speed | -0.31  0.003 -0.52 -0.11 -0.50 0.000 -0.73 -0.27 -1.26 0.000 -1.67 -0.86
Executive function | -0.46  0.000 -0.63 -0.28 -0.58 0.000 -0.78 -0.39 -1.31 0.000 -1.67 -0.95
Social cognition -0.41  0.000 -0.63 -0.19 -0.25 0.049 -0.49 0.00 -0.82 0.000 -1.27 -0.37
Semantic -0.57 0.033 -1.10 -0.05 -0.74 0.014 -1.32 -0.15 -2.67 0.000 -3.71 -1.63
Visuospatial -0.47  0.001 -0.75 -0.19 -0.62 0.000 -0.94 -0.31 -2.27 0.000 -2.82 -1.71
Calculation -0.37  0.002 -0.61 -0.13 -0.61 0.000 -0.88 -0.35 -1.38 0.000 -1.86 -0.91
GRN
Cognitive 22
domain Mean - Mean - Mean - Mean -
P R e I I A T e I S T o I A
Processing speed | 0.04 0.714 -0.19 0.27 -0.32 0.084 -0.67 0.04 -069 0.152 -1.64 0.26
Executive function | -0.14  0.168 -0.34 0.06 -0.33 0.042 -0.64 -0.01 -1.01 0.016 -1.82 -0.19
Social cognition -0.11  0.388 -0.36 0.14 -0.29 0.146 -0.67 0.10 -0.53  0.401 -1.78 0.71
Semantic 0.34 0.256 -0.25 0.93 -1.27 0.007 -2.19 -0.36 -1.65 0.031 -4.08 -1.78
Visuospatial -0.02 0.908 -0.33 0.30 0.16 0.532 -0.33 0.65 0.00 0.999 -1.30 1.30
Calculation -0.04 0.762 -0.31 0.23 -0.04 0.863 -0.45 0.38 -0.06 0.908 -1.16 1.04
MAPT
Cognitive 22
domain Mean - Mean - Mean - Mean -
diff vaﬁue LCI uci diff vaﬁue LCl uci diff vaplue LCI ucl diff vaF:ue Ll ucl
Processing speed | -0.18  0.281 -0.51 0.15 -0.15 0.444 -0.54 0.24 -0.49 0.157 -1.16 0.19
Executive function | -0.14  0.350 -0.42 0.15 -0.12 0.469 -0.46 0.21 -0.71 0.028 -1.34 -0.08
Social cognition -046 0.011 -0.82 -0.11 0.17 0.415 -0.25 0.60 -1.04 0.010 -1.83 -0.25
Semantic -1.43 0.001 -2.28 -0.59 -0.75 0.143 -1.75 0.25 -3.07 0.001 -4.79 -1.35
Visuospatial -0.07 0.751 -0.52 0.38 -0.24 0.386 -0.77 0.30 -1.65  0.000 -2.57 -0.73
Calculation -0.05 0.805 -0.43 0.33 -0.34 0.136 -0.80 0.11 -0.83  0.037 -1.61 -0.05
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Figure 2: Line graphs displaying mean Ignite cognitive domain z-scores by CDR+NACC-FTLD-NM global scores and genetic group.
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ROC analyses

Across cognitive domains, Ignite and the GENFI neuropsychology composites showed
robust discrimination between symptomatic mutation carriers (CDR=1) and non-
carriers. For executive function, Ignite achieved an AUC of 0.92 while the GENFI
composite yielded an AUC of 0.90 (Figure 3, Table 5). Discrimination was similarly
high for processing speed (Ignite AUC = 0.92; GENFI AUC = 0.93) and social cognition
(Ignite AUC = 0.91; GENFI AUC = 0.92). In contrast, discrimination between prodromal
carriers (CDR=0.5) and non-carriers was consistently lower across domains. For
executive function, AUCs were 0.66 for Ignite and 0.60 for GENFI. For processing
speed, Ignite demonstrated an AUC of 0.70, compared with 0.64 for GENFI.
Discrimination was weakest for social cognition, with AUCs of 0.58 for Ignite and 0.55
for GENFI.

Table 5: ROC analyses between Ignite and GENFI neuropsychology composites for

classification of symptomatic and prodromal mutation carriers across multiple cognitive

domains. AUC=Area under the curve, Cls=95% confidence intervals.

GENFI
Cognitive Ignite
Groups q ] Neuropsychology
omain
AUC Cls AUC Cls
Executive | 904 | 084095 | 0922 | 0.87-0.97
function
Symptomatic 5 _
(CDR1) rocessing | 0929 | 0.89-097 | 0918 | 0.86-0.97
] speed
carriers .
Social 0.920 0.87-0.96 0.906 0.86-0.96
cognition
Prodromal | —SCUtVe | 0609 | 0.54-0.69 | 0.661 0.55-0.70
function
(CDR=0.5) 5 :
rocessin
carriers 9 0640 0.63-0.76 0.696 0.57-0.70
speed
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Social

cognition

0.551

0.48-0.62

0.577

0.49-0.63
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Figure 3: ROC curves comparing Ignite and GENFI neuropsychology measures in distinguishing a) symptomatic and b)

prodromal mutation carriers from non-carrier controls across cognitive domains.
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Discussion

The present study evaluated the sensitivity of the Ignite app for detecting early
cognitive impairment in a large cohort of individuals from the GENFI study. Our
findings demonstrate that Ignite is sensitive to cognitive deficits associated with
genetic FTD and is able to distinguish symptomatic and prodromal mutation carriers
from non-carriers across multiple cognitive domains, and even asymptomatic carriers
from non-carriers in domains known to be affected early in the disease course. Across
genes, Ignite revealed distinct patterns of cognitive impairment that varied by disease
stage. C9orf72 expansion carriers showed widespread deficits across all Ignite
domains, including detectable impairments at the asymptomatic stage, indicating
particular sensitivity of Ignite to very early cognitive changes in this group. In contrast,
MAPT and GRN mutation carriers demonstrated more stage-dependent and domain
specific impairments, consistent with differing cognitive profiles across genetic forms
of FTD. Importantly, Ignite showed comparable discriminative performance compared
with standard pen-and-paper neuropsychological assessments at the symptomatic
level, and mildly superior discriminative abilities during the prodromal phase,
supporting its potential utility as a digital cognitive outcome measure for future clinical
trials. Over time, integrating digital tools like Ignite into routine assessments may allow
for more continuous and ecologically valid tracking of cognitive trajectories, supporting

a shift towards more personalised and responsive care pathways.

Sensitivity of Ignite to cognitive impairment

At the individual test level, nearly all Ignite tasks were sensitive to cognitive impairment
in symptomatic mutation carriers; however, not all measures demonstrated equivalent

sensitivity across disease stages. Notably, the Think Back Level 2 task did not
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differentiate mildly symptomatic carriers from non-carriers, suggesting that this task
may be less sensitive to early or moderate disease related changes. This may reflect
limited task complexity or relatively preserved working memory function in early FTD.
As such, certain individual tasks, particularly those that do not show consistent group
separation, may be candidates for exclusion or modification in future analyses to

optimise the sensitivity of the Ignite battery.

Importantly, domain level analyses suggest that executive function, social cognition,
and calculation may represent the earliest cognitive domains detectable using Ignite.
Impairments in these domains were evident in asymptomatic carriers, supporting their
potential utility as early digital biomarkers of disease related change. Previous work
from GENFI using standard neuropsychometry demonstrated subtle cognitive decline,
but only prior to clinical symptom onset, particularly in the years immediately preceding
conversion (Jiskoot et al., 2016; Poos et al., 2020). The ability of Ignite to detect
impairments at the asymptomatic stages suggests that digitally derived measures,
such as reaction times and speed-accuracy trade-offs, that capture more detailed
aspects of performance variability may be more sensitive to early disease related
changes than traditional neuropsychological tests. Together, these findings highlight
the value of focusing on domain- and task-level sensitivity when refining digital
cognitive batteries and suggest that prioritising the most responsive measures may

enhance the ability of Ignite to detect subtle presymptomatic changes.

Gene-specific cognitive profiles

Distinct patterns of cognitive impairment were observed across genetic subgroups, in
keeping with established genotype phenotype associations in FTD. For instance,

C9orf72 expansion carriers exhibited impairments across all cognitive domains at

27



379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

every disease stage, consistent with the broad and heterogeneous cognitive
phenotype associated with this mutation(Jiskoot et al., 2023; Mahoney et al., 2012;
Poos et al., 2020), and with early, widespread cortical and subcortical atrophy
(Saracino et al., 2025; Cash et al., 2018; Mahoney et al., 2012). MAPT mutation
carriers demonstrated early impairments in social cognition and semantic knowledge
at the asymptomatic stage, with broader cognitive deficits emerging as the disease
progressed, consistent with findings from pen-and-paper neuropsychological
assessments (Jiskoot et al., 2018; Moore et al., 2020; Poos et al., 2020, 2022) and
evidence of early temporal lobe involvement (Rohrer & Warren, 2011). This effect did
not persist at the prodromal phase, but this variability in performance is likely due to
the small numbers in this group. GRN mutation carriers exhibited prominent executive
and semantic impairments in the prodromal and mildly symptomatic stages, aligning
with the characteristic cognitive profile (Barandiaran et al., 2012, 2019; Hallam et al.,
2014; Jiskoot et al., 2018; Moore et al., 2020; Poos et al., 2020, 2022) and pattern of
neurodegeneration seen in this group (Cash et al., 2018; Rohrer, Nicholas, Cash,
Cardoso, et al., 2015). However, early changes were not detected, again consistent
with the relatively well-preserved cognitive performance we see in this group followed
by a more rapid decline following symptoms (Poos et al., 2022; Staffaroni et al., 2022).
These findings indicate that Ignite is sensitive not only to disease severity but also to

gene-specific cognitive signatures.

Comparison with standard neuropsychology

ROC analyses demonstrated that Ignite showed comparable discriminative
performance relative to the GENFI neuropsychology composites across multiple
cognitive domains for symptomatic carriers. Ignite moderately outperformed GENFI in

distinguishing symptomatic mutation carriers from non-carriers on executive function
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tasks but achieved similarly high AUCs across other domains. In contrast,
discrimination between prodromal carriers and non-carriers was consistently poorer
across all domains for both Ignite and GENFI, reflecting the subtle and heterogeneous
nature of cognitive impairment at this early disease stage. However, Ignite
demonstrated modestly higher AUCs than GENFI for all cognitive domains in
prodromal carriers. Together, these findings indicate that Ignite demonstrates robust
classification accuracy in established symptomatic disease and may offer improved
sensitivity during the prodromal phase. With further validation, these findings have
potential implications for future patient pathways. In clinical settings, tools such as
Ignite could complement or enhance standard neuropsychological assessments by
providing a more sensitive and granular measure of cognitive change, particularly in
the earliest stages of disease where traditional measures may lack precision,

supporting earlier identification of subtle cognitive decline.

An important methodological consideration is that z-scores for the two assessments
were derived from different reference populations. GENFI neuropsychology
composites are standardised relative to non-carrier family members within the cohort,
whereas Ignite z-scores are derived from a large normative dataset of over 2,000
healthy controls (Convery et al., 2025). This difference in normative anchoring may
contribute to observed differences in discriminative performance, particularly by
reducing variance and increasing sensitivity in the Ignite metrics. Nevertheless, the
consistent performance of Ignite across domains, coupled with its slightly superior
discrimination in early symptomatic and prodromal stages, supports its potential utility

as a sensitive outcome measure for clinical trials targeting early disease progression.
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Implications for clinical trials and remote assessment

The development of sensitive, scalable cognitive outcome measures is critical for the
success of disease-modifying trials in genetic FTD, particularly in presymptomatic and
prodromal populations. Ignite offers several advantages in this context, including self-
administration, standardised instructions, and suitability for remote deployment. Its
sensitivity to early cognitive change and ability to capture gene-specific impairment
profiles suggest that it may be particularly useful as a cognitive endpoint in multisite

and prevention-focused trials.

Limitations and future directions

Several limitations should be acknowledged. First, the analyses were cross-sectional,
limiting inferences about within-person cognitive change over time. Longitudinal
studies will be essential to determine the sensitivity of Ignite to subtle cognitive decline
and its utility for tracking disease progression. In addition, the prodromal phase of
disease is characterised by substantial inter-individual variability in both duration and
clinical expression, and the relatively small sample sizes within prodromal subgroups
may have reduced statistical power to detect subtle effects in this group. Heterogeneity
in the severity and profile of cognitive impairment within this group further complicates
discrimination at this early stage and likely contributes to the modest classification

performance observed.

Second, the current version of Ignite does not include an episodic memory task,
although recent evidence has emerged showing episodic memory may be affected
early in FTD, particularly in MAPT mutation carriers (Poos et al., 2021; Rohrer,
Nicholas, Cash, van Swieten, et al., 2015b), nor does it incorporate a performance

validity measure or collect detailed demographic information on ethnicity within the
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app. To address these limitations, a revised version of the battery (Ignite+) has been
developed, incorporating episodic memory and performance validity tasks alongside
enhanced demographic data capture, and will be deployed within future GENFI
studies. Further work should assess the robustness of Ignite+ across sites and
culturally diverse samples, and evaluate its integration with fluid biomarkers and
neuroimaging measures to enhance early disease detection and improve

characterisation of disease stage.

Conclusion

In summary, this study demonstrates that Ignite is a sensitive digital cognitive
assessment capable of detecting early cognitive impairment in genetic FTD. Ignite
showed good discriminative performance and demonstrated sensitivity to disease
severity and gene-specific cognitive profiles. These findings support the use of Ignite
as a promising cognitive outcome measure for future clinical trials and remote

monitoring in genetic FTD.
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