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Abstract Review Article

BACKGROUND: Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder, often
inadequately addressed by conventional treatments. Digital therapeutics (DTx) like AKL-TO1 (EndeavorRx), a video
game-based intervention, have emerged as innovative alternatives for improving attentional control. This rapid
review synthesizes recent evidence on the efficacy and implementation of AKL-TO1 in managing ADHD across
diverse populations.

METHODS: This rapid review involves a systematic search of PubMed, Scopus, and Web of Science (2020-2023)
which identified 127 records, with 122 excluded during screening (78 irrelevant, 44 non-English/non-peer-
reviewed). Five studies evaluating AKL-TO1 were included. Outcomes included attentional performance [Test of
Variables of Attention (TOVA) Attention Performance Index (API)], ADHD symptoms, and usability metrics.

RESULTS: Across 1516 participants, AKL-TO1 demonstrated significant improvements in objective attention
measures [mean TOVA effect size: ~0.5 standard deviation (SD) versus methylphenidate’s: ~1.0 SD], particularly in
pediatric populations. Parent-reported outcomes showed mixed results. Compliance rates averaged 83%-96%, with
minimal adverse effects.

CONCLUSION: AKL-TO1 shows promise as a safe, adjunctive DTx for pediatric ADHD. Ethical considerations
(e.g., data privacy, neurodiversity-affirming frameworks) and long-term efficacy require further study.
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Introduction commonly diagnosed pediatric mental health
Attention-deficit/ hyperactivity disorder disorders, ADHD affects approximately 5% of
(ADHD) is a neurodevelopmental disorder children worldwide and exerts a substantial
characterized by persistent patterns of burden on families, healthcare systems, and
inattention, hyperactivity, and impulsivity that society.2 Attentional difficulties specifically are
significantly impair daily functioning and associated with impairments in multiple
quality of life (QOL).! As one of the most domains, including academic functioning,

social behavior, and adaptive functioning in
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AKL-TO1: Efficacy and implementation in ADHD

demonstrated short-term efficacy.* However,
these traditional approaches face significant
limitations.+> Pharmacological treatments often
have side effects that limit their acceptability
and may not be suitable for all patients due to
caregiver preferences or concerns about abuse,
misuse, and diversion.* Meanwhile, behavioral
interventions face accessibility barriers due to
the shortage of properly trained pediatric
mental health specialists and variability in
insurance coverage.® Studies in both the
United States (US) and the United Kingdom
(UK) have found that most children with
pediatric mental health needs lack proper
access to services (Figure 1).7

ADHD Treatment Optiens

Digital Traditional
Therapeutics Medications
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treatments with potential side
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and real-time cfficacy
assessment

Therapy with
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variable success

Figure 1. ADHD treatment options

Digital therapeutics (DTx), such as AKL-T01
(EndeavorRx), have emerged as promising
alternatives.®# These evidence-based clinical
technologies can provide real-time assessment
through high-dimensional data collection
during patient engagement, potentially offering
objective measures of treatment adherence,
engagement, and symptom change.%10 This
capability = could reduce reliance on
retrospective, subjective symptom reporting
and enhance the efficiency of clinical visits.1011

AKL-T01, a Food and Drug Administration
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(FDA)-authorized video game-based
intervention, engages patients through video
game graphics and reward loops while
employing real-time adaptive mechanisms that
continuously personalize difficulty based on
user performance.l213 It targets attentional
control through adaptive difficulty
mechanisms that engage frontoparietal
networks, =~ which  modulate = dopamine
pathways implicated in ADHD
pathophysiology.1214 Recent trials, including
the Software Treatment for Actively Reducing
Severity of ADHD (STARS-ADHD)
randomized controlled trial (RCT) (Kollins et
al., 2020), demonstrate significant
improvements in objective attention measures
[e.g., Test of Variables of Attention (TOVA)
scores].’> Subsequent studies (Stamatis et al.,
2024) extend these findings to adolescents and
adults, suggesting broad applicability.1617

While these findings are promising,
significant challenges remain in translating
DTx into globally applicable care.’® Equity
challenges, such as reliance on technology in
low-income populations,’® and ethical risks of
overmedicalization (e.g. pathologizing
neurodiversity) are understudied.?0

This rapid review synthesizes recent
evidence (2020-2023) on AKL-T01’s efficacy,
safety, and implementation challenges, focusing
on objective cognitive outcomes, real-world
applicability, and ethical considerations. By
analyzing five comprehensive studies,!517.2122
the clinical impact, implementation outcomes,
and broader implications for ADHD
management are explored. The analysis
focuses particularly on objective measures of
attention, behavioral outcomes, and practical
considerations for clinical implementation.

Methods

This rapid review adhered to a structured
protocol to synthesize recent evidence on
AKL-T01’s efficacy and implementation for
ADHD management. The following steps were
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executed to ensure rigor while aligning with
rapid review standards (Figure 2).
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Figure 2. Systematic search and study
selection process

A systematic search was conducted across
PubMed, Scopus, and Web of Science (January
1, 2020-December 31, 2023). Search terms
included keywords and synonyms:

Intervention terms: "AKL-TO01",
"EndeavorRx", '"digital therapeutic", "digital
therapeutics", "gamified cognitive therapy",
"adaptive digital intervention", "video game-
based cognitive training"
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Condition terms: "ADHD", '"attention-
deficit/hyperactivity =~ disorder", "attention
deficit hyperactivity disorder"

Outcome terms: '"attention", 'cognitive",
"executive function".

Strategies were tailored to each database in
consultation with a medical librarian (Table 1).

Study selection process: The study selection
process was carried out in two stages. First,
titles and abstracts were screened to identify
potentially relevant studies. Then, a full-text
review of the potentially eligible articles was
conducted. Two independent reviewers (AKH
and MA) performed both stages, using
standardized forms in Covidence systematic
review software. Of 127 initial records, 122
were excluded (78 irrelevant, 44 non-
English/non-peer-reviewed).

Inclusion criteria: Studies were included if
they met specific criteria. The study design had
to fall under one of the following categories:
RCTs, non-RCTs, prospective cohort studies,
case-control studies, or systematic reviews with
meta-analyses. The study population had to
consist of participants diagnosed with ADHD
according to Diagnostic and Statistical Manual
of Mental Disorders-Fifth Edition (DSM-5)
criteria®® and could include any age group or
geographical location. Studies were included
only if participants were diagnosed with
ADHD using DSM-5 criteria. While some
studies used supplementary tools like the
Conners 3 for symptom assessment, DSM-5
diagnosis was mandatory for inclusion. The
intervention had to involve AKL-TO01, either as
a primary or adjunctive treatment, with a
minimum duration of 4 weeks, and conducted
in any setting (clinical or home-based). Primary
outcomes needed to include quantitative
measures of attention or ADHD symptoms,
while secondary outcomes could include QOL,
functional outcomes, or adherence measures.
Only studies published in English and peer-
reviewed journals between January 2020 and
December 2023 were considered.
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Table 1. Search strategy

Database

Search Syntax

PubMed ["AKL-TO1" (All Fields) OR "EndeavorRx" (All Fields) OR ["digital therapeutic" (All Fields) OR
"digital therapeutics" (All Fields)] AND ["Attention Deficit Disorder with Hyperactivity" (MeSH)

OR "ADHD" (All Fields) OR "Attention-Deficit/Hyperactivity Disorder" (All Fields) OR "Attention

Deficit Hyperactivity Disorder" (All Fields)] AND ["2020/01/01" (Date of Publication): *2023/12/31"

(Date of Publication)]

Scopus TITLE-ABS-KEY ("AKL-TO01" OR "EndeavorRx" OR "digital therapeutic*") AND TITLE-ABS-
KEY ("ADHD" OR "Attention-Deficit/Hyperactivity Disorder" OR "Attention Deficit Hyperactivity
Disorder") AND TITLE-ABS-KEY (“attention” OR "cognitive” OR "executive function*") AND
publication year > 2019 AND publication year < 2024 AND language (English)

Web of Science

TS = ("AKL-T01" OR "EndeavorRx" OR "digital therapeutic*") AND TS = ("ADHD" OR

"Attention-Deficit/Hyperactivity Disorder" OR "Attention Deficit Hyperactivity Disorder") AND TS
= ("attention" OR "cognitive" OR "executive function*") Refined by: AND languages: (English)
AND publication years: (2020-2023)

ADHD: Attention-deficit/hyperactivity disorder

Exclusion criteria: Studies were excluded if
they met certain criteria. Case reports,
narrative reviews, opinion pieces, protocol
papers, or conference abstracts without full
data were excluded. Studies were also
excluded if they involved participants without
a formal ADHD diagnosis or if they included
mixed neurodevelopmental disorders without
separate ADHD data. Additionally, studies
that focused on digital interventions other than
AKL-TO01 or had an implementation duration
of less than 4 weeks were excluded. Non-
English language publications, non-peer-
reviewed sources, or duplicate publications of
the same study were also not considered.

Data extraction: A standardized and pilot-
tested form was used for data extraction. The
data extracted included various study
characteristics, such as authorship, publication
year, study design, setting, sample size, and
study duration. Information on funding
sources and potential conflicts of interest was
also collected. Population characteristics,
including age, gender, geographic location (all
studies were US-based), ethnicity, ADHD
subtype and severity, comorbidities, and
concurrent treatments, were documented.
Details of the intervention, such as the
implementation protocol, duration, frequency,
adherence rates, and technical specifications,
were also extracted. Finally, outcome measures

related to both primary and secondary
outcomes were recorded, including the
assessment tools used, the timing of
assessments, and any effect sizes or confidence
intervals (Cls) reported.

The data extraction was conducted
independently by two reviewers using
Research Electronic Data Capture (REDCap)
tools, and a third reviewer verified a
random 20% sample for quality control.
Studies with incomplete outcome reporting
were excluded during full-text screening.
For included studies, missing data were noted
but not imputed. Moreover, data privacy
measures were noted but not analyzed due to
focus on efficacy.

Data analysis: Data analysis was conducted
in three phases. The first phase involved a
descriptive analysis of the study characteristics.
In the second phase, a narrative synthesis of
the intervention effects was performed,
summarizing the findings from the included
studies and assessing effect direction
(improvement/no change). The third phase
focused on assessing the implementation
outcomes of the interventions. Due to the
heterogeneity in the outcome measures and
study designs, a meta-analysis was not
conducted. Instead, effect sizes were reported
where available, and patterns across studies
were identified through thematic analysis.
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Results

Study characteristics: Five studies evaluating the

efficacy and usability of AKL-T01 in managing

ADHD were included. These studies

comprised various designs, including an RCT,

multicenter open-label studies, and secondary
analyses. The total sample across the studies
included 1516 participants, encompassing
children, adolescents, and adults. Most studies
targeted pediatric populations (mean age
range: 9.0-9.7 years), while two analyses
extended findings to adolescents and adults.

The proportion of male participants ranged

from 67% to 70%, and all studies diagnosed

ADHD based on DSM-5 criteria (Table 2).
Primary outcomes: The primary outcome

across studies was the improvement in

attention performance, as measured by the

TOVA Attention Performance Index (API) or

similar cognitive metrics:

o Kollins et al. (2020)15: The RCT demonstrated
significant improvements in the TOVA API
among the AKL-T01 group (mean change:
0.93) compared to the control (mean change:
0.03, P = 0.0060).

e Kollins et al. (2021)2: A multicenter open-
label study observed a mean TOVA API
improvement of 0.86, confirming efficacy
under non-controlled conditions.

o Flannery et al. (2024)21: Secondary analyses
reported significant TOVA API
improvements, highlighting robustness
across subpopulations.

o Stamatis et al. (2024)617: Both a secondary
analysis and a single-arm trial indicated
significant gains in Attention Comparison
Score (ACS) with mean improvements of 2.64
in adolescents and similar results in adults.
Secondary outcomes: Secondary outcomes

varied across studies, including parent-

reported ADHD symptoms, clinician-rated
functional impairments, and QOL metrics:

e No significant group differences were
observed in parent/clinician-reported et al.1>

e Improvements in attention consistency (e.g.,
reduced reaction time variability) were noted
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in multiple studies, such as Kollins et al.22
o Stamatis et al. (2024) reported increased QOL

in adults and reductions in ADHD-Rating

Scale (ADHD-RS) scores in adolescents, with

mean total score reductions of 5.3.1617

Safety and wusability: AKL-TO1 was well-
tolerated, with mild side effects such as
frustration and headache occurring in fewer
than 7% of participants. Compliance rates were
high, averaging 83% to 96% across studies,
reflecting the feasibility of the intervention as
an at-home treatment.

Key insights and limitations: The cumulative
evidence suggests that AKL-TO1 effectively
improves objective measures of attention, such
as the TOVA API, particularly in pediatric
populations. However, parent and clinician-
reported measures of ADHD symptoms
showed less consistent improvement.
Differences in secondary outcomes across
studies may reflect variations in study design,
sample characteristics, or measurement tools.

This analysis underscores the potential of
AKL-TO1 as a safe, engaging, and accessible
DTx for ADHD, addressing the limitations of
conventional pharmacological and behavioral
interventions. Future research should explore
its long-term efficacy, optimal dosing
schedules, and applicability to diverse ADHD
subpopulations.

Discussion

This rapid review synthesizes evidence from
five comprehensive studies on AKL-T01, a
novel DTx for ADHD management.!517.21,22
The findings consistently demonstrate that
AKL-T01 improves objective measures of
attention, particularly the TOVA API with
effect sizes [~0.5 standard deviation (SD)]
robust across pediatric populations. However,
improvements in parent- and clinician-
reported ADHD symptoms were less
consistent, highlighting a gap between
laboratory-based cognitive gains and real-
world behavioral outcomes.
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Kollins

Randomized

Table 2. Summary characteristics of included studies
Primary outcomes

Population characteristics

Intervention details

Secondary outcomes

Khateri and Afshar

Key conclusions

et al.’®

Kollins
et al.?2

Flannery
et al.?!

Stamatis
et al.1®

controlled
trial

Multicenter,
open-label

Secondary
analysis

Secondary
analysis of
3 trials

348 children (mean age: 9.7
years, 69% boys) with
ADHD, without comorbid
conditions, not on ADHD
medication during the trial

206 children (mean age: 9.0
years, 67% boys), ADHD
diagnosis based on DSM-5
criteria, 130 on stimulant
medication and 76 not on
stimulants during the trial

579 participants (children,
adolescents, and adults; mean
age: 11.7 years, 68% boys),
ADHD diagnosis based on
DSM-5 criteria, not on
ADHD medication during
the trials

3 trials: adults (n =221, mean
age = 39.9 years, 70%
women), adolescents (n = 162,
mean age = 14.4 years, 41%
girls), children (n = 180, mean
age = 9.7 years, 31% girls),
all with ADHD

AKL-TO1 or active
control, 25 minutes/day,
5 days/week for 4 weeks

AKL-TO01, 25
minutes/day, 5 days/week
for 4 weeks, delivered via
a video-game-like digital

platform as adjunct to
medication, with 4-week
pause

AKL-TO01, 25

minutes/day, 5

days/week, for 4-6
weeks, delivered
digitally

AKL-TO01 game-based
treatment for 4-6 weeks,
personalized adaptive
levels

Mean TOVA API
improvement: AKL-TO1
(0.93), control (0.03),
P =0.006

Mean TOVA API
improvement from
baseline: 0.86 (95% ClI:
0.58-1.14), statistically
significant (P < 0.001)

Statistically significant
TOVA API
improvements for both
boys and girls (mean
change: boys: 0.98, girls:
0.91, P < 0.05)

Significant improvement
in TOVA-ACS across
groups: adults (f = 0.16,
P < 0.001), adolescents
(B =0.09, P =0.007),
children (B = 0.06,

P =0.014)

No significant difference
on parent/clinician-
reported ADHD-RS, but
AKL-TO01 improved
attention consistency and
processing speed
(TOVA subscales)
Improved attention
consistency (TOVA
subscales) and response
time, no significant
adverse events reported

No significant sex-based
differences in outcomes;
improved attention
consistency and processing
speed observed across all
participants

Increases in quality of life
(adults) and reduced
ADHD symptoms
(adolescents)

AKL-T01 demonstrated
efficacy in improving
attention with a favorable
safety profile. Further
studies are needed for
long-term effects and
generalizability.
AKL-T01 demonstrated
effectiveness in improving
attention in children with
ADHD, both on and off
stimulant medication, with
a favorable safety and
tolerability profile.
AKL-TO1 was effective in
improving attention across
different sexes and age
groups. The findings
suggest generalizability
of the intervention’s
effectiveness, though
further research is needed
for long-term outcomes.
AKL-TO01 metrics
correlate with
improvements in validated
measures of attention and
clinical outcomes.
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Table 2. Summary characteristics of included studies (continue)

Population characteristics Intervention details Primary outcomes Secondary outcomes Key conclusions

Stamatis  Single-arm  Adolescents (n = 162, mean AKL-TO1, Adolescents: mean ADHD-RS improvements: Evidence suggests
etal.l’ trials age = 14.4), adults (n =221, 5 days/week for 4 weeks TOVA-ACS adolescents (mean total AKL-TO1 improves
mean age = 39.9), (adolescents) or 6 improvement of 2.64 score change = -4.59), attention and ADHD
ADHD diagnosis, varied weeks (adults) (P <0.0001), adults: adults (mean total score Symptoms across age

stimulant use mean TOVA-ACS change = -8.27), adults groups with good

improvement of 6.46 also reported improved compliance and a

(P <0.0001) quality of life (AAQOL favorable safety profile.

mean change = 7.84)
ADHD: Attention-deficit/hyperactivity disorder; TOVA: Test of Variables of Attention; API: Attention Performance Index; ADHD-RS: Attention-deficit/hyperactivity disorder-rating scale;

DSM-5: Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition; CI: Confidence interval; ACS: Attention Comparison Score; AAQOL: Adult ADHD quality of life
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AKL-TO1 offers several advantages over
traditional ADHD treatments.#111522  The
intervention is delivered through an engaging
video game interface, which promotes
adherence (compliance rates: 83%-96%) and
minimizes stigma.6131522 Its digital nature
addresses barriers to access, such as the limited
availability = of trained mental health
professionals and the logistical challenges
associated with behavioral therapies. Moreover,
the mild and infrequent side effects of AKL-T01
make it an attractive alternative or adjunctive
option to pharmacological treatments which
often have more significant safety concerns.!1-15
Notably, =~ AKL-T01’s adaptive difficulty
system targets frontoparietal networks — key
circuits implicated in ADHD's
dopamine/norepinephrine dysregulation!>22 —
which may explain its specificity compared to
generic "brain training" tools.

These findings suggest that AKL-T01 could
serve as a valuable tool in comprehensive
ADHD management, particularly for families
seeking non-pharmacological or supplementary
interventions. The intervention's scalability also
positions it as a promising approach for
underserved populations or regions with
limited mental health resources. However, its
TOVA effect size (~0.5 SD) is half that of
methylphenidate (~1.0 SD), suggesting that it is
best positioned as an adjunctive rather than a
standalone intervention.2+%

The studies included in this review
demonstrated robust methodologies, including
RCTs and large sample sizes (1516 participants),
which enhance the credibility of AKL-T01's
reported efficacy in improving objective
attention measures like the TOVA APIL151721.22
High compliance rates (83%-96%) and mild side
effects (e.g., frustration, headache in < 7% of
participants)  further support AKL-T01's
feasibility  as a  non-pharmacological
intervention.’>2 The intervention’s engaging
video game interface and adaptive algorithms
targeting frontoparietal networks!2!4 address

Khateri and Afshar

barriers to accessibility and stigma, positioning
it as a scalable solution for underserved
populations. However, limitations must be
acknowledged. Subjective outcomes, such as
parent- and clinician-reported ADHD-RS
scores, often failed to align with objective
cognitive improvements,? potentially due to
the short study durations (4-6 weeks) or
insensitivity of these measures.’>22 Geographic
bias is evident, as all studies were US-based,
limiting generalizability to low-resource settings
where Internet access or cultural relevance of
game design may hinder adoption.? Ethical
risks, including data privacy concerns for minors
and the potential for overmedicalization (e.g.,
framing ADHD as a “cognitive deficit”) remain
understudied. Additionally, commercial bias is
notable, as most studies were industry-funded,
underscoring the need for independent
replication.? Missing data in some studies,
though noted, were not imputed, introducing
potential skew. Long-term efficacy (> 6 months)
and impacts on academic/social functioning
remain unclear,? as does applicability to
adolescents, adults, and individuals with
comorbidities.!5>1722

Future research should prioritize long-term
outcomes to assess whether TOVA
improvements translate to meaningful gains in
academic performance or social functioning
while expanding diversity through trials in
non-Western populations and low-income
settings to evaluate structural barriers such
as limited broadband access (reported in ~30%
of underserved households). Integrating
neuroimaging [e.g., functional magnetic
resonance imaging (fMRI)] could validate
AKL-T01’s mechanistic impact on
frontostriatal networks, bridging gameplay
mechanics with neurocognitive outcomes.
Finally, developers and clinicians must balance
messaging by adopting neurodiversity-
affirming frameworks that celebrate strengths
while addressing impairments, ensuring DTx
interventions avoid stigmatization.

8 Chron Dis J, Vol. 13, No. 3, Summer 2025

http://cdjournal.muk.ac.ir, 06 July



AKL-TO1: Efficacy and implementation in ADHD

Improved Attention Measures - - -
]

High Adherence -- -
I
Minimal Side Effects - -

Khateri and Afshar

\\\ oo ’,,{ @ Future Needs ]
AKL-T01

e Long-Term Studies

- - - Broader Populations
1

'~-- Combination Therapy Research

[ Limitations ]

’
|

‘:- - - Short-Term Focus

'~ Limited Data on Adolescents/Adults

Figure 3. Conceptual model of AKL-T01 digital therapeutic’s clinical impact and
implementation in ADHD management

Conclusion

AKL-T01 represents a promising advancement
in ADHD management, offering a safe,
engaging, and accessible option for improving
attention in pediatric populations. While
further research is needed to clarify its
long-term benefits and impact on broader
ADHD symptoms, AKL-T01 aligns with the
growing demand for innovative, patient-
centered therapeutic approaches. With
continued investigation, it has the potential to
become a cornerstone of comprehensive
ADHD care (Figure 3).
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