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Purpose of review

Cancer-related cognitive impairment (CRCI) is a frequent and clinically meaningful consequence of cancer,
yet current evidence is largely derived from older adult populations. Adolescents and young adults (AYAs)
may be particularly vulnerable due to ongoing neurodevelopment, high cognitive demands, and cancer-
related biological and psychosocial stressors. This review is timely given the growing interest in biological
mechanisms and preventive models of CRCI, alongside the persistent lack of AYA-specific syntheses
addressing cognitive trajectories, mechanisms, and optimal intervention timing.

Recent findings

Approximately 25–30% of AYAs experience CRCI, most commonly affecting attention, processing speed,
executive functioning, and working memory. Cognitive alterations may be detectable prior to treatment
initiation and can persist across the cancer trajectory. Emerging AYA-specific evidence implicates biological
mechanisms such as systemic inflammation and altered neuroplasticity, including changes in brain-derived
neurotrophic factor (BDNF). A consistent dissociation between subjective cognitive complaints and objective
performance is observed, underscoring the functional impact of subtle inefficiencies in academic and early
professional contexts. While non-pharmacological interventions show promise in the general CRCI literature,
early and AYA-specific preventive interventions remain scarce.

Summary

CRCI in AYAs should be conceptualized as a dynamic, biologically grounded process embedded within
ongoing neurodevelopment. Early, developmentally sensitive, and multimodal interventions may represent a
key opportunity to preserve long-term cognitive, functional, and psychosocial outcomes in this vulnerable
population.
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and neuroplasticity

INTRODUCTION
Cancer-related cognitive impairment (CRCI) is now
widely recognized as a frequent and clinically mean-
ingful consequence of cancer and its treatments
across the oncology care continuum [1&]. Over the
past year, 18 systematic reviews and meta-analyses
addressing CRCI in cancer patients were identified,
emphasizing the growing importance of research in
this field (see Table 1).

Across the general CRCI literature, large-scale sys-
tematic [2&], an umbrella reviews [1&] and a meta-
analysis [3] consistently report impairments across
multiple cognitive domains, including memory,
attention, executive functions, and information proc-
essing speed. These impairmentsmay be present prior
to treatment initiation, worsen during active treat-
ment, and persist long after treatment completion

[1&,2&]. Growing attention has been devoted to the
biological mechanisms underlying CRCI, with neuro-
imaging reviews suggesting functional and structural
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alterations in large-scale brain networks, particularly
default mode, executive, and attentional networks,
following anticancer treatments, albeit with hetero-
geneous findings largely derived from adult samples
[4].

These neural alterations are embedded within
neuroplastic processes, defined as the capacity of
the brain to reorganize in response to biological
and environmental challenges [5&&] that may reflect
both deleterious mechanisms (e.g., neuroinflamma-
tion, oxidative stress, and reductions in neurotrophic
factors), and adaptive mechanisms that aim to main-
taining cognitive functioning [5&&]. Consistent with
this framework, systemic inflammation, stress-axis
dysregulation, and changes in brain-derived neuro-
trophic factor (BDNF) levels have been repeatedly
associated with CRCI [6].

CRCI is associated with substantial impairments in
quality of life, functional autonomy, and social partic-
ipation, representing a major source of long-term mor-
bidity for cancer survivors from 5 to 75years old [1&].
Meta-analytic evidence indicates that chemotherapy is
associated with small-to-moderate declines in objec-
tively measured attention, particularly during the first
year post-treatment, although differences between che-
motherapy-treated and non-chemotherapy patients

remain less consistent [3]. Qualitative [7] and mixed
methods reviews [1&,2&] consistently describe CRCI as a
disruptive and often invalidating experience, with per-
sistent effects on return to work, social relationships,
personal identity, and self-esteem. Across reviews, a
marked dissociation is observed between objective cog-
nitive performance and subjective cognitive com-
plaints, with subjective complaints frequently being
more pronounced than impairments detected by stand-
ardizedneuropsychological tests,underscoring theneed
to integrate patient-reported outcomes and functional
measures intoCRCI research, beyond standardizedneu-
ropsychological testing alone [1&,2&].

Despite this expanding body of evidence, several
reviews converge on important methodological and
conceptual limitations [1&,2&]. The CRCI literature
remains highly fragmented, with substantial hetero-
geneity in study design, intervention protocols, out-
come measures, and timing of assessments [2&]. A
recent systematic review identified more than 150
different neuropsychological tools used to assess cog-
nition in non-central nervous system cancer popula-
tions,with limited adherence to the recommendations
of the International Cancer and Cognition Task Force
[8]. This variability limits cross-study comparability,
the synthesis of intervention effects, and the identifi-
cation of reliable cognitive trajectories [8,2&].

In response to the growing recognition of CRCI, a
range of non-pharmacological interventionshas been
developed and evaluated, including cognitive reme-
diation and training programs [9–12], physical activ-
ity-based interventions [13–15], and mind-body and
psychological approaches [16–18]. Syntheses from
recent systematic reviews [2&] and an umbrella review
[1&] indicate that these interventions are generally
associated with improvements in cognitive and
patient-reported outcomes, although effect sizes vary
across cognitive domains and interventionmodalities
[1&,2&]. Cognitive training interventions show the
most consistent benefits on objective cognitive per-
formance, particularly in executive functions and
memory [9–12]. Physical activity-based interventions
have also demonstrated beneficial effects on atten-
tion, working memory, and executive functioning,
albeit with substantial heterogeneity related to exer-
cise type, duration, and timing relative to cancer treat-
ment [13–15]. In contrast, mind-body and psycho1
logical interventions primarily appear to improve
subjective cognitive complaints and quality of life
rather than objective cognitive performance [16–
18]. Recent reviews also highlight digital and com-
puterized cognitive interventions as particularly pro-
mising in terms of accessibility, scalability, and feasi-
bility, especiallyduring active treatment [9].However,
most interventions have been implemented after
treatment completion, reflecting a predominantly

KEY POINTS

� Evidence supports the involvement of biological
mechanisms underlying cancer-related cognitive
impairment (CRCI) in adolescents and young adults
(AYAs), including systemic inflammation, alterations in
neuroplasticity, and changes in brain-derived
neurotrophic factor (BDNF), with cognitive impairments
detectable prior to treatment initiation.

� CRCI is a frequent and clinically meaningful condition
in AYAs, affecting multiple cognitive domains, including
attention, processing speed, executive functioning, and
memory.

� CRCI is associated with substantial consequences for
quality of life, functional autonomy, educational and
occupational trajectories, and psychosocial
development in AYAs.

� A marked dissociation between objective cognitive
performance and subjective cognitive complaints is
consistently observed in AYAs, reinforcing the
importance of integrating patient-reported outcomes into
CRCI assessment and clinical care.

� Non-pharmacological interventions, including cognitive
training, physical activity, and psychological
approaches, show promise for improving cognitive and
patient-reported outcomes, but AYA-specific and early
preventive interventions remain scarce.

Supportive care
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restorative model that may overlook earlier windows
of vulnerability in the cancer trajectory [2&,5&&].

Within this emerging neurobiological frame-
work, a recent review has proposed a neuroprotective
model of CRCI prevention, emphasizing interven-
tions implemented before or during chemotherapy,
including physical activity, cognitive, pharmacolog-
ical, nutritional, and multimodal approaches [5&&].
This work marks a shift from a predominantly restor-
ative to a preventive perspective grounded in bio-
logical and neurocognitive mechanisms such as
neuroinflammation and altered neuroplasticity.

AYAs with cancer represent a distinct and partic-
ularly vulnerable population in this context, as the
cognitive demands of this developmental period inter-
sect with cancer-related biological and psychological
stressors [19&,20&]. Several reviews emphasizeCRCI as a
central determinant of global functioning and life
trajectories in AYAs [19&]. Importantly, cancer and its
treatments occur during a period of ongoing brain
maturationandcognitivedevelopmentandmay there-
fore alter cognitive functioning in ways that differ
qualitatively from those observed in fullymature adult
populations. Despite high cognitive reserve, even
subtle inefficiencies may result in marked functional
consequences in this population, particularly in aca-
demic, vocational, and social contexts.

Despite this recognized vulnerability, AYAs remain
markedly underrepresented in CRCI research. Most
systematic reviews and meta-analyses primarily focus
on older adult populations, particularly breast cancer
survivors, while AYAs are often excluded, aggregated
with broader age groups, or receive limited dedicated
attention [1&,2&]. Consequently, the specific cognitive
trajectories, biological correlates, and intervention
needs of AYAs remain poorly characterized, and pre-
ventive approaches tailored to these developmental
periods are largely absent from the literature [19&,20&].

The objective of this review is therefore to pro-
vide a critical synthesis of the literature on CRCI and
interventions designed to prevent or mitigate its
effects, with a particular emphasis on intervention
timing and the specific needs of AYAs. This review
aims to identify key gaps in current knowledge,
discuss methodological and clinical implications,
and highlight priority directions for the develop-
ment of early, neuroprotective interventions tailored
to this vulnerable population.

METHODS
A targeted literature search was conducted using
the following strategy: (“AYA”[Title/Abstract]OR “ado-
lescent and young adult”[Title/Abstract] OR “young
adult”[Title/Abstract]) AND (“cancer”[Title/Abstract]
OR “neoplasm”[Title/Abstract]) AND (“cognitive

impairment”[Title/Abstract] OR “cancer-related cogni-
tive impairment”[Title/Abstract] OR “CRCI”[Title/
Abstract] OR “cognitive dysfunction”[Title/Abstract])
NOT (“older”[Title/Abstract] OR “pediatric”[Title/
Abstract] OR “childhood”[Title/Abstract]).

The search identified 13 records. Three primarily
medical studies were excluded as they focused on
medical rather than psychological outcomes. The
final corpus comprised 10 publications focused on
AYAs, published between 2022 and 2026 (see
Table 2). Most studies were observational in design
(n = 5) [21–25], complemented by two qualitative
investigations (n = 2) [26,27], one interventional
feasibility study (n = 1) [28&&], and two narrative or
systematic reviews synthesizing the available evi-
dence in this population (n = 2) [19&,20&].

OVERVIEW OF THE AYA-SPECIFIC
LITERATURE ON CRCI

Prevalence and clinical characteristics of
CRCI in AYAs

AYA-specific reviews [19&,20&] and observational stud-
ies [22,24] indicate that CRCI is a common and hetero-
geneous condition in this population,withprevalence
estimates of approximately 25–30% among AYA can-
cer survivors [19&,20&,22,24]. CRCI most frequently
affects attention, processing speed, executive func-
tioning, and working memory [24], and is described
by AYAs as fluctuating and context-dependent, often
exacerbated by fatigue, stress, and emotional burden
[26,27]. Importantly, cognitive impairments can be
observed early in the cancer trajectory, including prior
to treatment initiation. Indeed, a multicenter study
conducted shortly after diagnosis demonstrated
that approximately 40% of AYAs exhibited objective
deficits in attention and executive control before
exposure to systemic therapy, as assessed using stand-
ardized neuropsychological testing (CANTAB) [22].
Cognitive difficulties often persist beyond treatment
completion and exert a significant impact on quality
of life, daily functioning, and psychosocial adjust-
ment. Among AYA survivors, CRCI assessed via self-
reportedmeasures has been reported on average up to
a decade after diagnosis, and in some very long-term
survivor populations, up to approximately 25years
following treatment completion, underscoring the
long-term persistence of self-reported cognitive diffi-
culties in AYA cancer survivors [19&,20&].

Dissociation between subjective cognitive
complaints and objective performance

A consistent finding across AYA-specific studies is the
dissociation between subjectively reported cognitive

Cancer-related cognitive impairment in adolescents and young adults with cancer Servais et al.
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difficulties and objectively measured cognitive per-
formance. Comparative and observational studies
demonstrate that AYAs frequently report pro-
nounced cognitive complaints despite neuropsycho-
logical performance remaining within normative
ranges, a pattern that appears particularly salient
in this age group [20&,24]. Qualitative studies suggest
that standard neuropsychological assessments inad-
equately capture the real-world functional impact of
these difficulties, as even subtle cognitive changes
may interfere with demanding academic or early
professional activities [20&,24]. Moreover, qualitative
data highlight a bidirectional relationship between
cognitive complaints and psychological distress,
with anxiety and depressive symptoms exacerbating
perceived cognitive inefficiencies and persistent cog-
nitive difficulties further undermining emotional
well-being [27].

Biological correlates of CRCI in AYAs

AYA-specific evidence supports the presence of bio-
logical correlates of CRCI. Prior to treatment initia-
tion, AYAs with objective cognitive deficits show
elevated systemic inflammatory markers and re-
duced BDNF levels, suggesting early neurobiological
vulnerability independent of treatment-related neu-
rotoxicity. The study population mainly comprised
patients diagnosed with breast (24%) and head and
neck (22%) cancers [22]. Longitudinal studies further
indicate that fluctuations in inflammatory markers
and BDNF are closely associated with changes in
cognitive functioning across the cancer trajectory,
with lower BDNF linked to poorer cognitive perform-
ance and greater subjective cognitive complaints
during chemotherapy [23,25]. Together, these find-
ings support a dynamic model of CRCI in AYAs
driven by interactions between inflammation and
neuroplasticity.

Functional and developmental impact of
CRCI in AYAs

Beyond cognitive test performance, CRCI in AYAs is
consistently associated with substantial functional
and developmental consequences. Longitudinal evi-
dence indicates that cognitive complaints are among
the strongest predictors of reducedwork capacity and
difficulties with workforce reintegration, with effects
that may persist for several years after treatment and
interfere with key life transitions related to educa-
tion, employment, and financial independence [21].
Qualitative studies further highlight CRCI as an
“invisible” yet destabilizing consequence of cancer,
undermining self-confidence, autonomy, and iden-
tity formation during a life stage characterized by

high expectations of productivity and cognitive effi-
ciency [26]. These findings are echoed in AYA-
focused reviews identifying CRCI as a central deter-
minant of long-term psychosocial outcomes and life
trajectories in this population [19&,20&].

AYA-specific CRCI interventional study

The only AYA-specific intervention study identified
is a small prospective pilot trial (n = 14) evaluating
the feasibility of a computerized cognitive training
program delivered during active cancer treatment
[28&&]. Implemented shortly after diagnosis in AYAs
aged 12–25years, the intervention was feasible and
acceptable, with approximately 70% of participants
completing at least 80% of the prescribed sessions
despite ongoing chemotherapy. Exploratory analy-
ses suggested fewer cognitive deficits in the inter-
vention group than in controls, particularly in
processing speed, attention, and working memory
[28&&].

DISCUSSION
The AYA-specific evidence synthesized in this review
indicates that CRCI is a frequent, heterogeneous, and
clinically meaningful condition in AYAs [19&,20&]. In
contrast to adult models largely conceptualizing
CRCI as treatment-induced neurotoxicity [1&,2&], evi-
dence in AYAs suggests cognitive impairments that
may be detectable prior to treatment and that inter-
act with ongoing neurodevelopmental processes
[22,23,25]. Although pre-treatment cognitive alter-
ations have also been reported in adults, they appear
particularly salient in AYAs given the combination of
ongoing brain maturation, heightened neuroplas-
ticity, and high cognitive demands characteristic
of this life stage [19&,20&]. In this context, cancer-
related biological perturbations may interfere with
normative neurodevelopmental trajectories rather
than induce transient deficits, as more commonly
assumed in adult models. Longitudinal biological
data support conceptualizing CRCI in AYAs as a
biologically grounded and evolving process. Elevated
levels of inflammatory markers and reduced BDNF
levels have been observed prior to treatment initia-
tion in some AYAs, indicating early neurobiological
vulnerability independent of treatment-related neu-
rotoxicity [22]. Fluctuations in these markers are
closely associated with objective and subjective cog-
nitive trajectories across the cancer continuum
[23,25]. While similar mechanisms have been
described in adults [5&&,6], their interaction with
ongoing neurodevelopment confers a distinct profile
of vulnerability and intervention opportunity in
AYAs.
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A dissociation between subjective cognitive com-
plaints and objective performance is a core feature of
CRCI and appears especially relevant in AYAs, likely
reflecting high premorbid functioning and demand-
ing academic and early professional contexts
[1&,2&,20&,24]. Qualitative evidence further suggests
that standard neuropsychological assessments insuf-
ficiently capture the real-world functional impact of
cognitive difficulties in this population [26,27].

Within this framework, CRCImay be understood
as the result of modifiable biological mechanisms
that evolve across the cancer trajectory, supporting
the potential value of earlier, and possibly preven-
tive, interventions initiated at diagnosis or during
active treatment [5&&]. However, AYA-specific inter-
ventional research remains extremely limited. To
date, only one pilot study has demonstrated the
feasibility and acceptability of an early, digitally
delivered cognitive intervention during treatment
in this population [28&&].

This perspective is further supported by a recent
scoping review conducted by our group, which dem-
onstrated that multicomponent psychological inter-
ventions, particularly those integrating physical
activity, cognitive-behavioral strategies, and self-reg-
ulation processes, improve psychological adjustment
and quality of life in AYAswith cancer [29]. Although
cognitive outcomes were not the primary focus,
many of the targeted mechanisms overlap closely
with pathways implicated in CRCI. Considered
within a neuroprotective framework, these findings
support the development of integrated, early, and
multimodal interventionmodels aimed at preserving
both cognitive and psychosocial outcomes in this
vulnerable population [5&&].

Limitations and methodological perspectives

The AYA-specific CRCI literature is constrained by
small and heterogeneous samples, broad age ranges,
and substantial variability in cognitive assessment
methods and assessment timing. Moreover, the
available evidence is largely derived from adult pop-
ulations, with limited consideration of developmen-
tal factors and age-specific vulnerabilities. Most
studies rely on cross-sectional designs and lack stand-
ardized, developmentally sensitive outcome meas-
ures, limiting the characterization of cognitive
trajectories and the identification of underlying bio-
logical mechanisms. These methodological constra-
ints underscore the need for adequately powered,
multicenter longitudinal studies using harmonized
cognitive assessment frameworks that integrate
objective performance, patient-reported outcomes,
functional indicators, and biological markers, with
assessments initiated early in the cancer trajectory.

Such approaches are essential to inform the develop-
ment and evaluation of early, developmentally tail-
ored preventive interventions and to optimize long-
term educational, occupational, and psychosocial
outcomes in AYAs.

CONCLUSION
In conclusion, CRCI in AYAs is a frequent and clin-
ically meaningful condition that reflects a dynamic,
biologically grounded process embedded within on-
going neurodevelopment, with cognitive alterations
observable as early as diagnosis. The early implemen-
tation of developmentally sensitive and multimodal
interventions represents a promising strategy to
preservecognitive functioningand long-termpsycho-
social trajectories in this particularly vulnerable popu-
lation.
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