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Cognitive decline is a common and clinically meaning-
ful consequence of systemic cancer therapies, affecting
an estimated 30-60% of patients with non-central ner-
vous system (CNS) malignancies (Ahles & Root, 2018;
Wefel et al., 2015). Up to 90% of patients harboring
a CNS tumor experience cognitive impairment.
Cognitive impairment frequently co-occurs with mood
disturbances, fatigue, and reductions in overall QoL
(Pendergrass et al., 2018; Valentine & Meyers, 2001),
profoundly impacting daily functioning and survivor-
ship. With both increasing incidence of new cancer
diagnoses and improved survival time, increasing atten-
tion has been focused on improving survivorship. This
includes greater recognition of the neuropsychological
consequences of cancer and cancer therapy. Paralleling
this emerging awareness within oncology has been
growth in onco-neuropsychology training and career
opportunities, dedicated organizations focused on the
neuropsychology of cancer (i.e., International Cognition
and Cancer Task Force), and growing platforms within
our established societies (e.g., INS Oncology SIG).
Neuropsychological practice in oncology is inclusive of
both typical inpatient and outpatient service lines
including assessment, monitoring and interventions,
but also increasingly involvement in preoperative func-
tional neuroimaging and intraoperative cognitive mon-
itoring during awake craniotomies.
Neuropsychological research within oncology is
expansive as the reader will see through the manuscripts
within this special issue. With growing appreciation of
the neuropsychological toxicities that can accompany
some cancer therapies, there has been increased incor-
poration of cognitive endpoints into drug (e.g., che-
motherapy, immunotherapy, hormonal therapy),
treatment (e.g., radiation, surgery), and device trials to
find the most effective and safest therapies that takes
into consideration onco-functional balance. For exam-
ple, neuropsychological research and cognitive end-
points in clinical trials have changed the standard of

care for many patients with brain metastases (Brown
et al., 2013, 2016, 2020; Chang et al., 2009; Gondi et al.,
2025).

Despite recent growth and understanding of the
importance of neuropsychological care and science in
oncology, there remain many challenges and opportu-
nities ahead. These range from discussion about the
frequent discordance between subjective cognitive con-
cerns and objective cognitive deficits on formal testing
in patients with cancer (especially non-CNS cancer)
with accusations of “medical gaslighting” on the one
hand and symptom magnification on the other.
Concerns have been expressed about the sensitivity of
neuropsychological tests for the measurement of cogni-
tion in cancer patients, despite most published research
utilizing clinical neuropsychological tests and identify-
ing cognitive impairment and cognitive decline. As in
many spheres of medicine, there is interest in leveraging
technology to more easily and broadly assess cognition
in a growing population of cancer patients and survi-
vors. We have suggested that cognition be considered
a vital sign in cancer, which would necessitate technol-
ogy enabled and psychometrically robust screening
approaches.

Our understanding of the underlying risk factors and
temporal patterns of cognitive dysfunction in patients
treated for CNS or non-CNS cancers remains limited.
Not all patients develop neurotoxicity, and among those
who do, the timing and severity of symptoms vary con-
siderably. This heterogeneity in onset, severity, recov-
ery, and progression patterns underscores the high need
for improved risk prediction. Identifying risk factors
can provide valuable mechanistic insights, support
patient stratification, reveal potential biomarkers, and
inform the development of preventative strategies.

Emerging evidence suggests that genetic variants in
pathways involved in neural repair, neurotransmitter meta-
bolism, and inflammatory response, such as apolipoprotein
E (APOE), catechol-O-methyltransferase (COMT),
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methylenetetrahydrofolate reductase (MTHFR), and
brain-derived neurotrophic factor (BDNF), may contribute
to individual susceptibility to neurotoxicity (Karschnia
et al.,, 2025; Kuil et al., 2025). However, most studies to
date are limited by small sample sizes and lack of replica-
tion, highlighting the need for larger, more deeply pheno-
typed cohorts. The increasing personalization of oncology
treatments further complicates this landscape, as diverse
therapeutic regimens may interact with patient-specific
biological and environmental factors in complex, poorly
understood ways.

To advance the field, we propose a shift toward
comprehensive, data-driven approaches capable of cap-
turing multimodal and multiscale signatures of neuro-
toxicity risk. Central to this effort is the concept of the
computational patient digital twin (CPDT), a dynamic,
virtual representation of an individual patient that inte-
grates longitudinal data from genomics, clinical history,
imaging, and patient-reported outcomes (Sadée et al.,
2025). A CPDT framework enables continuous learning
and real-time updating of risk models as new data
become available, supporting both mechanistic insight
and actionable prediction. Once high-risk patients can
be reliably identified, cognitive risk-adapted therapies
may be implemented. Such strategies could include dose
reduction or alternative regimens for vulnerable indivi-
duals, while permitting dose escalation, where clinically
appropriate, in patients likely to tolerate treatment well.

As both the incidence of cancer and the survival rates
increase, the number of patients confronted with
impairment in cognitive, emotional, and behavioral
functioning also rises. As a result, rehabilitation centers
and related services are increasingly challenged to
address the neurocognitive and psychosocial needs of
this expanding patient population.

Focusing specifically on cognition, interventions can
be broadly categorized as preventive, restorative, or
compensatory. Preventive strategies aim to mitigate
cognitive decline through pharmacological, behavioral,
or technical means. Restorative interventions focus on
improving cognitive function, for instance, via targeted
cognitive training or (neuro)stimulation techniques.
Compensatory approaches help patients adapt to cogni-
tive impairments by teaching strategies and using aids
that support daily functioning.

Another important distinction is between problem-
directed interventions, which target the cognitive symp-
toms themselves, and mechanism-directed interven-
tions, which address the underlying biological
processes. Many pharmacological problem-directed
approaches for cancer-related cognitive impairment
have been repurposed from CNS disorders, for example,
ADHD. However, results in cancer populations have

generally been inconclusive and disappointing
(Karschnia et al., 2019; Kirkman et al., 2022; Schagen
et al., 2022). Similarly, behavioral interventions like
cognitive training have shown mixed results, with lim-
ited evidence for transfer to everyday functioning. More
comprehensive cognitive rehabilitation programs that
incorporate psychoeducation, fatigue management,
and compensatory strategies appear more effective in
daily life, though high-quality evidence is still limited. In
parallel with these traditional cognitive rehabilitation
approaches — widely used across neurological and psy-
chiatric populations - there has been a marked rise in
integrative and holistic methods, such as yoga and
qigong. These are often perceived as highly attractive
by patients, yet their effectiveness remains largely
under-researched and should be subject to the same
rigorous evaluation as conventional therapies
(Kirkman et al., 2022).

Mechanism-directed interventions, whether pharma-
cological (e.g., NMDA receptor antagonist memantine),
behavioral (e.g., physical activity), or technical (e.g.,
hippocampal avoidance), aim to protect or repair brain
function by targeting treatment-related neurotoxicity.
Yet, clinical findings remain inconsistent. Even for rela-
tively well-studied strategies like hippocampal avoid-
ance during whole-brain radiotherapy (WBRT),
implementation is limited. In the United States, it is
increasingly seen as an acceptable standard of care
(with or without memantine), but outside the U.S,,
such neuroprotective approaches are rarely adopted,
and memantine is seldom prescribed alongside WBRT
in European countries. Currently, no FDA- or EMA-
approved treatments exist specifically for cognitive
impairment related to cancer or its therapies (Gleim
et al., 2025).

A major bottleneck in developing effective interven-
tions is our still limited understanding of the underlying
mechanisms driving cognitive impairment after cancer
treatment. Preclinical and clinical research efforts often
operate in silos, limiting translational progress. Bridging
this gap requires closer alignment between these
domains. Standardizing outcome measures (e.g., ima-
ging, biomarkers) and integrating findings across
experimental models can yield more robust and clini-
cally relevant insights.

Animal models remain critical for elucidating
mechanistic pathways that are difficult or impossible
to study in humans, such as cellular processes or causal
effects of specific treatments. While cognitive outcomes
in patients are influenced by numerous confounding
factors (e.g., tumor biology, systemic inflammation, sur-
gery, anesthesia, fatigue), tumor-free rodent models
allow us to isolate the direct neurotoxic impact of cancer



therapies. Establishing such mechanistic baselines is
a necessary precursor to advancing to more complex,
tumor-bearing models.

The goal of integrating clinical and preclinical
research is not to achieve perfect equivalence between
animal and human studies, but to generate converging
lines of evidence. When consistent patterns emerge
across models, they strengthen causal inference and
enhance the translational relevance of preclinical find-
ings. Ultimately, such an approach is essential for devel-
oping mechanism-based interventions that are
scientifically robust and clinically effective.

Within the context of large cooperative clinical trial
groups, several standard-of-care-changing success stor-
ies have emerged, like the US incorporation hippocam-
pal avoidance and or memantine to WBRT for patients
with brain metastases (Gondi et al., 2023). Optimizing
brain health and quality of life is increasingly prioritized
on both the research and clinical agendas. However,
clear areas for improvement remain, one of which is
patient compliance with cognitive assessments among
those eligible for testing. Several factors may contribute
to low participation rates. These include a lack of
emphasis from healthcare providers on the importance
of such assessments, perceptions that even brief cogni-
tive evaluations are too burdensome for patients, and
patient hesitation to attend additional or prolonged
hospital visits, especially when accompanied by care-
givers. Improving patient compliance can be achieved
by emphasizing the importance of cognitive assessments
in evaluating interventions and their effectiveness, with
both healthcare providers and patient organizations
playing a key role. At the same time, it is the responsi-
bility of clinicians and researchers to make participation
as easy as possible. Offering technology enabled assess-
ments, when appropriate for the study design and target
population, may serve as an alternative to in-person
testing.

An interesting development is the move toward pre-
habilitation, which focuses on entering a medical pro-
cedure in the best possible condition. This approach can
enable treatments to be administered as intended, for
example, avoiding dose reductions in chemotherapy,
and further optimize treatment outcomes. Within the
cognitive field, there is increasing attention on prehabi-
litation for non-oncological medical procedures, where
psychological, exercise, or sleep prehabilitation inter-
ventions are used to improve cognitive outcomes as
well (Ekici et al., 2024). There are also initiatives explor-
ing the value of neurobics, cognitive training before
treatment aimed at strengthening cognitive functions
to protect against potential brain effects caused by med-
ical interventions. Given the variable results of brain
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training in general, it is interesting to investigate
whether a short period of increased cognitive activity
can indeed produce these protective effects, or if a much
longer duration - if not a lifetime - is required to
maximize brain resilience against the impact or the
noticeable consequences of brain injury.

Over the past decade, neuroimaging, primarily MRI,
has played a critical role in uncovering the neural cor-
relates of cancer-related cognitive impairment, particu-
larly in relation to cranial radiotherapy and
chemotherapy. Early research largely focused on identi-
fying specific brain regions and networks vulnerable to
treatment-related damage (Silverman et al., 2025).
Prospective longitudinal studies across diverse cancer
populations have consistently demonstrated che-
motherapy-associated reductions in gray matter
volume, particularly in the frontal and temporal regions.
Recent evidence also suggests that disruptions in glym-
phatic function may be closely linked to these structural
brain changes (Zhou et al.,, 2025). These abnormalities
often emerge shortly after treatment and may only par-
tially recover over time. While less extensively studied,
hormonal therapies for hormone-sensitive tumors, such
as androgen deprivation therapy (ADT) in prostate
cancer and endocrine therapy in breast cancer, have
also been associated with reduced gray matter volumes
and altered brain function. In both treatment contexts,
alterations in global brain metrics, including cortical
thickness and functional connectivity, have been
reported (Buskbjerg et al., 2022; Chaudhary et al,
2024; McDonald et al., 2022).

Cranial irradiation is particularly well-known for
its pronounced effects on both macrostructural and
microstructural white matter integrity. Diffusion ten-
sor imaging (DTI) studies have consistently shown
reductions in fractional anisotropy (FA) and disrup-
tions in white matter tracts following radiotherapy
(Makale et al., 2017; Witzmann et al., 2024).
Similarly, (high-dose) chemotherapy has been linked
to subtle but persistent microstructural white matter
changes in non-CNS cancer patients (Colaes et al,
2025; Schroyen et al., 2022). These microstructural
changes may reflect underlying neuroinflammation,
demyelination, or axonal injury, although the precise
pathophysiological mechanisms remain poorly
understood. Emerging imaging modalities, such as
myelin water imaging and neurite orientation disper-
sion and density imaging (NODDI), offer promising
avenues for disentangling these mechanisms in vivo.
However, rodent models continue to be essential for
elucidating the biological underpinnings of cognitive
impairment following cancer and cancer treatments.
Animal studies can capture determinants of
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neurotoxicity such as BBB integrity, neurovascular
interactions, and brain - immune crosstalk. These
studies also allow for cognitive and behavioral test-
ing, thus offering translational value.

More recently, research has increasingly focused
on identifying predisposing and modulating factors
that influence the risk and severity of cancer-related
cognitive impairment, as well as on the discovery of
biomarkers that may help predict, monitor, or even
prevent cognitive decline in cancer patients with or
without CNS involvement. Advances in neuroima-
ging, combined with machine learning techniques,
have enabled the identification of neural “biotypes,”
subgroups of patients characterized by specific pat-
terns of structural and functional brain alterations
that are predictive of cognitive outcomes (Du et al.,
2020; Mulholland et al., 2023). These biotypes can
reflect distinct underlying neurobiological mechan-
isms, such as disrupted connectivity, neuroinflam-
mation, or altered brain plasticity, and may help
explain individual variability in cognitive trajectories.
Importantly, integrating imaging-derived biotypes
with other biological markers, such as genetic var-
iants (e.g., APOE e4), inflammatory cytokine pro-
files, and emerging microbiome-related signatures
(Otto-Dobos et al., 2024), holds promise for improv-
ing the accuracy of risk stratification. This multi-
modal biomarker approach may not only enhance
early detection of patients at highest risk for cogni-
tive decline, but also identify those most likely to
benefit from targeted preventive or therapeutic
interventions.

We are grateful to our esteemed colleagues who
are tackling these complex topics and have gener-
ously contributed to this special issue. We want to
thank the Journal of Clinical and Experimental
Neuropsychology for offering a platform for our col-
leagues to share their work and to disseminate this
work to the neuropsychological community and
broader JCEN readership. We hope that this issue
serves as a resource for your clinical practice and
scientific programs.
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