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Approximately 70,000 adolescents and young adults (AYAs)
between the ages of 15 and 39 years are diagnosed with cancer each
year in the United States, which represents 6% of the cancer
population.1,2 Diagnoses mostly commonly include leukemia,
lymphoma, sarcoma, melanoma, breast cancer, colorectal cancer,
thyroid cancer, testicular cancer, and brain tumors, among others.3

Relatively good overall survival (ie, 5-year survival rate of 83% across
disease sites) has resulted in a growing population of AYA cancer
survivors.4 AYA survivors face unique challenges, many of which
stem from the interruption of diagnosis and treatment during a key
phase of psychosocial growth and development. AYA patients must
cope with cancer at a time of identity formation and the estab-
lishment of the independence necessary for adulthood. AYAs report
challenges with emotional well-being, body image, and health
management.5 Social interactions often are strained because families
can be overprotective and friendships difficult to maintain.5 Ro-
mantic relationships can be challenging because survivors often are
uncomfortable about discussing cancer with others.5 AYAs also may
struggle tomeet educational goals and sustain employment.6 Despite
a growing awareness of their unique needs,7 comparatively little
attention has focused on cognitive impairment in AYAs diagnosed
with non-CNS cancers. This state of affairs is surprising in light of
data that suggest an important role for cognition in resuming
normal social activities and returning to education and employment
after cancer in non-AYA survivors (ie, children, adults).6,8,9

Cognition in patients with cancer typically is assessed in three
ways. The first is to administer self-report questionnaires that
directly ask patients about changes in their memory, concentration,
word-finding, and other cognitive abilities. Patients’ own per-
ceptions of cognition arguably are the most clinically meaningful
because the goal of the provider is to improve how the patient feels.10

The second way is through objective neuropsychological testing.
Neuropsychological testing typically is administered under optimal
conditions (eg, in a quiet office) rather than in situations in which
cognitive lapses might be expected (eg, when patient is tired, dis-
tressed, or distracted). Thus, neuropsychological testing captures
patients’ best performance rather than their typical functioning,
whichmay be better reflected by subjective cognition. The third way is
to conduct brain imaging to evaluate structural changes associated
with brain regions known to be important for cognitive functioning
or to examine patterns of activation at the same time cognition is

being assessed. Although time consuming and burdensome for pa-
tients, brain imaging can provide important information. Imaging has
demonstrated reductions in brain volumes as well as differential
patterns of activation among patients with cancer compared with
healthy individuals.11 These changes are associated with worse per-
formance on neuropsychological tests, but the brain often is able to
compensate to some degree, which obscures abnormalities.12

To our knowledge, no studies have examined objective neu-
ropsychological performance or conducted brain imaging in samples
that comprise exclusively cancer survivors diagnosed as AYAs; only
two studies have focused on self-reported subjective cognitive im-
pairment. Prasad et al9 found that cancer survivors diagnosed between
the ages of 15 and 24 years often experienced cognitive impairment,
with 22% reporting problems withmemory, 14%with task efficiency,
and 13% with organization. Self-reported impairments in task effi-
ciencywere associatedwith unemployment and depression. Rey et al13

found that 58% of AYAs with breast cancer report problems with
concentration ormemory in the first 28months after diagnosis. These
findings are consistent with studies of cognition in cancer survivors
diagnosed as children who demonstrated impairment on neuro-
psychological tests of attention, memory, processing speed, and
cognitive fluency despite IQ scores in the normal range.14-17 More-
over, neurocognitive deficits in childhood cancer survivors are as-
sociated with structural abnormalities observed through brain
imaging.14,18 Thus, available data suggest that cognitive impairment is
likely a significant problem in cancer survivors diagnosed as AYAs.

Cancer-related cognitive impairment is likely to affect sur-
vivorship among AYAs (Fig 1). AYA survivors often must juggle
multiple responsibilities at work and home in addition to cancer
follow-up care.19,20 Cognitive demands likely differ between younger
AYAs who may be focused on educational attainment and devel-
opment of social and romantic relationships compared with older
AYAs whomay be focused onwork and family. Competing demands
at school, work, and home are particularly relevant to cognition
because problems in executive functions, such as multitasking, have
been reported in patients with cancer diagnosed as adults.21 In
addition, the extent to which cancer-related cognitive impairment
affects AYAs’ ability to adhere to medical recommendations is
unclear, but data from childhood cancer survivors suggest that self-
reported cognitive problems are a risk factor for poor health be-
haviors (eg, reduced physical activity, sun protection, dental care).22
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Anecdotally, AYA survivors express difficulty with focusing and
carrying on a complex conversation in situations wherein distraction
is high, such as in a crowd. Embarrassment about cognitive issues
may increase social isolation.

Studies that focus specifically on survivors diagnosed as AYAs
are important because various cognitive abilities peak at different
points in the life span.23-25 Moreover, significant age-related dif-
ferences may exist in cognition within AYAs. For example, an analysis
of age differences in standardized IQ scores in individuals without
cancer indicated that short-term memory is highest around high
school graduation; attention and visuospatial skills are greatest in early
adulthood; and learned knowledge, such as vocabulary and arith-
metic, are highest among individuals $ 50 years of age.23 Thus,
although cancer and its treatment are believed to contribute to
cognitive aging,24,26 various patterns of deficits may depend on when
in life diagnosis and treatment occur. Of note, the Prasad et al9 study
found that cancer survivors diagnosed as AYAs were less likely than
those diagnosed as children to report impairment in task efficiency
and memory, abilities that peak in early adulthood.23 Thus, AYA
survivors may demonstrate greater impairments relative to older
survivors in cognitive abilities that peak later in life, such as vocabulary
and arithmetic. In addition, differences may exist between younger
AYAs and older AYAs with regard to the cognitive effect of cancer and
its treatment. Adolescents may be treated with different protocols
compared with older AYAs, despite having the same cancer, classically
acute lymphoblastic leukemia.

Conversely, AYA survivors may demonstrate greater resilience
to cognitive deficits than adult cancer survivors as a function of
greater cognitive reserve and neuroplasticity. Cognitive reserve refers
to compensatory ability in which performance on cognitive tests is
better than would be expected on the basis of the degree of brain
pathology.27,28 Cognitive reserve has been associated with less-severe
cognitive impairment after chemotherapy in adult patients with
cancer.29 AYA patients may have greater cognitive reserve than older
patients because of neuroplasticity. Neuroplasticity, or the brain’s

ability to form new neural connections, is higher during the critical
and sensitive periods of brain development in AYAs30,31 and may
facilitate the establishment of compensatory pathways, which maintain
performance on neurocognitive testing and provide recovery from
cognitive impairment.30 However, these changes must be evaluated
within the broader context of developmental changes in brain
maturation.32,33 By young adulthood (eg, 18 to 20 years of age), the
neural regions associated with higher-order cognitive abilities, including
the prefrontal cortex and portions of the temporal cortex, havematured,
whereas the brain regions associated with sensory and motor processes
develop earlier. The timing of thesematurational changesmay be affected
negatively by cancer treatment as well as by the stress associated with the
cancer diagnosis.34 Although cancer and its treatment likely negatively
affect both cognitive reserve and neuroplasticity relative to individuals
without cancer, theymay be protective factors amongAYA survivors. The
roles cognitive reserve and neuroplasticity play in cognition in AYA
survivors are speculative and should be evaluated empirically.

In summary, increased research and clinical attention to
cancer-related cognitive impairment in AYAs are critical to un-
derstanding and addressing their unique challenges. Future re-
search should seek to understand through neurocognitive testing
and brain imaging, respectively, which cognitive processes and
underlying neural structures are affected. In addition, an increased
understanding of patient-reported cognitive lapses in everyday life
may contribute to behavioral and educational interventions to
mitigate the effects of cancer-related cognitive impairment on daily
functioning. Sex differences in cognition in AYAs should be explored
because studies of pediatric cancer survivors have indicated that girls
are at greater risk of cognitive impairment than boys.35 Moreover,
evidence has demonstrated differences in brain structure between
healthy males and healthy females,36 which may affect the cognitive
effects of cancer and its treatment. Additional research into asso-
ciations between cancer-related cognitive impairment and social,
emotional, and functional difficulties is needed. Behavioral in-
terventions can improve perceived and objective cognition in adult
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Fig 1. Putative factors that contribute to
and result from cognitive functioning in
cancer survivors diagnosed as adolescents
or young adults.
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patients with cancer.37 Computerized cognitive training to increase
working memory may improve cognitive performance and changes
in brain activation in pediatric cancer survivors.38,39 These types of
interventions also should be tested in AYAs. AYA survivors should be
offered ongoing support services and provided with specialized re-
sources for education and career placement to build on their existing
strengths. Health care professionals also should monitor potential
neurocognitive issues that emerge over time. Such measures could
greatly improve overall quality of life among AYA cancer survivors.
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