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It is estimated that there will be approximately 

70 million cancer survivors worldwide by the 
year 2020.1,2 Cognitive impairment is commonly 
observed in patients with cancer and those in 
remission.3–6 A national cross-sectional survey 
reported that a history of cancer was associated 
with a 40-percent increased likelihood of 
self-reported memory problems.7 In a recent 
review, Janelsins et al4 noted that up to 30 
percent of patients with cancer exhibit cognitive 
impairment prior to treatment, 75 percent might 
have measurable cognitive impairment during 
treatment, and 35 percent of cancer survivors will 
continue to exhibit cognitive difficulties in the 
months to years that follow treatment. Cognitive 
impairment can have a negative impact on 
daily functioning, quality of life, and capacity to 
work among patients with cancer and those in 
remission. Consequently, it is clear that increased 
attention is needed to fully understand the 
presence and nature of cognitive impairment in 
patients with cancer and those in remission.

DIRECT EFFECTS OF CANCER ON 
COGNITION

Cancer-related cognitive changes and 
impairment might be due to the cancer itself. 
Impairments associated with brain tumors often 
are specific to the lesion location, such as occipital 
tumors that result in visual deficits. The location 

and momentum of the lesion (i.e., the rate of 
tumor growth that can result in the destruction, 
crowding, displacement, and infiltration of 
brain tissue) influence the presence, intensity, 
and pattern of resulting cognitive changes in 
patients with brain tumors.8 Wefel et al9 reported 
that patients with high-grade gliomas often 
demonstrate greater cognitive impairment overall 
compared to those with low-grade gliomas, 
which might be attributed to greater invasion 
and/or increased pressure in nearby normal brain 
tissue. Up to 90 percent of patients with brain 
metastases exhibit some cognitive impairment 
prior to treatment, with the degree of impairment 
correlated with total lesion volume rather than 
the number of metastatic lesions.10  

Patients with brain tumors can experience 
impairments in attention, memory, and executive 
function.11–15 A general, more diffuse frontal-
subcortical pattern of cognitive impairment 
often occurs in addition to the specific cognitive 
deficits related to specific location of the cancer 
in patients with brain tumors. A systematic 
review of 17 studies of cognitive functioning 
in patients with low-grade glioma reported a 
wide range, 19 to 83 percent, of prevalence of 
cognitive impairments, which was attributed 
to multiple differences across studies, including 
the characteristics of the glioma (e.g., type, 
location, and size), the time of measurement, the 
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varied cognitive tests used, and the definition 
of cognitive impairment that was applied.16 In 
a retrospective study of 68 patients with brain 
tumors, Lageman et al17 found that 58.8 percent 
of the patients exhibited cognitive impairment 
as defined by standard deviations of 2 or greater 
below the published normative means on at 
least one subtest of the Repeatable Battery for 
the Assessment of Neuropsychological Status 
(RBANS). In this study, 90 percent of the cognitive 
impairment occurred within the domains of 
visuoconstruction, processing speed, and verbal 
memory.17 Of the domains listed by the authors, 
processing speed is better considered an outcome 
metric than a cognitive domain, as slowing is 
caused by deficits in attention, working memory, 
and executive function deficits.

Cancer-related cognitive changes and 
impairment also have been documented in 
patients with non-central nervous system 
(non-CNS) cancer prior to exposure to treatment 
interventions. Several studies have identified 
cognitive impairment in newly diagnosed 
patients with cancer across several cognitive 
domains, including verbal memory, language, 
visual spatial skills, executive function, and 
psychomotor function.18–23 Approximately 11 
to 35 percent of women with breast cancer are 
reported to have cognitive impairment prior to 
treatment, with specific difficulties on measures 
of learning and memory.24–26 Patients with 
newly diagnosed large or locally advanced breast 
cancer demonstrated a range of significant 
impairments in attention, immediate and delayed 
word recall, and word and picture recognition 
on a computerized assessment (Cognitive Drug 
Research [CDR] system) prior to initiating primary 
chemotherapy, with notable large impairments 
in the speed of picture recognition (30%) and 
delayed word recall (25%).24

EFFECTS OF COMORBID FACTORS ON 
COGNITION

Several comorbid factors can impact cognitive 
functioning in patients with cancer and those in 
remission. Depression, anxiety, and fatigue can 
adversely affect cognitive functioning in healthy 
and ill patient populations. These symptoms are 
common and are particularly important comorbid 
conditions in patients with cancer. Berman et al27 
found that pretreatment worry was associated 
with subjective and objective measures of 
cognitive impairment, and alterations in brain 
function, as measured by functional magnetic 

resonance imaging (fMRI), were also observed 
in patients with breast cancer about to receive 
either chemotherapy or radiation treatment. 
Other studies have found a relationship between 
reported mood symptoms and subjective 
reports of cognitive impairment in patients 
with cancer.20,28,29 One study of 40 patients with 
breast cancer found that anxiety, depression, and 
poor quality of life correlated with self-reported 
cognitive concerns but not with impaired 
cognitive performance.30 Subjective cognitive 
complaints were associated with measures 
of fatigue and distress but not with objective 
performance on cognitive testing in a study of 
53 survivors of breast cancer at least two years 
out from diagnosis.31 In one study examining the 
cognitive functioning of lymphoma survivors 
using the CNS Vital Signs (Chapel Hill, North 
Carolina) computerized assessment, fatigue and 
anxiety were related to subjective reports of 
cognitive difficulties, whereas pain was associated 
with performance deficits on objective cognitive 
measures.32 Fatigue can significantly impact daily 
functioning and quality of life in patients with 
cancer.33,34 This is perhaps unsurprising given the 
importance of cognition in the execution and 
initiation of many activities of daily living.

Treatment expectations might also influence 
cognitive function in some patients with cancer. 
One recent study found that patients treated with 
chemotherapy who were informed of the possible 
cognitive side effects performed worse on 
cognitive testing and were more likely to report 
problems compared to comparable patients who 
were not informed about the possible cognitive 
side effects.35

DIRECT EFFECTS OF CANCER 
MEDICATION TREATMENTS ON 
COGNITION

It is well established that cancer chemotherapy 
can induce cognitive impairment.6 It has been 
estimated that 13 to 70 percent of patients 
receiving cancer chemotherapy have measurable 
cognitive impairment.3,20,25,26,36 As noted earlier, 
the wide range of cognitive impairment that 
has been reported relates to the diversity of 
definitions and tests that are used. The observed 
cognitive impairment might or might not resolve 
for some patients following treatment, and 
consequently, some patients might experience 
persistent, long-term cognitive problems.5

Several recent meta-analyses examining 
cognitive impairment following oncological 

treatments have shown that patients with 
cancer and those in remission have impairment 
in the domains of memory, attention, executive 
function, “processing speed,” visual and verbal 
memory, and language relative to people 
without cancer.2,11,26,37–40 One study observed 
moderate-to-severe cognitive impairment in 
16 percent of patients receiving adjuvant or 
neoadjuvant chemotherapy for breast cancer 
compared to only four percent of typical 
controls.41 Cognitive function was examined in 
196 long-term survivors of breast cancer treated 
with cyclophosphamide, methotrexate, and 
fluorouracil (CMF) who were, on average, 21 years 
out from diagnosis. The researchers found that 
the chemotherapy group performed significantly 
worse on several cognitive tests, including 
immediate and delayed verbal memory, executive 
functioning, and psychomotor speed compared to 
1,509 control patients with no history of cancer.29 
A separate study of 189 survivors of breast cancer 
found that memory and executive function 
complaints were present in approximately 20 
percent of the cohort and showed a statistically 
significant association with results of domain-
specific cognitive tests.42 It is noteworthy that 
age was not a moderating factor of cognitive 
impairment in the reported meta-analyses.2,39,40 
This observation suggests that aged individuals 
are not more susceptible to the negative impacts 
on cognition of cancer treatments.

PUTATATIVE MECHANISMS AFFECTING 
COGNITION DURING CHEMOTHERAPY

Elevated levels of cytokines, deoxyribonucleic 
acid (DNA) damage, or white matter damage 
might contribute to cognitive deficits,43–47 and 
the risk of developing chemotherapy-associated 
neurotoxicity might be related to exposure to 
higher doses,48 additive and synergistic effects of 
multi-agent chemotherapy,8 and administration 
of chemotherapy via intra-arterial and/or 
intrathecal methods.49 Several articles by Ahles 
and colleagues have been published discussing 
different proposed mechanisms for cancer-
associated cognitive impairments, including 
recent research exploring the relationship 
between cognitive changes in cancer patients 
with the aging process and genetic factors.43,44,50

Cytokines have important roles in normal CNS 
function, including the modulation of neuronal 
and glial cell functioning and neural repair and 
the metabolism of dopamine and serotonin.43 
Cytokine neurotoxicity has been found during 
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early stages of cancer and is triggered by cancer 
chemotherapy as well, possibly contributing to 
the emerging cognitive impairments.43 Increased 
cytokine levels (e.g., interleukin [IL]6, IL8, and 
IL10) have been associated with chemotherapy 
drugs such as paclitaxel and docetaxel.51–54 
Longitudinal studies on interferon-α and IL-2 
treatments in cancer populations have shown 
cognitive impairments in information processing 
speed, executive function, spatial ability, 
and reaction time that were independent of 
depressive symptoms.55–57 

The chemotherapeutic agents used to treat 
cancer-induced tumor cell apoptosis through 
DNA damage43,58,59 can also impact normal 
cells. Cytokine neurotoxicity might be triggered 
by the DNA damage, setting up a cycle of 
increasing DNA damage and increased cytokine 
activity.60 Oxidative DNA damage has been 
identified in peripheral blood lymphocytes 
following chemotherapy for breast cancer,61,62 
and an increased number of point mutations in 
mitochondrial DNA has been detected following 
cancer chemotherapy with or without radiation.63 
Chemotherapy also has been associated with 
increased oxidative stress, and DNA damage 
increased levels of nonprotein-bound iron,64 
increased free radicals,65 and reduced antioxidant 
activity.65–67 Oxidative DNA damage has also 
been found in patients with breast cancer prior 
to receiving chemotherapy,61,62 suggesting that 
deficits in DNA-repair mechanisms are associated 
with an increased risk of cancer68,69 and might also 
contribute to the cognitive symptoms noted prior 
to treatment. 

Both brain atrophy and white matter 
pathology have been observed after 
chemotherapy in patients with breast cancer. 
Longitudinal studies have shown reductions 
in gray matter, primarily in bilateral frontal 
regions and the hippocampus.70 Only partial 
gray matter recovery has been found within 
one-year post-chemotherapy compared to cancer 
patients who did not receive chemotherapy 
and compared to healthy controls.70 Changes in 
overall gray matter volume equivalent to four 
additional years of aging have also been observed 
in survivors of breast cancer after more than 
20 years.29 Evidence of reduced white matter 
integrity, believed to reflect axonal degeneration 
and demyelination, has been reported using 
diffusion tensor imaging.8 Specifically, decreased 
frontal, parietal, and occipital white matter 
integrity have been found in patients treated with 

chemotherapy compared to cancer patients who 
had not received chemotherapy and compared 
to healthy controls.45 Several imaging studies 
suggest that the pattern of treatment-related 
cognitive impairment seen in patients with cancer 
and those in remission is related to functional 
and structural changes in the brain.44–47 For 
instance, hypoactivation in the prefrontal cortex 
has been observed during memory encoding and 
executive function tasks in patients with breast 
cancer during chemotherapy.71 Furthermore, a 
prospective, longitudinal treatment study on 
patients with breast cancer tracked alterations in 
frontal activation during a working memory task. 
The authors reported evidence of hyperactivation 
at baseline, a relative decrease at one month 
post-completion of chemotherapy, and a 
return to hyperactivation after one year, which 
was interpreted as reflecting a compensatory 
recruitment of neural circuitry.72 Altered 
resting-state functional brain network activity 
characterized by disrupted frontal, striatal, and 
temporal areas has been observed in patients 
with breast cancer treated with chemotherapy 
compared to typical controls.73,74 Patterns of 
disrupted default mode network (DMN) that were 
distinct from DMN connectivity patterns seen in 
patients with breast cancer who were not treated 
with chemotherapy or in typical controls have 
been reported in imaging studies of patients 
with breast cancer treated with chemotherapy.75 
Kessler et al75 reported that the alterations in 
DMN connectivity were associated with patient-
reported disturbances in memory.

EFFECTS OF ADJUNCTIVE TREATMENTS 
ON COGNITION

Adjunctive treatments, such as endocrine 
therapy, can induce cognitive impairment in 
patients with cancer.2,36,44,76,77 A longitudinal 
study of cognitive performance in breast cancer 
found that use of adjuvant endocrine therapy 
was associated with slowed processing speed and 
verbal memory.37 Patients with breast cancer who 
received combined chemotherapy and endocrine 
therapies have been reported to exhibit poorer 
scores on a working memory task compared 
to patients receiving either chemotherapy or 
endocrine therapy alone.78 Furthermore, a 
longitudinal study reported that treatment-
induced menopause was associated with 
cognitive impairment following chemotherapy in 
patients with early stage breast cancer.79

EFFECTS OF RADIATION TREATMENTS 
ON COGNITION

Patients receiving brain radiation treatments 
often experience radiation-induced fatigue 
and headache, in addition to possible cognitive 
impairment. Whole brain radiotherapy (WBRT) 
has been shown to worsen fatigue in patients 
with cancer.80,81 The European Organization 
for Research and Treatment of Cancer (EORTC) 
reported that patients who received WBRT had 
measurable cognitive decline that they attributed 
to fatigue, as well as clinically significant higher 
fatigue scores, compared to patients with 
surgical or radiosurgical management.80 Chang 
et al82 found that adding WBRT to stereotactic 
radiosurgery increased the risk of learning and 
memory impairment at four months post-
treatment, compared to patients who were 
treated only with stereotactic radiosurgery. 

Patients who have received radiotherapy 
are at risk of developing subacute toxicity 
approximately 1 to 6 months after completion of 
radiotherapy. This effect has been associated with 
impairment in processing information, attention, 
verbal memory, executive functioning, and fine 
motor dexterity.8 White matter changes have 
been associated with these cognitive changes, 
and post-radiotherapy white matter recovery 
might result in cognitive recovery over time.8 
Numerous risk factors for developing radiation-
induced cognitive impairment include age 
(under 5 years or older than 60 years), greater 
than 2-Gy dose per fraction, higher total dose, 
hyperfractionated schedules, shorter overall 
treatment time, the presence of comorbid 
vascular risk factors, concomitant or subsequent 
treatment with chemotherapy, and a greater 
total volume of brain irradiated.83,84 Long-term 
memory impairment has been associated with 
increased exposure of radiation to the bilateral 
hippocampi.85 Late-delayed toxicity from 
radiotherapy can occur months to years after 
completion of treatment and can include severe, 
irreversible memory loss.8,86 Consequently, 
monitoring of cognitive and daily functioning in 
patients with cancer who receive radiotherapy is 
necessary long-term and in the immediate post-
treatment period. 

ASSESSMENT OF COGNITIVE 
FUNCTIONING IN PATIENTS WITH 
CANCER AND THOSE IN REMISSION

The assessment of cognitive functioning in 
patients with cancer and those in remission 
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is a crucial component of a comprehensive 
oncological treatment plan. The delineation 
of cognitive changes over time is particularly 
helpful when clarity is needed to guide possible 
management and treatment intervention.5 
Evaluation of cognitive functioning in patients 
with cancer might also be needed for evaluation 
of disability benefits or work limitations. Oncology 
cognitive evaluations should emphasize tests that 
assess frontal-subcortical network functioning, 
including learning and memory, executive 
functioning, speed of processing, and speeded 
motor coordination. Table 1 describes the major 
domains that are often included in cognitive 
assessments. Ideally, a pretreatment, baseline 
evaluation followed by serial assessments to 

gauge the trajectory of cognitive changes and 
impairment over time are recommended.5 
Currently, a universally accepted, standardized set 
of cognitive assessment measures does not exist 
for the evaluation of cancer-associated cognitive 
changes and impairment. In fact, the literature 
on cancer and cancer therapy-related cognitive 
impairment reveals marked differences in the 
definitions used, the cognitive domains explored, 
and the types of assessment measures used to 
evaluate cognitive functioning. 

Meyers and Brown87 and Wefel and 
colleagues88 developed their own cognitive 
test batteries to assess cancer patients. These 
assessments consisted of reliable, well-known 
cognitive measures: Digit Span (attention); Digit 

Symbol (information processing); Block Design 
and Similarities of the WAIS-III (visuoconstruction 
and conceptual formation, respectively); Trail 
Making Test: Trails A and B (attention and 
executive functioning); Hopkins Verbal Learning 
Test (verbal learning and memory); Grip 
Strength (motor functioning); Grooved Pegboard 
(fine motor coordination); Boston Naming 
Test (naming objects); Token Test (receptive 
language); and Controlled Word Association Test 
(COWA) (executive functioning spontaneous 
language production). However, some of these 
measures were not designed for repeated, serial 
assessment, and the lack of parallel versions for 
some of the measures undermines their utility in 
longitudinal studies.

TABLE 1. Cognitive Domains Assessed in Neuropsychological Evaluations

MAJOR 
COGNITIVE 
DOMAINS

COGNITIVE FUNCTIONS
DIFFICULTIES 

ASSOCIATED WITH 
IMPAIRMENTS

MAJOR 
COGNITIVE 
DOMAINS

COGNITIVE FUNCTIONS DIFFICULTIES ASSOCIATED 
WITH IMPAIRMENTS

Verbal 
learning and 
memory

Learning, encoding, storing, and 
retrieval of verbal information, 
including working memory, immediate 
free and cued recall, short-term and 
long-term free and cued recall, and 
recognition of verbal information

Difficulty in encoding, 
retaining, and retrieval of 
verbal information

Executive 
function

Higher order cognitive functions 
necessary for purposeful, goal-
directed behavior, including planning, 
conceptualizing, organizing, 
reasoning, insight, problem solving, 
evaluative judgment, and effective 
execution of action, particularly in 
novel situations.

Simplified or confused mental 
tracking of actions, problems with 
organizing and following plans, 
difficulties with reasoning, decision 
making, and concept formation, 
perseveration of speech and action

Visual 
learning and 
memory

Learning, encoding, storing, and 
retrieval of visual information, 
including working memory, immediate 
free and cued recall, short-term and 
long-term free and cued recall, and 
recognition of visual stimuli

Difficulty in encoding, 
retaining, and retrieval of 
visual information

Sensory-
perceptual 
functions

Somatosensory function, sensory 
perception and discrimination, 
including tactile, pressure, and 
localization, right-left discrimination

 Somatosensory alterations 
(especially lateralized or confined to 
one limb), right-left disorientation

Speech and 
language

Oral and written abilities to 
comprehend information, repeat 
information, and express information; 
word finding and naming

Wording finding difficulties, 
paraphasias, dysarthria, 
dysfluency, communication 
difficulties

Motor speed 
and strength

Gross and manual fine-motor abilities 
and grip strength

Lateralized weakness or clumsiness, 
problems with fine motor 
coordination, diminished ability 
in performing fine-motor manual 
skills

Visuospatial 
processing

Abilities and skills involved in making 
sense of the visual world, including 
shapes, angles, details, overall gestalts, 
the meaning of forms, reproduction 
of what one sees, locating objects in 
space, and spatial analysis of parts 
related to more complex objects

Visual field alterations, 
diplopia, neglect or 
inattention, impairment 
in spatial orientation, 
judgment, and relationships

Emotion and 
personality 
functioning

Current affective and emotional 
states and stable traits, personality 
characteristics

Affective changes, diminished 
emotional control with temper 
outbursts, increased irritability, 
personality changes

Attention and 
concentration

Ability to focus awareness on a given 
stimulus or task, to concentrate 
on a stimulus or task long enough 
to accomplish a goal, and to shift 
awareness, if appropriate.  Attentional 
processes include alertness/arousal, 
focused attention, selective attention, 
divided attention, and sustained 
attention or vigilance.   

Diminished ability to 
focus awareness and 
concentration, difficulty with 
focused searching, problems 
with filtering irrelevant 
from relevant information, 
disrupted interactions and 
completion of tasks

Academic 
skills

Reading, reading comprehension, 
writing skills, spelling, computation, 
and functional academic skills that 
might be relevant to independent 
activities of daily living and work 
situations (e.g., handling finances; 
reading rate and retention)

Alterations in reading and reading 
comprehension, writing of words, 
letters and numbers, manipulating 
numbers, calculations
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The International Cognition and Cancer Task 
Force (ICCTF) was developed in October 2006 with 
the goal of furthering the understanding of the 
impact that cancer and cancer-related treatment 
can have on cognitive and behavioral functioning 
in adults with non-CNS cancers.89 The ICCTF has 
noted that, “objective neuropsychological tests 
remain the gold standard for measuring cognitive 
function” in the assessment of cognitive effects 
of cancer and cancer treatments.3,6 The ICCTF 
organized two working groups that subsequently 
published recommendations for common criteria 
to define cognitive impairment and cognitive 
changes, as well as specific suggestions for a core 
set of cognitive tests to be used to assess cognitive 
function in patients with cancer (Table 2).3 It is 
always prudent to approach standardization of 
cognitive tests cautiously because previous efforts 

for specific conditions (e.g., Alzheimer’s disease) 
have yielded sub-optimal solutions.90,91 However, 
the ICCTF group suggested that a collaborative 
approach that can leverage data across studies 
using common definitions and recommended 
a core set of cognitive tests for specific 
cognitive domains might yield a “best practice” 
guidance.3,92–94 Careful attention must also be 
paid to issues of cross-cultural applicability and to 
assay sensitivity.3,95

Potential confounding factors that can 
negatively impact the assessment of cognitive 
functioning should also be evaluated in patients 
with cancer.5 Common comorbid conditions 
like depression, pain, fatigue, and sleep 
disturbance might affect the reliability of the 
neuropsychological evaluation. In addition, 
all medications, including over-the-counter 

medications and supplements, should be 
reviewed to assess their possible impact on 
cognitive functioning.

COMPUTERIZED TESTING FOR 
ASSESSMENT OF COGNITIVE 
FUNCTIONING

Computerized testing has been adapted to 
assess cognitive function both in clinical trials 
with cancer patients and in practice.24,79,96,97 
Computerized cognitive assessments offer some 
logistical and economic advantages and flexibility 
over traditional pencil-and-paper cognitive tests. 
In this brief review, we describe three alternative 
computerized platforms that have been applied to 
cognitive assessment in cancer patients. 

The CDR computerized system is a 
customizable battery of brief cognitive tests 

TABLE 2. International Cognition and Cancer Task Force (ICCTF) recommendation of cognitive assessments

CORE ASSESSMENT

Recommended Cognitive Domain Recommended Cognitive Assessment 
Measures Specific Cognitive Skills Evaluated Similar Cognitive Assessment Measures

Learning and memory
Hopkins Verbal Learning Test–Revised 
(HVLT-R)

Verbal learning and memory assessed by list 
learning, immediate recall, delayed recall, 
and recognition

California Verbal Learning Test - II (CVLT-II), 
Rey Auditory Verbal Learning Test (RAVT),  
Brief Visuospatial Memory–Revised 
(BVMT-R, Visual Learning and Memory) 

Executive function

Trail Making Test

Multiple cognitive skills involved in 
performing task, including attention, 
working memory, information processing 
speed, and mental flexibility

Delis-Kaplan Executive Function  Scale 
(D-KEFS) Trail Making

Controlled Oral Word Association (COWA) 
(also known as FAS Test)

Spontaneous generation of words
Delis-Kaplan Executive Function  Scale 
(D-KEFS) Verbal Fluency

Processing speed Trail Making Test

Multiple cognitive skills involved in 
performing task, including attention, 
working memory, information processing 
speed, and mental flexibility

Delis-Kaplan Executive Function Scale 
(D-KEFS) Trail Making, Wechscler Adult 
Intelligence Scale-IV (WAIS-IV) Coding,  
Symbol Digit Modalities Test (SDMT)

SUPPLEMENTAL ASSESSMENT

Recommended Cognitive Domain Recommended Cognitive Assessment Measures Specific Cognitive Skills Evaluated

Working memory

Auditory Consonant Trigrams (ACT)
Short term or working memory task requiring on-line 
maintenance of information while performing an 
interference task during a delay

Paced Auditory Serial Attention Test (PASAT)
Serial attention task assessing working memory, divided 
attention, and information processing speed

Brief Test of Attention (BTA) Auditory divided attention

Wechsler Adult Intelligence Scale -IV (WAIS-IV) Letter 
Number Sequencing

Working memory, attention, and mental control
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that has been used to assess the major cognitive 
domains identified as key for cancer-related 
treatments.24,96–98 The standard CDR cognitive 
assessment battery includes immediate and 
delayed word recall, word recognition, picture 
recognition, simple reaction time, digit vigilance, 
choice reaction time, numeric working memory, 
and spatial working memory. Additional 
individual tests, such as executive function, can be 
added to the standard battery to target specific 
cognitive domains. The CDR demonstrated 
sensitivity in detecting cancer treatment-related 
cognitive changes in a clinical trial of patients 
with advanced colorectal cancer by revealing that 
patients treated with recombinant IL-2 (rIL-2) 
with chemotherapy experienced significant 
cognitive impairments, especially in reaction 
time, picture recognition, and vigilance compared 
to patients treated only with chemotherapy. 
Additionally, baseline cognitive functioning was 
restored within 10 days following the cessation of 
rIL-2.96 In one study of adult patients with cancer 
(Hodgkin’s disease, non-Hodgkin’s lymphoma, 
chronic lymphocytic leukemia, or multiple 
myeloma), the CDR found marked impairments 
on the Power of Attention domain (focused 
attention, information processing ability, and 
ability to concentrate), as well as slowing in speed 
of retrieval of information.98 In studies of patients 
with breast cancer, the CDR system has recorded 
significant impairment in attention, verbal 
memory, visual recognition memory, and working 
memory.24,78 

CNS Vital Signs is another a computerized 
neurocognitive test battery that has been 
validated in a broad age range and across both 
clinical and nonclinical populations, including 
cancer patients.99 The CNS Vital Signs platform 
has 10 normed neurocognitive tests available, 
including verbal memory, visual memory, finger 
tapping, symbol digit coding, the Stroop test, 
shifting attention, continuous performance test, 
perception of emotions, nonverbal reasoning, 
and four-part continuous performance test. The 
10 normed neurocognitive tests of CNS Vital 
Signs can be arranged into a custom testing 
panel for standardized data collection and can 
be complemented with additional 26 un-
normed cognitive tests. In one prospective study 
examining the incidence and severity of cognitive 
dysfunction in meningioma patients before and 
after surgery, cognitive assessment using the 
CNS Vital Signs battery found that meningioma 
patients demonstrated significantly lower 

scores in all cognitive domains (i.e., memory, 
psychomotor speed, reaction time, complex 
attention, cognitive flexibility, processing speed, 
and executive functioning) pre- and post-
operatively compared to normative data, which 
is consistent with previous research examining 
cognitive functioning in meningioma patients 
with conventional paper-and-pencil cognitive 
measures.100 Additional analyses revealed that 
patients demonstrated improvement in test 
performance post-operatively in all domains, 
with the exception of psychomotor speed and 
reaction time. Evaluation of cognitive functioning 
using the CNS Vital Signs battery in lymphoma 
survivors who had completed treatment in the 
past five years revealed that lymphoma survivors 
obtained significantly poorer scores on measures 
of attention and executive functioning compared 
to controls.32

CogState is another computerized testing 
platform that offers a series of valid and reliable 
computerized neurocognitive tests that can be 
customized for cognitive assessment of cancer 
patients. The CogState Brief Battery assesses 
four core cognitive domains: processing speed, 
attention, visual learning, and working memory, 
and has been used extensively in evaluating 
cognitive functioning and impairments in a 
range of clinical indications in adult and pediatric 
populations. A recent study utilized the CogState 
Brief Battery Tests and conceptually matched 
traditional neuropsychological tests and a 
self-report measure of daily functioning (the 
Functional Activities Questionnaire) in 53 post-
menopausal women (26 breast cancer survivors 
and 27 healthy controls).101 Analyses revealed 
significant correlations between the CogState 
Brief Battery tests on some, but not all, traditional 
neuropsychological tests.101 These researchers 
reported preliminary support for criterion validity 
but noted additional research was needed to 
further confirm the use of CogState tests to 
detect subtle cognitive differences between 
breast cancer survivors and healthy controls, 
given the small sample size and low base rate of 
cognitive impairment in the study. In a separate, 
ongoing study collecting cerebrospinal fluid while 
prospectively assessing cognitive functioning in 
patients with acute lymphoblastic leukemia (ALL) 
during and after chemotherapy, baseline data 
found that 85 percent of patients demonstrated 
intact cognitive functioning in domains of 
working memory, executive functioning, learning, 
processing speed, and attention on the CogState 

computerized battery compared to same age 
peers along with the baseline cerebral spinal 
fluid (CSF) markers being within expected normal 
ranges.102

MANAGEMENT AND TREATMENT 
INTERVENTIONS FOR COGNITIVE 
CHANGES IN CANCER

Some interventions might be useful to manage 
the cognitive changes experienced by patients 
with cancer. Possible nonpharmacological 
interventions include cognitive rehabilitation, 
occupational therapy, instruction in coping 
strategies, behavioral modification, and 
mindfulness practices to manage distress, 
pain, sleep disturbances, and fatigue.5,103 
Clinically it is usually appropriate to begin with 
nonpharmacologic interventions. For instance, 
attention retraining and instructional use of 
compensatory strategies have shown some 
promise in addressing cognitive complaints 
and mental fatigue in patients with cancer.104 
Similarly, cognitive rehabilitation and training 
techniques that employed repeated skills training, 
awareness practice, and adaptive difficulty 
levels showed positive benefits in cognitive 
organization and self-reported quality of life.105 A 
multidisciplinary approach delivered by a team of 
psychologists, speech and language pathologists, 
and occupational and vocational specialists has 
been shown to facilitate improved community 
independence and employment outcomes in a 
study of patients diagnosed with brain tumors.106

Some of the neurotoxic fatigue and cognitive 
side effects of cancer chemotherapy might be 
managed with psychostimulant medications.8 It 
is important to note that psychostimulants are 
generally prescribed for a limited period of time 
during chemotherapy and that the long-term 
benefits, if any, for cognition in survivors of cancer 
has not been assessed. Gehring et al107 found 
that patients with brain tumors treated with 
methylphenidate or modafinil had improvements 
in divided attention, particularly in patients 
who had the greatest cognitive impairment 
at baseline. Using the CDR computerized test 
system, Kohli et al97 found that modafinil 200mg 
given daily for eight weeks improved cognitive 
functioning in the domains of memory and 
attention in survivors of breast cancer, specifically 
the speed of memory and quality of episodic 
memory. 

Donepezil also has been used to treat 
cancer-related fatigue, attention, and memory, 
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although the data come from small studies 
and must be interpreted with caution.108–111 
A recent pilot trial of 15 patients with brain 
tumor(s) revealed significant post-baseline 
improvement in attention, graphomotor speed, 
visual memory, and self-reported quality of life 
after receiving a daily dose of donepezil for 24 
weeks.111 Lawrence et al110 reported improved 
delayed verbal memory following donepezil 
treatment in patients with breast cancer, with 
self-reported cognitive impairments 1 to 5 years 
following adjuvant chemotherapy. Wefel et al112 
reported a delayed time to cognitive decline 
in patients with brain metastases undergoing 
WBRT who received memantine treatment 
compared to placebo.

CONCLUSION
Cognitive impairment can affect daily 

functioning, quality of life, and capacity to 
work in patients with cancer and those in 
remission. Consequently, cognitive assessment 
is now an important and necessary part 
of a comprehensive oncological care plan. 
Cancer-related cognitive impairment might 
be due to the direct effects of the cancer itself, 
nonspecific factors, or comorbid conditions 
that are independent of the disease and/or 
due to the adverse effects of the treatment 
or combination of treatments given for the 
disease. The prevalence and extent of cognitive 
impairment associated with cancer is recognized 
but not well understood due, in part, to 
marked differences in the research methods 
and definitions used for evaluating cognitive 
functioning in these patients. Most studies have 
identified attention, memory, and information 
processing as the most frequent cognitive 
domains impacted by cancer and cancer-related 
treatments, but further research clearly is 
needed.  Recent efforts have been made to 
develop common definitions to define cognitive 
impairment in cancer patients and to suggest 
guidelines for the most appropriate cognitive 
tests to be used. 

Cognitive function has increasingly been 
recognized as a requisite therapeutic target in 
many diseases, including cancer. The extent 
of cognitive impairment that is observed in 
patients with cancer and those in remission 
make cognitive functioning a particularly 
important target for clinical trials and clinical 
practice in oncology.
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