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KEY POINTS

� Impairment of neurocognitive functioning is common in patients with brain tumors, which
can lead to functional disability and handicap and/or decreased health-related quality of
life.

� Contributors to impairment of neurocognitive function and decreased well-being include
the lesion itself, individual and tumoral genetic characteristics, antitumoral and other treat-
ments received, and neurologic and psychosocial comorbidities.

� Although efficacy is variable, numerous strategies exist to prevent and ameliorate neuro-
cognitive functioning impairment and to bolster health-related quality of life in patients
with brain tumors.

� Strategies include pharmacologic agents, advanced surgical planning, modification of ra-
diation therapy, compensatory strategy training, and lifestyle modification.
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INTRODUCTION

Adults with primary or metastatic brain tumors tend to experience high symptom
burden and functional impairment during their illness trajectory.1,2 The pattern of
symptoms and impairments depends on individual, tumor, and treatment factors
but commonly include motor dysfunction, seizures, fatigue, and neurocognitive func-
tioning (NCF) difficulties. These problems have the potential to impact physical and
mental health and often lead to a decreased health-related quality of life (HRQoL)
(Fig. 1).3 Brain tumor treatments also have associated adverse effects and can result
in deterioration of functioning, although stabilizing the disease and delaying tumor pro-
gression through efficacious treatment may also benefit symptom burden and patient
functioning.
A well-known framework for measuring patient functioning and well-being is the

World Health Organization International Classification of Functioning, Disability,
and Health,4 which includes assessments at 3 levels: (1) impairment in body func-
tion, (2) consequences of impairment in daily activities, and (3) how dysfunction af-
fects well-being and social interactions. There are several outcome measures that
measure patient functioning and well-being across these levels, referred to as clin-
ical outcome assessments (COAs).5 Patient-reported outcomes represent an impor-
tant COA, which comprise self-report measures of functioning and well-being,
including symptoms, interference with life activities, and overall quality of life. Other
types of COAs include clinician-reported outcomes and observer-reported out-
comes. Performance outcomes represent another essential COA tapping objective
aspects of patient functioning proximal to the level of impairment in body functioning
(ie, brain functioning). In the brain tumor setting, this involves objective measurement
of NCF. Performance outcomes are often used in conjunction with other COAs to
provide information on the net clinical benefit and/or adverse effects of brain tumors
and their treatment.6

This review begins with a discussion of contributors to, and the consequences of,
NCF impairment in patients with brain tumors. Particular focus is given to performance
outcomes, although relationships with other COAs commonly used in neuropsycho-
logical practice and research are described. This is followed by discussion of factors
Fig. 1. Symptoms experience model.
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associated with broader patient functioning, symptoms, and other aspects of HRQoL,
with an emphasis on patient-reported outcome measurement methods.

NEUROCOGNITION

Although central nervous system neoplasms vary widely in malignancy and prognosis,
all patients with brain tumors are at increased risk of NCF impairment. The pattern and
severity of NCF dysfunction in patients with brain tumors differ across individuals ac-
cording to numerous patient characteristics and tumoral features, as well as systemic
therapies and adjuvant treatments received. In addition to being a primary concern of
patients with brain tumors, NCF is also associated with the ability to perform daily ac-
tivities and overall HRQoL.2,7 The severity of NCF impairment predicts survival beyond
clinical prognostic factors alone,8 further supporting its usefulness in brain tumor clin-
ical and research settings.
Clinical neuropsychological assessment involves a comprehensive multimodal–

multimethod evaluation. This process includes record review and a clinical interview
further assessing the presenting concerns, the functional impact of the disease, and
the goals of care. During the formal assessment portion of the evaluation, patients
are administered performance-based tests of NCF along with patient-reported out-
comes, including measures of patient symptoms, emotional well-being, and HRQoL.
Although brief screening tests exist (eg, Mini-Mental State Examination and Montreal
Cognitive Assessment), comprehensive neuropsychological testing is preferred given
its superior sensitivity to impairment and broader and more detailed coverage of
NCF.9 Neuropsychological testing is increasingly included as outcome measures in
applied research, including large-scale clinical trials,10 enhancing the cost–benefit
analysis of various treatments for brain tumors. The results of comprehensive neuro-
psychological evaluation serve as the basis for diagnosing cognitive, emotional, and
neurobehavioral disorders, as well as aid in developing personalized treatment plans
to maximize functional independence and improve well-being.11,12

Unfortunately, most patients with brain tumors will exhibit objective NCF impairment
at some point in the disease course, with learning, memory, and executive functioning
among the most commonly impacted domains. However, considerable variability ex-
ists in the pattern and severity of NCF impairment according to numerous patient, tu-
mor, and treatment characteristics.

PATIENT CHARACTERISTICS

Cognitive reserve differs across individuals and seems to moderate NCF outcomes in
patients with brain tumors.13 Specifically, patients with higher education tend to have
better NCF, whereas older age seems to convey an increased risk of NCF impairment.
Additionally, patients with brain tumors and an APOE e4 allele seem to be at increased
risk of NCF impairment.14 Various other germline genetic polymorphisms have also
been associated with NCF, including those involved in neuronal health, neurotrans-
mitter regulation, inflammation and oxidative stress response, DNA repair, and cell cy-
cle regulation.15,16

TUMOR-RELATED FACTORS

Although memory and executive functions seem to be particularly vulnerable in pa-
tients with brain tumors, the pattern and severity of NCF impairment can vary by lesion
location, with left hemisphere patients tending to exhibit greater deficits on testing
than those with right-sided lesions.17,18 Additionally, recent work indicates that
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involvement of specific structures may cause differing patterns of alterations in struc-
tural and functional connectivity with associated impact on specific cognitive pro-
cesses.19 Despite such evidence localizing NCF impairments to focal disruptions in
brain networks, other work has demonstrated more diffuse effects, even implicating
structures contralateral to the brain tumor in NCF outcomes.20,21 In other words, it
seems that the relatively focal pathology of brain tumors disrupts both local and distal
brain structures and functions, resulting in a mix of focal deficits and more diffuse
impairments.
Although greater preoperative lesion volume is associated with greater NCF impair-

ment,22 baseline NCF seems to also differ according to tumor growth kinetics.23 Pa-
tients with greater lesion momentum, as indicated by tumor grade and/or molecular
characteristics, seem to be at greater risk of NCF regardless of lesion volume. More
specifically, those with more aggressive, higher grade tumors exhibit worse NCF
than their lower grade counterparts.22 Similarly, patients with the more unfavorable
IDH wild-type glioma show greater NCF impairment than those with IDH-mutant tu-
mors.23 These findings seem to be related, at least in part, to greater functional reor-
ganization and preservation of white matter microstructure permitted by the more
slowly growing tumors.24,25
TREATMENT-RELATED FACTORS

In addition to the lesion itself, surgical intervention may contribute to NCF impairment
in patients with brain tumors, especially for those with involvement of eloquent brain
regions.26 The etiology of postoperative NCF decline is likely multifactorial and related
to damage incurred to functional tissue during resection, the development of edema,
and complications such as seizures and perioperative infarcts. Postoperative NCF is
also associated with prognosis, because those with acquired deficits have a signifi-
cantly decreased survival rate.8 Accordingly, the neurosurgical team must balance
carefully the goal of maximizing the extent of resection with the risk of acquiring
NCF deficits.
Many patients with brain tumors will require radiation therapy for improved disease

control and sensitization to chemotherapeutic agents. Although it is known that radi-
ation therapy has a deleterious impact on white matter structures,27 study of the ef-
fects of radiation therapy on objective NCF is difficult in most brain tumor
populations given that many patients also receive concurrent therapies and tumors
may progress, both of which impact NCF outcomes. Nonetheless, some evidence
suggests that radiation dose to the hippocampus is associated with memory
decline,11 and worse NCF after radiation is associated with lower educational attain-
ment and having received radiation to the whole brain.28

Patients with brain tumors often require chemotherapy for oncologic disease
control, concurrently with radiation and/or as a single regimen in the adjuvant
setting. Although chemotherapeutic agents can have deleterious effects on NCF
in a sizable proportion of patients with cancer, most evidence comes from studies
involving non–central nervous system disease. Despite this finding, a few studies
have shown postchemotherapy NCF decreases in more than 30% of patients
with glioma, both shortly after therapy and in the longer term survivorship
period.10,29 However, the interpretation of such studies is complicated by the
fact that patients also received prior treatments (eg, radiation) that may convey a
risk of delayed worsening of NCF. Accordingly, additional work is needed to under-
stand the prevalence of and risk factors for chemotherapy-related cognitive decline
in brain tumor populations.
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OTHER CONTRIBUTORS

Numerous additional factors can impact NCF in patients with brain tumors, including
medications for neurologic sequelae and comorbidities, such as steroids, antiepileptics,
and analgesics. Fatigue and sleep problems are common in patients with brain tumors,
which can exacerbate NCF deficits. Affective issues, such as depression and anxiety,
also frequently occur during the glioma disease course. Recent work indicated that
depressive symptoms and executive dysfunction predict survival, with worst prognosis
in patients with co-occurring affective distress and impaired NCF.8 Patients may also
experience personality or neurobehavioral changes, such as the affective blunting often
seen in patients with low-grade glioma. Interestingly, such emotional suppression has
been associated with a decrease in aspects of executive functioning.30

PREVENTION AND INTERVENTION

Given the frequency of objective NCF impairment in patients with brain tumors and
associated disability and decreased HRQoL, prevention of and intervention for NCF
decline is paramount. Brain mapping represents an important group of invasive (eg,
intraoperative direct cortical stimulation) and noninvasive (eg, functional MRI, diffusion
tensor imaging tractography, transcranial magnetic stimulation) techniques that can
mitigate risk of surgically acquired NCF impairment.31 These techniques strive to iden-
tify eloquent cortical and subcortical structures underlying various NCF abilities, help-
ing neurosurgeons to decrease risk of damage to critical structures and better
preserve NCF. Regarding radiation therapy, research involving patients with brain me-
tastases suggests that hippocampal avoidance during whole brain radiation can pre-
serve memory functioning.32 Importantly, recent preliminary work indicates that this
technique may have similar benefits for patients with malignant glioma.33 Additionally,
radiation therapy using protons may have advantages for NCF longevity over conven-
tional photon radiation.34

Pharmacologic agents have also been used, with varying degrees of efficacy, for the
prevention or amelioration of NCF impairment in patients with brain tumors. Much of
this work has focused on medications often used to treat Alzheimer’s disease, such as
memantine and donepezil. Memantine seems to slow time to cognitive decline when
administered during whole brain radiation for patients with brain metastases,35 and
donepezil may benefit memory functioning and processing speed in patients with
brain tumors after completion of radiation.36 Additional work suggests that other med-
ications typically used to treat attentional disorders, fatigue, and sleep disorders (eg,
psychostimulants, hypnotics) may also benefit NCF in brain tumor populations.37,38

Rehabilitative approaches are commonly characterized as either compensatory strat-
egy training or cognitive retraining. Strategy training involves teaching techniques to help
compensate forNCFdeficits,whereas retrainingaims to improve thedeficient brain func-
tion itself. A number of studies suggest that rehabilitation approaches, such as compen-
satory strategy training can be beneficial to NCF in patients with brain tumors.39 In
contrast, the evidence is mixed for cognitive retraining, with studies often failing to
show transfer of gains beyond the trained task itself. Lifestyle interventions, including ex-
ercise, may also be part of rehabilitative programs, with some early evidence indicating
usefulness in the treatment of NCF impairment in patients with brain tumors.40

HEALTH-RELATED QUALITY OF LIFE

As with objective NCF performance outcomes, both the tumor and its associated
treatments can impact aspects of HRQoL in patients with brain tumors. Generally
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speaking, the tumor has only negative effects, whereas treatment can have both pos-
itive and negative effects.41

Tumor-Related Factors

Postdiagnosis and pretreatment HRQoL scores for glioblastoma patients are both
significantly lower than patient controls,42,43 suggesting a direct tumor impact on func-
tioning and well-being. Several tumor-related factors have been associated with as-
pects of worse HRQoL, including tumor grade, volume, and location in the brain.
Patients with higher grade tumors report significantly worse HRQoL compared with
those with lower grade tumors,44,45 although this finding may reflect whether the pa-
tient has stable versus recurrent disease. Large multifocal tumors, tumors in the
nondominant hemisphere, and frontal lobe tumors have been associated with worse
HRQoL for brain tumor patients44,46,47 related to problems with pain, mobility, energy,
mood, sleep, and social isolation.47

Treatment-Related Factors

Surgical intervention can decrease tumor volume, improve symptom burden, post-
pone recurrence, and extend survival,48 although surgery can also result in worsening
of symptoms and functional impairments.49 Importantly, postoperative decreases in
aspects of HRQoL tend to be transient, and typically the clinical benefit of resection
outweighs early adverse effects.48,50

Radiotherapy and chemotherapy extend survival in patients with brain tumors,44,49

but treatment-related toxicities can result in symptoms and declines in functioning and
well-being. Radiotherapy can stabilize brain tumor growth, delay time to progression,
and help to maintain HRQoL, although fatigue, insomnia, and cognitive complaints are
common during treatment51 and can persist into survivorship.52 Although there are
several chemotherapeutic agents used to treat brain tumors, temozolomide is the
mainstay of therapy and has been shown to extend survival and maintain HRQoL
for patients with gliomas and brain metastases.53,54 In those with high-grade glioma,
the benefits from temozolomide therapy seem to persist from the stable disease
period until progression, at which point there is significant deterioration in several as-
pects of HRQoL.49

Stereotactic radiosurgery is a treatment approach delivering radiation to precise tar-
gets, which may decrease the risk for adverse treatment effects and functional impair-
ment. A recent systematic review reported HRQoL findings from 9 studies using
gamma knife radiosurgery in patients with brain metastases.55 The authors found
that the majority of studies showed largely stable HRQoL scores after gamma knife
across multiple domains, even up to 12 months after treatment. Studies that reported
a decline in aspects of HRQoL involved older patients or HRQoL assessments further
removed from treatment.55 Results are similar for proton therapy in primary brain tu-
mor patients, with mostly stable or improved HRQoL reported.56 Typically, studies
showing a decline in HRQoL domains after proton therapy capture the transient
changes occurring during or early after treatment.57

Immunotherapies for solid tumors have expanded in recent years with some prom-
ising results, although trials in patients with brain tumors have demonstrated little clin-
ical benefit.58 Other immunotherapy trials in patients with primary and metastatic brain
tumors are ongoing and include the use of checkpoint inhibitors, tyrosine kinase inhib-
itors, and vaccines. Several randomized phase II and III trials have evaluated use of
bevacizumab, an antiangiogenic agent, in combination with cytotoxic drugs to treat
newly diagnosed59–61 and recurrent high-grade gliomas,58,62 although this drug has
largely failed to show significant survival advantage or improvements in HRQoL
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compared with controls. In a phase III trial in patients with newly diagnosed glioblas-
toma, patients reported increased symptom burden over time, as well as a decrease in
HRQoL, specifically cognitive complaints and motor dysfunction.59 In a similar trial,
HRQoL was maintained longer in the bevacizumab group and glucocorticoid require-
ments were lower; however, both trials reported more frequent serious adverse events
in patients receiving bevacizumab.61

Over the last decade, the use of tumor treating fields, also known as Optune, have
shown potential to improve clinical outcomes for patients with glioblastoma.63 Early
trial results showed improved progression-free and overall survival rates in those
with recurrent glioblastoma who received tumor treating fields therapy versus active
control chemotherapy, with only mild skin-related adverse effects reported.64 The
impact of the therapy on aspects of HRQoL were mixed, with improvements in global
health and cognitive, emotional, and role functioning domains, but worsening in phys-
ical functioning.64 Tumor treating fields have also been studied in newly diagnosed
glioblastoma, randomized to temozolomide alone or in combination with tumor treat-
ing fields.65 Results indicated that overall survival was prolonged without a negative
impact on HRQoL, apart from localized pruritis, which was an expected consequence
of the treatment.66

The use of concomitant medications is common during treatment and can impact
symptom burden and functioning. Antiepileptic drugs can enhance aspects of HRQoL
by decreasing seizure frequency and associated functional limitations, such as
driving.67 Although steroids and antiepileptics have the potential to improve patient
functioning and well-being, they can also be associated with undesirable side effects,
including drug–drug interactions, impaired cognition,44,49 disturbed sleep, and mood
changes.68 Therefore, the judicious use and consideration of tapering these medica-
tions should be considered when medication risks outweigh benefits.

Symptom Burden and Functional Limitations

Patients with brain tumors experience both disease-specific and general cancer
symptoms, both of which may contribute to a deterioration in functioning or overall
HRQoL.44,69–71 Symptoms specific to brain tumors occur as a result of elevated intra-
cranial pressure and direct cellular damage. These symptoms include headache, sei-
zures, and focal motor and/or cognitive complaints.42,43 Symptoms ubiquitous across
all cancers are also common and include fatigue, mood and sleep disturbance,
nausea, and pain.72 When patients with a brain tumor experience recurrence or pro-
gression of disease, they typically report a decline in overall HRQoL related to the
greater symptom burden, worsening physical functioning, and work and participation
limitations.73

Some of the most commonly reported symptoms in those with primary and meta-
static brain tumors include fatigue, distress or mood disturbance, sleep disturbance
and drowsiness, and cognitive symptoms, with symptoms typically occurring in clus-
ters.51,74 In a large study of patients with newly diagnosed glioma,74 nearly one-half of
patients reported 5 to 10 concurrent symptoms, aligning with motor, fatigue, pain, and
gastrointestinal, seizure, and bladder control clusters, with the motor and fatigue clus-
ters negatively impacting several aspects of function. Additionally, patients with mod-
erate to severe symptoms are more likely to have a poor functional status. Further,
affective and cognitive symptoms contribute to worse HRQoL in long-term survivors,
specifically in activity-related and mood disturbances.75,76 Activity-related interfer-
ence, such as walking and the ability to work, has been shown to be a particularly
prognostic metric, not only for its impact on life quality, but also in prediction of tumor
progression and survival.77,78
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Socioeconomic Impact

Patients with brain tumors can also experience a decrease in another important
HRQoL domain, namely, financial toxicity. Patients with a brain tumor have a high
prevalence of financial toxicity79 with risk related to changes in employment status,
lower socioeconomic status, higher out-of-pocket health care costs, and being on
active treatment.80 Although direct relationships between financial toxicity and HRQoL
have yet to be explored, it is expected that patients who are able to continue working
may experience higher levels of role and social functioning, and subsequently overall
functioning and well-being.

Intervention

There are relatively few interventions available that target aspects of HRQoL in pa-
tients with a brain tumor, and the existing treatments are mostly focused on the alle-
viation of specific symptoms. Nonetheless, several randomized controlled trials of
supportive care interventions have been conducted in brain tumor populations.81 A
number of studies have used psychostimulants82–84 targeting fatigue, sleepiness,
and overall quality of life, although they all failed to show an improvement in symptoms
or well-being. Some preliminary evidence suggests that psychosocial interventions
may be useful in this population, with an indication that home-based family and patient
intervention may improve depressive symptoms, global HRQoL, and existential and
functioning well-being.70 Although an internet-based problem-solving intervention
demonstrated post-treatment improvement in fatigue, there were no changes in
depressive symptoms or other aspects of HRQoL.69 Other novel interventions that
aim to enhance HRQoL include acupuncture and virtual reality to target functional
and cognitive deficits, with promising improvements reported in self-care ability,
sensorimotor function, symptom burden, and several HRQoL domains.85,86

DISCUSSION AND FUTURE DIRECTIONS

Patients with brain tumors frequently experience NCF impairment with a multifacto-
rial etiology. However, the patterns and severity NCF impairment and its functional
impact can differ greatly according to tumor and patient characteristics, as well as
prevention and intervention strategies used. Unfortunately, the NCF difficulties com-
mon to these patients can profoundly impact autonomy and well-being, with an indi-
cation that even survival can vary in relation to NCF outcomes. Neuropsychologists
are uniquely positioned to evaluate the NCF sequelae of brain tumors and can facil-
itate implementation of existing interventions and the development of novel manage-
ment strategies moving forward. Further, neuropsychological methods such as
performance-based testing have already proven usefulness as important outcomes
in clinical trials and should remain among the forefront of patient-centered outcomes
in future clinical trials.
In brain tumor clinical trials, the benefits of a new treatment strategy should continue

to be weighed against the associated adverse effects, not only in terms of overall and
progression-free survivals and NCF, but also with regard to relevant aspects of
HRQoL. However, measurement heterogeneity for HRQoL outcomes continues to
be an issue when comparing clinical trial findings; thus, further work must strive for
an alignment of outcome measures to accurately assess the impact of new treatment
strategies on patient functioning and well-being. Additionally, understanding the nat-
ural history and trajectory of symptoms and functional limitations are critical to under-
standing and potentially mitigating risk for poor patient outcomes. Finally, there is a
need for the development of novel interventions to target single or multiple aspects
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of HRQoL, which could improve symptom burden, tolerance of antitumor therapies,
and potentially prolong progression-free survival for patients with brain tumors.

SUMMARY

Despite decades of pharmaceutical and clinical research, brain tumors remain incur-
able and management is directed at maximizing survival while maintaining functioning
and well-being. NCF and HRQoL have become key outcome measures included in
brain tumor clinical trials facilitating determination of the net clinical benefit for new
treatment options. Additionally, routine assessment of NCF and HRQoL is clinically
informative, aiding in the identification of functional problems and symptoms that
may be targeted with interventions that ultimately improve patient well-being during
an often all-too-brief survivorship period.

CLINICS CARE POINTS
� The measurement of patient functioning should incorporate objective and subjective
assessment techniques to determine the extent of impairment in brain function, the
consequences of impairment in daily activities, and how dysfunction affects the patient’s
well-being and social interactions.

� Comprehensive neuropsychological evaluation is superior to brief cognitive screening
measures for the assessment of neurocognitive function in patients with brain tumors.

� Neurocognitive impairment is associated strongly with patient functional independence and
characterization of a patient’s neurocognitive profile can help to facilitate interventions,
such as targets for rehabilitation.

� Patient perception of functioning and well-being can be captured through various patient-
reported outcome measures, which can be useful in determining the tolerability and
effectiveness of various antineoplastic therapies.

� Interventions aimed at improving overall patient functioning may be better informed by
assessing patient HRQoL in various domains.

� Long-term survivorship owing to more effective therapies will require careful attention to
patient-reported outcomes and performance outcomes, such as HRQoL and NCF, to assess
the net clinical benefit for patients.
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