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Purpose:We conducted the first prospective longitudinal study examining the independent association between patient-

reported health-related quality of life (hrQoL) (physical, social/family, emotional, functional, and brain cancer-specific)

and neurocognitive function (NCF), while controlling for mood symptoms in patients with primary brain tumors.

Methods and Materials: Patients with primary brain tumors (n = 59) receiving brain radiation therapy underwent hrQOL

(Functional Assessment of Cancer Therapy-Brain), mood (Beck Depression and Anxiety Inventories), and neurocognitive

evaluation at baseline and 3, 6, and 12 months postradiation therapy in a prospective clinical trial. Neurocognitive assess-

ments measured attention/processing speed, memory, and executive function, including the Delis-Kaplan Executive Function

System Verbal Fluency, Hopkins Verbal Learning Test Revised (HVLT-R), and Brief Visuospatial Memory Test. Subjects

underwent neurocognitive, mood, and hrQoL assessments in the same testing session. Multivariable linear mixed-effects

models assessed associations between hrQOL and NCF over time, controlling for patient, tumor, and treatment characteristics

as well as timepoint-specific patient-reported mood (ie, anxiety and depression symptoms). P values were adjusted for multi-

ple comparisons.
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Results: Higher physical hrQoL was associated with better verbal memory (HVLT-R Total Recall, P = .047), and higher

functional hrQoL was associated with better executive function (Delis-Kaplan Executive Function System Verbal Fluency

Switching Total, P = .009) and verbal memory (HVLT-R Delayed Recall, P = .006). Higher brain tumor-specific hrQoL was

associated with better verbal and nonverbal memory (HVLT-R Total, P = .004 and Delayed Recall, P = .030; Brief Visuospa-

tial Memory Test Total, P = .049 and Delayed Recall, P = .049). There was no association between social/family or emotional

hrQoL and NCF after controlling for mood.

Conclusions: Higher physical, functional, and brain tumor-specific hrQoL were associated with better executive function and

memory among patients with primary brain tumors. Physical and functional impairments are correlated with cognitive perfor-

mance. Interventions to maximize quality of life after treatment may influence neurocognition and vice versa. � 2021 Elsevier

Inc. All rights reserved.
Introduction
Mood, health-related quality of life (hrQoL), and neurocog-

nitive function (NCF) are the most important patient-rele-

vant outcomes other than survival in the brain tumor

population.1 These outcomes are assessed and regarded

independently in the clinical and research settings2,3; how-

ever, it is in fact the intersection between these 3 compo-

nents that contributes to patients’ overall functioning.

Indeed, in a previous study, we found that patients’ mood

correlates with how patients think,4 suggesting that

efforts to address anxiety and depression symptoms may

improve neurocognitive performance. Although hrQoL

and mood are highly linked,5,6 hrQoL encompasses

important aspects of the patient experience not captured

by assessment of mood alone, including physical symp-

toms and functional status. These represent crucial

aspects of patient well-being and may thus additionally

contribute to NCF.

Explorations of the relationship between hrQoL and

NCF in the primary brain tumor population have been lim-

ited. Two retrospective cross-sectional studies5,7 of patients

with primary brain tumors at a single timepoint and one lon-

gitudinal study of patients with metastatic brain tumors8

have demonstrated a link between NCF and hrQoL. Yet, to

our knowledge, no prospective longitudinal studies of this

association in patients with primary brain tumors have been

conducted. In particular, previous studies have failed to

parse the relationship between NCF and hrQoL independent

of depression and anxiety symptoms. Although mood has

been shown to correlate with neurocognitive performance,4

it comprises only one segment of well-being. The addi-

tional facets of patients’ experiences captured within

hrQoL may share a different relationship with NCF

that is also important to explore. We present the first

prospective clinical trial examining the association

between patient-reported hrQoL and domain-specific

NCF while controlling for mood symptoms in a diverse

group of high-functioning patients with primary brain

tumors, for whom NCF and hrQoL preservation is espe-

cially pertinent. We hypothesized that diminished multi-

dimensional hrQoL would be associated with reduced

executive function, attention and processing speed, and

memory assessed at the same timepoint, highlighting the
significance of collecting both mood and hrQoL out-

comes when evaluating NCF in this patient population.
Methods and Materials
Study design and participants

This study was approved by our institutional review

board. All enrolled patients provided written informed

consent. Adult patients (n = 63) with primary brain

tumors treated with partial-brain radiation therapy (RT)

with protons or photons were enrolled in this ongoing

prospective, observational clinical trial from 2014 to

2019. Eligibility criteria included age >18 years, Kar-

nofsky Performance Status ≥70, ability to undergo neu-

rocognitive testing in English, and life expectancy >1
year. Patients who received prior brain RT were

excluded. Subjects underwent neurocognitive, mood, and

hrQoL assessments in the same testing session at base-

line (pre-RT) and at 3, 6, and 12 months after RT.
Quality of life assessments

The Functional Assessment of Cancer Therapy-Brain

(FACT-Br) is a validated, self-report, 53-item question-

naire evaluating symptoms associated with primary and

metastatic brain malignancies over the past 7 days. This

covers 5 subscales of well-being: physical, social/family,

emotional, functional, and brain tumor-specific. The

FACT-Br has been used in other studies of patients with

brain tumors.9,10 Greater hrQoL is reflected by a higher

score on each subscale. Mean scores on each hrQoL

subscale among a reference population of patients with

brain tumors have been described elsewhere.11 Scores

were classified as average, below/above average, and

well below/above average (within 1, 1-2, and 2-3 stan-

dard deviations of the subscale mean, respectively).
Mood assessments

The Beck Depression Inventory-II12 (BDI) and Beck

Anxiety Inventory13 (BAI) are validated, self-report
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questionnaires that assess the number and severity of

depression and anxiety symptoms in the past 1 to 2 weeks.

A higher score on each of these tests indicates a greater

number and/or severity of depression and anxiety symp-

toms. These are robust assessments that have been used in

other studies of patients with cancer.4,5
Table 1 Patient, treatment, and tumor characteristics

Study population characteristics

at baseline, n = 59

n (%) or median

(range)

Age, y 47 (20-75)

Sex

Male 36 (61.0)

Female 23 (39.0)

Race/ethnicity

Hispanic 6 (10.2)

Non-Hispanic

Asian/Pacific Islander 3 (5.1)

Black/African American 1 (1.7)

White 49 (83.1)

Highest education achieved

High school 12 (22.6)

College 26 (49.1)

Graduate school 15 (28.3)

Marital status

Married 42 (71.2)

Single 17 (28.8)

Handedness

Left-handed 8 (14.0)

Right-handed 49 (86.0)

Tumor diagnosis

Glioma

Low-grade (WHO grade I-II) 9 (15.3)
Neurocognitive assessments

Neurocognitive assessment consisted of 6 tests (12 test

indices) measuring executive function, attention and

processing speed, and memory. Executive function was

measured by the Delis-Kaplan Executive Function Sys-

tem14 Verbal Fluency (DKEFS-VF) Letter Fluency and

Category Switching subtests and the Wisconsin Card

Sorting15 Test Perseverative Errors score. Attention and

processing speed were evaluated by the DKEFS Trail

Making Visual Scanning, Number Sequencing, and Let-

ter Sequencing tests and the Weschler-Adult Intelligence

Scale-IV16 Digit Span and Coding subtests. Memory

was assessed with the Hopkins Verbal Learning Test-

Revised17 (HVLT-R) Total Recall and Delayed Recall

tests and the Brief Visuospatial Memory18 (BVMT)

Total Recall and Delayed Recall tests. To avoid increas-

ing familiarity with tests at subsequent testing sessions,

alternate forms of the DKEFS-VF test were used at 3

and 12 months. Alternate forms of the HVLT-R and

BVMT tests were used at each testing session. Raw neu-

rocognitive test scores were converted to t scores

(mean = 50, standard deviation = 10) and corrected for

age, sex, and education when appropriate.19
High-grade (WHO grade III-IV) 26 (44.1)

Pituitary adenoma 5 (8.5)

Meningioma 13 (22.0)

Other* 6 (10.2)

Tumor side

Left 32 (54.2)

Right 23 (39.0)

Central 4 (6.8)

Tumor region

Frontal 18 (30.5)

Temporal 15 (25.4)

Suprasellar 9 (15.3)

Parietal 6 (10.2)

Base of skull 4 (6.8)

Cerebellar 3 (5.1)

Cavernous sinus 3 (5.1)

Sphenoid wing 1 (1.7)

Baseline Karnofsky Performance Status

score

80 4 (6.8)

90 36 (61.0)

100 19 (32.2)

Radiation therapy type

IMRT/VMAT 44 (74.6)

Protons 15 (25.4)

(Continued)
Statistical analysis

Associations between patient and clinical factors and
baseline and longitudinal hrQoL
Statistics were performed in R Studio. First, univariable

linear and linear mixed-effects (LME) models were fit

to assess the association of baseline and longitudinal

FACT-Br scores, respectively, with patient characteris-

tics (shown in Table 1). All LME models were fit using

the lme4 package for R.20 LME models are well-suited

for longitudinal analyses because they account for

within-subject correlation between repeated measures

and allow for incomplete outcome data.21 Covariates

with a P value < .2 on initial univariable analysis were

then included in multivariable linear and LME models

for stepwise backward selection. All covariates with a

likelihood ratio test (LRT) P value < .05 on backward

selection were included in the final, multivariable mod-

els. The association between FACT-Br and BAI/BDI

scores assessed at the same timepoint was also assessed

on univariable LME analysis. All LME models of

FACT-Br scores additionally included baseline FACT-

Br score and time (categorical) as fixed effects and sub-

ject-specific random intercepts.
Associations between hrQoL and NCF

We fit multivariable LME models of the association

between each raw FACT-Br score (fixed effect) and each

neurocognitive test t score (dependent variable) assessed at



Table 1 (Continued)

Study population characteristics

at baseline, n = 59

n (%) or median

(range)

Radiation dose, Gy (median, 59.4; range,

50.4-70)

<54 8 (13.6)

≥54 51 (86.4)

Planning target volume, cc 144.6 (3.32-579.1)

Surgery

Gross total resection 13 (22.0)

Subtotal resection 36 (61.0)

Biopsy 3 (5.1)

None 7 (11.9)

Chemotherapy during or after radiation

therapy

34 (57.6)

Seizures during study period 26 (44.1)

Antiepileptic drug use during study period 31 (52.5)

Abbreviations: IMRT/VMAT = intensity modulated radiation ther-

apy/volumetric arc therapy; WHO = World Health Organization.
* Includes craniopharyngioma (2), schwannoma (3), and low-grade

chondrosarcoma (1)

Volume 111 � Number 3 � 2021 Quality of life is independently associated with neurocognitive function in pati 757
the same timepoint. Covariates listed in Table 1 were

included in these models via stepwise backward selection

to account for variability in patient characteristics within

our sample. We also included BAI and BDI scores in the

backward selection process if they were found to be signifi-

cantly associated with FACT-Br scores assessed at the

same timepoint. Clinical and mood covariates with an LRT

P value < .10 on backward selection were included in the

final, multivariable models. LRT P values for FACT-Br

subscale estimates of neurocognitive test scores in multivar-

iable models were corrected for multiple comparisons using

the false discovery rate.22
Results
Patient cohort

Of the 63 patients enrolled in this study, 59 underwent

baseline neurocognitive and hrQoL assessment and were

included in the analysis. At 3, 6, and 12 months post-

RT, 38, 40, and 33 patients underwent neurocognitive

and hrQoL assessment, respectively. Patient characteris-

tics are summarized in Table 1. This cohort was pre-

dominantly non-Hispanic white (78%) and highly

educated (49.1% college-educated, 28.3% with graduate-

level education).
Analysis of HrQoL subscales

Baseline FACT-Br outcomes are demonstrated in

Table E1. At baseline, the majority of patients had

average hrQoL across all subscales. FACT-Br Total

and subscale scores over the study period are shown in
Figure 1. Only FACT-Br Social scores significantly

decreased with time (P < .001).
Association between patient and clinical factors
and baseline FACT-Br scores

Multivariable associations between patient characteristics

and FACT-Br scores at baseline are illustrated in Figure 2a

with significant (P < .05) predictors shown in blue and yel-

low. Multivariable associations with P values are shown in

Table E2. Patients receiving protons had higher baseline

FACT-Br Total (P = .012), Functional (P = .036), and Brain

(P = .015) scores. Lower baseline FACT-Br Emotional

scores were observed in patients with right-sided tumors

(P = .013). Lower baseline FACT-Br Brain scores corre-

lated with a history of seizures (P = .008).
Association between patient and clinical factors
and longitudinal FACT-Br scores

Multivariable LME analysis of longitudinal FACT-Br

scores with clinical predictors are demonstrated in

Figure 2b, with significant (P < .05) predictors shown

in blue and yellow. Multivariable associations with P

values are shown in Table E3. Patients with a history of

seizures had lower longitudinal FACT-Br (P = .017) Total,

and Brain (P < .001) scores. Reduced longitudinal FACT-

Br Emotional scores correlated with left-handedness

(P = .003). Lower education level (P = .027) was associated

with worse longitudinal FACT-Br Brain scores.

Univariable longitudinal associations between BAI/BDI

scores and FACT-Br scores are demonstrated in Table E4.

Mean BAI/BDI scores at each timepoint in the same cohort

have been published elsewhere.4 Longitudinal BAI and

BDI scores were associated with all FACT-Br subscales

assessed at the same timepoint (P < .001); therefore, BAI

and BDI were included as covariates in the backward selec-

tion process of multivariable LME models of neurocogni-

tive outcomes. Planning target volume was not included in

the stepwise backward selection process given that it was

highly correlated with glioma diagnosis (t test P < .001).
Association between FACT-Br scores and NCF

Twelve measures of 3 neurocognitive domains (execu-

tive function, attention and processing speed, and mem-

ory) were assessed. Changes in these neurocognitive

outcomes over time in the same cohort have been

described previously.23-25
Association between FACT-Br Total, Physical,
Functional, and Brain and NCF

Univariable LME analysis of the association between

clinical covariates and longitudinal neurocognitive test
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Fig. 1. Mean Functional Assessment of Cancer Therapy-Brain (FACT-Br) Total and subscale scores over time. Line plots

for raw FACT-Br Total and subscale scores over time. Line plots are mean scores over time with error bars represent-

ing the 95% confidence intervals. Mean FACT-Br Social scores significantly decreased over time (likelihood ratio test

P value < .001).
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outcomes is shown in Table E5. Multivariable LME analy-

sis of the association between FACT-Br Total, Physical,

Functional, and Brain and each neurocognitive test control-

ling for mood symptom scores is shown in Figure 3. Higher

FACT-Br Total scores were associated with better DKEFS-

VF Switching Total (b = 0.162, P < .001) and HVLT-R

Total (b = 0.141, P = .047) and Delayed (b = 0.124,

P = .004) Recall performance. Higher FACT-Br Physical

scores correlated with higher HVLT-R Total Recall scores

(b = 0.198, P = .047). Higher FACT-Br Functional scores

were associated with better DKEFS-VF Switching Total

(b = 0.527, P = .009) and HVLT-R Delayed Recall

(b = 0.527, P = .006) performance. Higher FACT-Br Brain

scores correlated with higher HVLT-R Total (b = 0.266,

P = .004), HVLT-R Delayed (b = 0.191, P = .030), BVMT

Total (b = 0.159, P = .049), and BVMT Delayed

(b = 0.150, P = .049) Recall scores.
Association between FACT-Br Social and Emotional
and NCF

Multivariable LME models of the association between

FACT-Br Social and Emotional scores and each neurocog-

nitive domain are represented in Figure 4. After controlling

for depression and anxiety symptom scores, there were
no associations between FACT-Br Social and Emotional

scores and any neurocognitive tests.
Discussion
Mood, hrQoL, and NCF are critical outcomes in the brain

tumor population1 and together contribute to patients’ over-

all sense of well-being. Nevertheless, the interplay between

these components is often overlooked in the research and

clinical settings. Clarification of the relationship between

how patients subjectively feel and objectively think may

highlight the multifactorial nature of patients’ cognitive

impairments and facilitate the development of interventions

that improve NCF and well-being. Our previous work4

demonstrated an association between NCF and depression

and anxiety symptoms, suggesting that concurrent mood

symptoms should be accounted for in clinical trials measur-

ing NCF. However, assessment of mood fails to capture

physical symptoms and functional status, both of which are

encompassed within hrQoL and may also correlate with

cognitive performance. In this prospective longitudinal

study, we identified associations between executive func-

tion and memory and physical, functional, and brain tumor-

specific hrQoL independent of mood in patients with pri-

mary brain tumors. Future studies of patients with brain
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tumors should therefore control for both mood and hrQoL

when assessing NCF, especially given that these outcomes

are routinely gathered in prospective clinical trials.2,3 This

also suggests that physical symptoms and functional

impairment may influence cognitive performance and vice

versa, paving the way for novel interventions to improve

patient well-being.

Physical function and cognitive status are often regarded

as separate domains in patients with primary brain tumors.

We found that physical hrQoL and memory were associ-

ated; however, it is unclear which one affects the other. In

the FACT-Br Physical subscale, patients report symptoms

including nausea, pain, and fatigue. Lower short-term mem-

ory scores have been observed in patients with chronic

pain26 and fatigue syndromes,27 likely because these symp-

toms interfere with information consolidation and effort

during testing, which may manifest as memory deficits.28

Additionally, although exercise has been shown to result in

cognitive benefits via improved blood flow,29 physical

impairments may limit the ability of patients to engage in

these activities.

We also uncovered correlations between functional

hrQoL and executive function and memory. The FACT-Br

Functional subscale assesses patients’ ability to work and

participate in hobbies. These allow patients to engage in

purposeful activity, which contributes to neuroplasticity

and cognitive reserve.30 Previous studies of patients with

primary brain tumors have demonstrated associations
between functional hrQoL and executive function, attention

and processing speed, and memory; however, these out-

comes were assessed at a single timepoint.5,31 Here, we

demonstrate longitudinal correlations between NCF and

functional hrQoL before and after RT, both of which may

vary significantly over time. Moreover, these prior studies

did not adjust for mood symptoms, which we demonstrate

to be highly correlated with hrQoL.

Brain tumor-specific hrQoL was associated with mem-

ory. Patients report brain tumor-specific symptoms, includ-

ing visual and hearing impairments, in the FACT-Br Brain

subscale. These deficits have been reported in over half of

patients with brain tumors32 and have been linked to NCF

decline.33,34 A secondary analysis of a phase III trial found

correlations between FACT-Br Brain scores and memory,

verbal fluency, motor coordination, and executive function

among patients with metastatic brain tumors.8 However,

these results may not be generalizable to patients with pri-

mary brain tumors, who may differ with regards to brain

tumor symptoms and treatment.35 This study also did not

adjust for mood symptoms, making it difficult to measure

the independent relationship between brain tumor symp-

toms and cognition.

Alternatively, posttreatment cognitive decline may por-

tend reduced hrQoL. Of the 3 cognitive domains assessed

in this study, only memory and executive function corre-

lated with physical and functional hrQoL. These cognitive

domains have been shown to predict future functional
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tors of neurocognitive functioning. Assessments of attention/processing (5 tests), executive functioning (3 tests), and memory

(4 tests) are shown. Each assessment was investigated with a unique model. Beta estimates are shown by dot. Whiskers reflect

95% confidence interval (CI) of the estimate. Significant associations after correction for multiple comparisons are reflected

by a 95% CI that does not cross the 0.0 reference line. *Indicates associations that remained significant after correcting for

multiple comparisons.
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ability in older adult populations.36 Cognition plays a vital

role in facilitating communication among the biological,

social, and behavioral systems involved in the execution of

physical tasks.37 Moreover, memory and executive function

are critical in instrumental activities of daily living such as

financial management, transportation, and shopping.

We did not identify associations between social/family

and emotional hrQoL and NCF after controlling for mood.

Information captured by these FACT-Br subscales, which

assess patients’ level of social support, worry, and sadness,

likely overlaps considerably with that measured by the BAI

and BDI surveys. This may also explain why we did not

observe associations between any hrQoL subscales and
attention and processing speed. In a previous study examin-

ing mood and similar cognitive domains, we only found

correlations between mood and attention and processing

speed.4 This suggests that mood and hrQoL may have dif-

ferent relationships with NCF in patients with brain tumors,

with depressed or anxious mood primarily associated with

attention and processing speed and physical functioning

principally associated with executive function and memory.

Only social hrQoL significantly declined over the study

period. This trend has been observed in patients with breast

cancer38 but has not yet been described in patients with

brain tumors to our knowledge. Patients with cancer often

describe an outpouring of social support upon initial



WAIS-IV Digits Forward
WAIS-IV Coding

DKEFS TM Visual Scanning
DKEFS TM Number Sequencing

DKEFS TM Letter Sequencing

WCST Perseverative Errors

DKEFS VF Switching Total

DKEFS VF Letter Fluency

HVLT-R Total

HVLT-R Delayed

BVMT Total

BVMT Delayed

FACT Social Estimate (95% CI)

−1.0

FACT-Br Emotionalb)a) FACT-Br Social

M
em

or
y

E
xe

cu
tiv

e
fu

nc
tio

n
A

tte
nt

io
n/

pr
oc

es
si

ng

M
em

or
y

E
xe

cu
tiv

e
fu

nc
tio

n
A

tte
nt

io
n/

pr
oc

es
si

ng

−0.5 0.0 0.5 1.0

FACT Emotional Estimate (95% CI)

−1.0 −0.5 0.0 0.5 1.0

Fig. 4. Multivariable linear mixed-effects regression of cognitive function on social and emotional health-related quality of

life (hrQoL). Multivariable linear mixed-effects analyses of (a) Functional Assessment of Cancer Therapy-Brain (FACT-Br)
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estimates are shown by dot. Whiskers reflect 95% confidence interval (CI) of the estimate. There were no significant associa-

tions between FACT-Br Social/Family and FACT-Br Emotional hrQoL and neurocognition after correcting for multiple com-

parisons.
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diagnosis and treatment that declines over time as they

begin to “look fine” again.39 This may reflect the experience

of patients in our cohort.

We also identified demographic and clinical charac-

teristics associated with reduced pre- and post-RT

hrQoL. Patients with right-sided tumors and those who

were left-handed reported worse baseline and longitudi-

nal emotional hrQoL, respectively. Right-sided tumors

have been associated with worse emotional functioning

in patients with primary brain tumors40; this may be

related to hemispheric specialization in emotional proc-

essing and neurotransmitter concentrations.41 Addition-

ally, higher rates of anxiety and depression have been

reported among left-handed individuals.42,43 Patients

with more aggressive tumors had reduced hrQoL in mul-

tiple domains at baseline and after RT. This included

patients who underwent chemotherapy, received higher

radiation doses, underwent intensity modulated RT/volu-

metric-modulated arc therapy versus proton therapy, and

had gliomas. These patients likely experienced greater

anxiety, future uncertainty, and brain tumor- and treat-

ment-related symptoms throughout the study.

Our results suggest that interventions to maximize

hrQoL may influence cognition and vice versa. The

relationships and significant associations among these

outcomes are shown in the Venn diagram of Figure E2.

Although neurocognitive preservation strategies in

patients undergoing brain RT have increasingly focused

on complex dose-avoidance techniques44 and proton

therapy,45 our findings reinforce the notion that patient-
specific factors, such as hrQoL, may also influence

NCF. Importantly, our findings imply that efforts to

improve posttreatment physical symptoms and functional

status, such as with structured exercise interventions,46

may hold additional cognitive benefits on top of

correcting mood symptoms alone. Alternatively, more

widespread use of cognitive-sparing RT planning,

directed at memory preservation for example, may

improve posttreatment physical and functional well-

being. Ultimately, a combination of these strategies will

produce the greatest improvement in patient experience

after brain tumor treatment.

This study has several limitations. Our cohort was rela-

tively small and consisted of mostly white, highly educated

patients; however, patients underwent extensive NCF,

hrQoL, and mood testing in the same sitting at multiple

time points. There was some drop-off in FACT-Br and

NCF test completion between baseline and 12 months post-

RT. This study was part of an ongoing clinical trial and

some patients had therefore not yet reached later time-

points. Although our cohort included patients with benign

tumors and gliomas, our models adjusted for glioma histol-

ogy. Moreover, this heterogeneous sample allowed us to

assess the relationship between hrQoL and NCF in a diverse

group of high-functioning patients with brain tumors, for

whom NCF and hrQoL preservation is particularly relevant.

HrQoL may have been overestimated in this study given

that participation in a clinical trial requires a high level

of functioning. There may be additional associations

between NCF and hrQoL in patients with reduced hrQoL
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that we could not detect in this cohort of relatively high-

functioning and highly educated patients. Although our

results demonstrate an association between neurocognition

and hrQoL, they do not provide evidence of a causal

link between these outcomes. Future studies exploring

the directionality of this relationship may lend insight

into potential hrQoL- and cognitive-sparing interventions

in this population. Additionally, radiation treatment

details, such as planning target volume and dose to brain

structures important for cognition, likely influence

hrQoL and NCF. Future studies investigating these rela-

tionships in an normal tissue complication probability

analysis are of great interest.

We present the first prospective evidence of an inde-

pendent association between hrQoL and NCF in patients

with primary brain tumors, while accounting for mood.

Our results demonstrate an important, often overlooked,

association between physical functioning and NCF and

demonstrate the importance of accounting for hrQoL in

neuro-oncologic clinical trials assessing NCF. This may

represent a bidirectional influence. We also identify

patient subgroups at increased risk of hrQoL decline

that may benefit from targeted hrQoL interventions.

Future investigation of the cognitive benefits of hrQoL-

directed programs and implications of cognitive-sparing

interventions for hrQoL may yield novel methods for

mitigating decline in these outcomes.
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